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CHAPTER 1
General Introduction
Chapter 1 outlines the nature of the use of geographic information system (GIS)
technologies, and activities in the health sector where GIS technologies can be
applied. This chapter also presents the main research questions of this dissertation.
It ends with a brief overview of the remaining chapters.
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1.1. Introduction
Geographic information system (GIS) technology can be regarded as a geographic support tool designed to map, collect, store, query, track, monitor, and
analyze geographic health data for effective and efficient policy and management
decision-making (Alamo Area GIS Users Group, 2015; Kandwal, et al., 2009;
McLafferty, 2003; Nykiforuk & Flaman, 2011; Shaw, 2012; Tanser, 2006a). GIS
technology allows us “to view, understand, question, interpret, and visualize
geographic data in many ways that reveal relationships, patterns, and trends
(e.g., in the form of maps, globes, reports, and charts)” (Alamo Area GIS Users
Group, 2015; p.2).
In recent years, GIS technology has emerged as an effective and powerful
tool in the management and analysis of large amounts of geospatial and thematic
resource data to provide key information needed to support local and national
decision-making (Mennecke & West, 1998). Mennecke and West (1998) argued
that “technology that deals with location as well as attribute data of national
resources provides both an effective management tool at the functional area
level yet also provides powerful integrative tools for decision making at the
national or strategic level. In the absence of more sophisticated decision support
technologies, GIS technology can provide an effective tool for both local and
national decision making” (p.15).
The World Health Organization (WHO) advocated the implementation of
health management information systems (HMISs) in health-sector organizations
worldwide, promising beneficial impacts such as guided decision-making
management, effectiveness and efficiency in government planning,
implementation, monitoring, evaluation of health activities, and policy (Gladwin
et al., 2003). However, without accurate, timely, relevant, and complete
geographic data, the information systems cannot facilitate health decision
makers (HDMs), health practitioners, and managers in making their routine
operational management decisions, in allocating resources, and in tracking
healthcare delivery services, equipment supplies, and human resources
(AbouZahr & Boerma, 2005; Evans & Stansfield, 2003; Hotchkiss, Aqil, Lippeveld,
& Mukooyo, 2010; Lippeveld, Sauerborn, & Bodart, 2000; Stansfield, 2005). As
most of GIS health data specify a particular area (e.g., a geographic point of a
facility or a health center’s catchment area), GIS technology can be used in health
organizations to improve the efficiency and effectiveness of service delivery and
data currency, completeness, sharing, and collaboration.
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Linking GIS implementations to existing HMISs can be especially
advantageous to health sector organizations in developing countries, where
many of the HMIS implementations are regarded to have weakness in
information support and data analysis, poor quality data (Aqil, Lippeveld, &
Hozumi, 2009; Hotchkiss et al., 2010; Mavimbe, Braa, & Bjune, 2005; OdhiamboOtieno, 2005), limited use of available information, poor management (Gladwin
et al., 2003; Hotchkiss et al., 2010; Kamadjeu, Tapang, & Moluh, 2005; Rotich et
al., 2003; WHO, 1994), and many HMISs are considered failures (Heeks, 2006;
Walsham & Sahay, 2006). Furthermore, geographic health data are updated
inconsistently, there is a lack of sharing and accessibility, and there are different
data formats (Kaijuka, 2007), data redundancy (De Vries & Nyemera, 2010), and
untimely and limited availability of high-quality data in GIS health organizations
(Gladwin et al, 2003; Joyce, 2009).
Research on HMISs and on information systems in general in Uganda has
shown the difficulties involved in the implementation of information systems
such as GISs, in general and at the level of individual information systems
(Gladwin et al., 2003; Puri, 2007; Sipe & Dale, 2003; Tanser & Le Sueur, 2002;
Walsham & Sahay, 1999). The development of a GIS with a defined purpose
within an organization not only depends on technological issues, but on
organizational, institutional, and social issues as well. GIS development is a
dynamic process that takes a long time (Luna-Reyes, Zhang, Gil-García, &
Cresswell, 2005; Walsham, Robey, & Sahay, 2007). For instance, a study on health
systems development in South Africa lasted years during which different role
players became involved (Braa, Monteiro, & Sahay, 2004). In another study
(Gladwin et al., 2003), the developers of a new HMIS in Uganda did not take the
organizational issues into consideration. Instead, they focused on technological
issues. However, their approach was not supported, because they were
advocating a different approach to change than management was used to, and
the benefits of the new system as an effective and efficient guide for decisionmaking and management had not been explained. Thus, when developing or
changing information systems, it is necessary to take organizational,
institutional, and societal issues into consideration. Especially in developing
countries, such processes are often complex. Despite the fact that GIS technology
is considered to support decision-making (Alan & Traci, 1998; Budić, 1994;
Joyce, 2009; Mennecke & West, 1998), and improve service delivery and data
(quality, availability, up-to-dateness, currency, sharing, communication, collaboration, and use) at all levels (Budić, 1994; Shaw, 2012), there is a limited
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understanding of the use of GIS technology for better decisions by health
personnel or in health organizations (Alan & Traci, 1998; Crossland, Wynne, &
Perkins, 1995; Mennecke & Crossland, 1996; Shaw, 2012).
Studies on GIS technology in developing countries have examined myriad
issues, including value contribution, information presentation, implementation
issues, technical issues linked to specific disciplines (e.g., biology, forestry,
geology, urban planning, and business), and cartographic issues of capturing and
displaying spatial data (Alan & Traci, 1998; Crossland et al., 1995; Mennecke,
Crossland, & Killingsworth, 2000), as well as the redefinition and restructuring
of existing systems and performance evaluation of new information systems
(Gladwin et al., 2003; Hotchkiss et al., 2010; Odhiambo-Otieno, 2005), facility site
allocation (Khan, Ali, Ferdousy, & Al-Mamun, 2001), geographic variations in HIV
prevalence and sexually transmitted infections (Jansen et al., 2003), spatial and
sex differences in AIDS mortality (Jongsthapongpanth & Bagchi-Sen, 2010),
humanitarian emergencies (Kaiser, Spiegel, Henderson, & Gerber, 2003), the
design and implementation of an electronic health record system (Kamadjeu et
al., 2005), health GIS and HIV/AIDS studies (Kandwal et al., 2009), health care
utilization (Lopez-Cevallos & Chi, 2010), mapping malaria distribution
(Kleinschmidt et al., 2001), mapping populations at risk (Tatem et al., 2012), and
global mapping of neglected tropical diseases (Simarro et al., 2010). In all, a vast
amount of literature exists on different applications of GIS technology in health
sector organizations in developing countries. However, empirical information
systems research on the use and impact of GIS technology in health organizations
is limited (Alan & Traci, 1998; Crossland et al., 1995). Therefore, researchers in
the information systems community are pleading for more research on the use
and impact of GIS technology, to understand its potential contribution and
benefits on the one hand, and to determine easy accessibility of facility services,
especially to persons vulnerable to HIV/AIDS in developing countries on the
other hand (Crossland et al., 1995; Mennecke & Crossland, 1996; Shaw, 2012;
WHO, 2012). In addition, a focus in developing countries was chosen to explore
barriers to the implementation of GIS and offering solutions that will enable GIS
adoption, and help health developers to find, create and better manage spatial
data and attribute data resources. This will create a better understanding of
improving the chances of a successful GIS implementation.
This plea also applies to Uganda, a developing country in the Eastern part
of Africa and located along the equator. Ugandan research on the use and impact
of GIS technology for decision-makers and in health organizations, and on factors
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influencing the choice to share or not to share geospatial data is limited. Studies
have been conducted on service availability mapping (SAM) (e.g., on facilities
with functioning piped water and electricity, on the number of doctors and
nurses per 100,000 inhabitants, on the type of communication equipment, on Xray and oxygen machines, on laboratory services, on the most commonly used
injection equipment (needles or syringes (reusable or disposable)), and on
maternal and child health (caesarean, emergency blood transfusion), (WHO &
MOH, 2006) and on the location and accessibility of HIV/AIDS treatment and
testing sites (Chamla et al., 2007; WHO & MOH, 2006). The SAM study showed
the spread of facilities that provide services by district (WHO & MOH, 2006) and
the study by Chamla et al., (2007) showed the geographic location of treatment
and testing sites for HIV/AIDS patients. The two studies found that using a GIS
can be effective in identifying service delivery and intervention gaps and in
presenting geographic data in simple formats for better understanding, and in
assessing resource distribution and needs in conflict areas (Chamla et al., 2007;
WHO & MOH, 2006). Hence, integrating GIS technology in HMISs is beneficial to
decision-makers and planners, who are then provided with necessary
information about service distribution and facility site allocation, and assisted in
determining the volume of patients accessing a particular facility, in health
service monitoring, and in evaluating to make better decisions.

1.2. Study Area
The studies described in this dissertation were conducted in health sector
organizations in the central and northern part of Uganda. Uganda is landlocked,
bordering Kenya to the east, Tanzania to the south, Rwanda to the southwest, the
Democratic Republic of Congo to the west, and South Sudan to the north. The
country has more than 130 administrative districts with a decentralized system
of governance. Various responsibilities have been awarded to the local
governments, such as planning and decision-making for health services, ranging
from district to community level. However, the central government and the
Ugandan Ministry of Health (MOH) have the sole role of formulating and setting
policy, of supervising standards and coordinating health sector organizations
and all organizations handling health-related activities in Uganda. Uganda,
according to provisional census results, has a population of approximately 35
million people, of whom 1,516,210 live in Kampala, 69,958 in Entebbe, 518,008
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in Rakai, and 443,733 in Gulu (Uganda Bureau of Statistics [UBOS], 2014). With
an increasing population, the Ugandan government should adopt GIS technology
to guide in planning, decision-making, and monitoring of health service delivery.
GIS technology helps HDMs use limited resources equitably and determine the
spread and pattern of diseases (e.g., HIV/AIDS, tuberculosis, malaria, nodding
disease, Ebola, Marburg) to take appropriate actions(African Union, 2007;
Murray & Lopez, 1997; Tanser & Le Sueur, 2002; WHO, 2000).

1.3. Problem Context
Even though research has demonstrated how GIS technology can be used (e.g.,
for planning, allocation of services and resources, for decision-making, health
assessments, policymaking, for service availability mapping, for determining the
location and accessibility of HIV/AIDS treatment and testing sites, for
determining health utilization, for community health profiling), these studies
have not provided a comprehensive picture of GIS technology use: Why is GIS
technology used, which factors influence organizations’ choice to share or not to
share their geospatial data, and what is the impact of using GIS technology?
Concerning GIS technology use in health organizations in Uganda, research is
limited. This can be attributed to a number of reasons, for example limited
attention of information-systems researchers to GIS technology use as a research
topic, the unavailability of frameworks to evaluate GIS technology use, and
inadequate funding and designs. Yet, it is believed that using GIS technology
improves decision-making and organization management (Alan & Traci, 1998;
Murphy, 1995; Robey & Sahay, 1996), and that it guides disease surveillance and
risk-area mapping (Noor et al., 2012). Even though GIS researchers of different
disciplines have contributed a lot of literature, there is still a clear need to
investigate the extent to which GIS technology is used and its effectiveness as a
decision-making tool, and to investigate the impact of GIS technology use in
health organizations and the way it should be managed. To this end, the decisions
for which GIS output is used should be analyzed, and a distinction should be
made in user types (e.g., decision-maker, health practitioner, health manager).
Such an analysis should capture variables of the decision-making environment
that foster the use of GIS technology.
Several studies have investigated the assumption that GIS technology use
has both positive and negative impacts (Nedovic-Budic, 1999) and that it
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improves decision-making (Alan & Traci, 1998; Budić, 1994; Joyce, 2009; Shaw,
2012). These studies (Alan & Traci, 1998; Budić & Godschalk, 1994) used the
dependent variables decision time, decision quality, and decision accuracy to
measure decision-making effectiveness. The studies found that linking GIS
technology to geographic decision-making leads to positive impacts on decision
results. Thus, Nedovic-Budic’s (1999) assumption that GIS technology use has
both positive and negative impacts was only partially confirmed. Furthermore,
as mentioned above, researchers in the information systems community are
recommending further research to determine the impacts of GIS technology use
on decision-making in developing countries. Therefore, the study described in
this dissertation aimed to assess the use of GIS technology in health
organizations in Uganda.

1.4. Study Aim and Research Questions
The aim of the studies described in this dissertation was assessing GIS
technology use for decision-making in health sector organizations in Uganda. To
achieve this, the study had to determine the nature of GIS technology use, the
factors influencing GIS technology use and the sharing of geospatial data, and the
impacts of GIS technology use in health organizations in Uganda. This
dissertation answers the following research questions:
RQ 1: What is the nature of GIS technology use in the public health sector?
a. How is GIS technology used to collect and support information required for
public health sector decision-making?
b. Which factors hinder the use of GIS technology in the public health sector?
c. Which measures address these barriers to GIS technology use in the public
health sector?
RQ 2: What is the nature of GIS technology use in health sector organizations in
Uganda?
a. How do GIS users and GIS non-users see the nature of GIS technology?
b. How has GIS technology so far been used for health purposes in Uganda?
c. What do GIS users and GIS non-users see as possibilities of GIS technology?
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RQ 3: Which factors influence the sharing of geospatial data between health
sector organizations in Uganda?
a. Which factors influence the sharing of geospatial data between health sector
organizations?
b. Which problems are currently hindering the sharing of geospatial data
between health sector organizations?
RQ 4: Which factors influence the non-use of GIS technology in health sector
organizations in Uganda?
a. Which factors contribute to the non-use of GIS technology in the public
health sector?
b. Which measures address these barriers to GIS technology use in the public
health sector?
RQ 5: What are the impacts of GIS technology use in health sector organizations
in Uganda?
a. What are the benefits of using GIS technology in health sector organizations?
b. What are the disadvantages associated with GIS technology use in health
sector organizations?

1.5. Methodology
1.5.1. Research Design
This study employed a case-study design to collect information about GIS
technology use and its effects, and about managers’ and decision-makers’
perceptions of GIS technology use in health sector organizations in Uganda. We
collected qualitative data through semi-structured interviews with participants
representing the Ugandan health sector. Our qualitative research method
allowed an iterative and flexible study plan and real-life inquiry to generate rich
narrative descriptions, clarifications, and an understanding of complex issues.
This method is most useful for answering the “why” and “how” questions
(Marshall, 1996; Yin, 2009). In addition, according to Marshall (1996), a
qualitative research method allows for transferability and provides an indirect
quality assurance method of trustworthiness in assessing the outcomes, unlike
quantitative methods where generalization and direct statistical tests of validity
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and reliability have to be applied using a predetermined step-by-step method.
Similarly, a qualitative method allows the interviewer to probe deeper and ask
follow-up questions during in-depth conversations and helps to uncover the why
and how through exploratory exercise (Mupfumira & Mutsambi, 2012; Yin,
2009). Thus, our qualitative research method is vital for understanding and
getting the story behind our participants’ experiences.
Our embedded case study comprised nine sub-units of analysis (i.e., a UN
international agency, a not-for-profit non-government organization, a nongovernment organization, a government/public organization, a semi-autonomous government organization, a project-based organization, an education
and research institute, a private organization, and a funding mechanism). The
focus of our study was the health sector (single case) and its nine categories of
health organizations (units of analysis). An embedded case-study design was
most appropriate for our study, since it allowed us to concentrate on the single
case and its sub-units. Nevertheless, it is important to acknowledge Yin’s (2009)
warning to scholars who use an embedded case-study design: One of the pitfalls
of using an embedded case-study design is that the study tends to “focus on the
sub-unit level and fails to return to the larger unit of analysis” (p. 52). By
meticulously categorizing the responses from the nine units of analysis
(categories of health organizations), we ensured that the larger unit (health
sector) of analysis was not neglected. The results of our study therefore provide
a picture of what is happening in the health sector as a whole.

1.5.2. Sampling and Selection Criteria for Participants
We initially identified health sector organizations through internet browsing. We
used a purposive sampling approach to select participants in positions of high
leadership and responsibility in the organizations (e.g. managerial, academic and
technical skilled GIS expertise backgrounds, and geographic locations). We used
the purposive method, also known as judgment method (Marshall, 1996), to
select the most productive sample for answering our research questions from a
collection of organizations who are directly or indirectly involved in health
sector services. The higher leadership participants recommended potential
participants for this study where a snowball approach was used. Thus, the
selected participants had managerial backgrounds and expertise in GIS
technology. Table 1.1 gives an overview of the job positions of the participants.
We tried to include the broadest possible range of perspectives (Richards-Lyn &
Morse, 2007) that helped us understand and interpret the existing situation on
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the use of GIS technology, and design further research inquiries based on our
analyzed data.
For GIS-using organizations, we limited the selection to organizations that
possessed GIS technology or capabilities for at least two years. This time span
should be sufficient to have enabled broad trends of changes of development of
GIS technology use to have occurred. For instance, when new technology is
developed in an organization, awareness and sensitization of the technology
products is practically carried out to show organization top management of its
benefits, and staff capacity building is carried i.e. practical on-job hands training
on the use of the technology. As the aim of carrying awareness and sensitization,
and staff capacity building is to promote the technology in the organization to
show its effectiveness. For non-GIS using organizations, we focused on
organizations within the proximity of identified GIS using organizations.
The purposive sampling approach helped us get the first five participating
organizations, and an exponential non-discriminative snowball sampling
approach was used to get the other 38 GIS-using organizations and 32 non-GIS
using organizations, where the first participating organization was involved in
identifying other organizations using GIS technology and those not using GIS
technology. This snowball sampling approach helped us identify health sector
organizations that were located within the proximity of the first organization,
which increased participant reachability.
We identified 75 organizations to participate in our study (43 using and
32 not using GIS technology). Our selection was based on information from the
Ugandan Ministry of Health (MOH), which formulates policies, establishes
standards, quality assurance, mobilizes resources, capacity development, and
technical support and coordinates health activities such as our study (SAM,
2006). The ministry informed us that most GIS activities are outsourced due to
inadequate staff expertise and to short-term and project-based funding. In those
organizations, the end of a project also marks the end of GIS technology use,
because GIS departments are not facilitated in these organizations.
In total, the study identified 89 participants (57 from organizations using
GIS, and 32 from organizations not using GIS). In some organizations, more than
one person participated in the interviews, based on the size of the organization
and the number of project-based GIS-technology activities in that organization.
The participating organizations were located in the Kampala, Entebbe, Gulu, and
Rakai districts in Uganda. Table 1.2 gives an overview of the types of
organizations that participated.
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Table 1.1: Study participants for the interviews.
Professional background
Organizations
using GIS
technology
Executive director
0
Monitoring & evaluation
16
specialist
IT specialist/ICT manager
5
Head of department /
3
managers
GIS technology staff / analysts
8
Research / project
2
coordinator
Director
5
Consultant / advisor
4
Lecturer
3
Health inspector
2
Statistician
3
Medicine distribution
manager / logistics
3
coordinator
Other (vector control officer,
3
geographer, senior engineer)
Total
57

Organizations
not using GIS
technology
6

Total

3

19

10

15

7

10

0

8

5

7

0
0
1
0
0

5
4
4
2
3

0

3

0

3

32

89

6

Our large sample size (cross-cutting the Ugandan health sector, including
organizations that handled health-related activities even though these were not
officially health sector organizations) was vital to understand the views,
opinions, and perceptions on GIS technology, since the technology is relatively
new in the Ugandan health sector. Furthermore, there are only a few health
organizations in Uganda with a full-fledged GIS environment or that have fully
implemented GIS technology. However, it is important to note that the required
sample size for qualitative research studies is not strictly recommended like in
quantitative studies (Coyne, 1997; Morse, 2000). Morse (as cited in Coyne, 1997)
even stated that unclear guidelines on principles for sample-size selection has
caused confusion in qualitative research. We opted for a large sample size,
because it is wise to overestimate rather than to underestimate (Morse, 2000),
and Morse (as cited in Coyne, 1997) in order to meet the qualitative principle of
appropriateness of purposive sampling and of a good informant by not using a
small sample (one who is articulate, reflective, and willing to share with the
interviewer; Morse, 1991). Our large sample size, enabled us to identify
participants who were free to give information. We also chose a large sample size
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after some organizations were not willing to be interviewed, because GIS
technology is mostly implemented and used by international organizations and
funded project-based health activities. Thus, organization bureaucracy hindered
our accessibility to some of the organizations. Finally, our large sample allowed
us to get rich and holistic data that were sufficient for qualitative analysis. In
addition to conducting semi-structured interviews, we collected data from
secondary sources (e.g., annual reports, organizational websites).
Table 1.2: Categorization of interviewed health sector organizations.
Organization category
GIS users
GIS nonusers
UN international agency (UNA)
12
8
Not-for-profit non-government organization
10
10
(NFP)
Non-government organization (NGO)
6
8
Government/public organization (GPO)
4
2
Semi-autonomous government organization
2
3
(SAG)
Project-based organization (PBO)
4
0
Education and research institute (ERI)
2
1
Private organization (PRO)
2
0
Funding mechanism (FM)
1
0
Total
43
32

Total
20
20
14
6
5
4
3
2
1
75

1.5.3. Interviews
We used an iterative data-collection approach and thematic analysis: We
conducted semi-structured interviews, and subsequently identified the themes
that emerged during those interviews (e.g. disease surveillance: disease
mapping, health care research and management(health facility access, utilization
and planning), mapping location of clients, distribution of facilities, intervention
programs, activities coverage, districts, human resource management mapping,
M&E and performance reporting and, interactive Web-based GIS mapping
platform and so forth. The interviews allowed us to collect in-depth information
through probing (Kumar, 2005). In addition, we conducted the interviews to get
insight in the perceptions of organizations not using GIS technology and of nontechnical GIS professionals. Finally, the interviews enabled us to have a face-toface encounter with the participants. The aim was gaining an understanding of
participants’ perspective on what GIS technology is, of their experiences
expressed in their own words, and of what motivated them to use GIS technology
for their activities.
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We collected all data for our studies in 2013. We started our collection
with the Ugandan MOH (the coordinating organization of health and healthrelated activities in Uganda) and then extended our collection to proximate
health organizations. The aim was getting familiarized with accessibility of
health information, seeking permission to access necessary documents, and
conducting interviews. Access to some of the health organizations using GIS
technology was a problem, due to unwillingness to cooperate, especially as far as
confidentiality and security of health data (especially individual data) are
concerned. In addition, financial audits and financial year reports affected our
data collection, since most of the GIS activities were project based and funded,
and most organizations had deadlines for submitting financial reports and
proposals for further funding. Nevertheless, we managed to conduct interviews
and gather sufficient information to answer our study questions.
We conducted semi-structured interviews (audiotaped face-to-face and
wrote down notes during telephonic), to assess each health organization’s level
of GIS technology use, their purpose of sharing or not sharing geospatial data,
factors contributing to GIS technology use as well as non-use, the effects of GIS
technology use on decision-making, and the challenges that are encountered
when using GIS technology in decision-making in these organizations. Since we
set out to get uniform information to ensure comparability of our data, we used
an interview schedule with categorized themes and issues. Some of the interview
questions were extracted from Joyce (2009) and reformulated; we developed the
remaining questions ourselves to fit our research questions best. We requested
participants to feel free to give detailed answers.

1.5.4. Data Analysis
We transcribed the qualitative data from the interviews and subsequently
transferred these to Microsoft Excel to enable easy coding and the creation of key
categories. Our analysis process involved segmenting the information and
developing coding categories. We identified major themes and clustered them,
after which we categorized the data into emerging themes and presented a
narrative report using ideas from a developed framework by (Miles & Huberman,
1994). This process enabled us to get an in-depth description of the results. Thus,
we used a qualitative content analysis, because it is “flexible” (Miles & Huberman,
1994; p.10) and guides in providing ways of “discerning, examining, comparing
and contrasting, and interpreting meaningful patterns or themes” (National
Science Foundation [NSF], 1997; P.31).
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Compared to quantitative analysis, qualitative analysis is guided by fewer
universal rules and standardized procedures (e.g., data reduction, data display,
conclusion drawing, and verification). According to Miles and Huberman (1994),
“data reduction is the process of selecting, focusing, simplifying, abstracting, and
transforming the data that appear in written-up field notes or transcriptions, and
data reduction occurs continuously throughout the life of any qualitatively
oriented projected” (p.10). A data display (i.e., an extended piece of text, diagram,
chart, or matrix that provides a new way of arranging and thinking about the
more textually embedded data) provides “an organized, compressed assembly of
information that permits conclusion drawing and action” (Miles and Huberman,
1994; p.11). Thus, displaying our data allowed us to generalize our data, and to
form themes and interrelations. We analyzed all qualitative data manually by
reading through the transcripts and by highlighting responses to each question
in order to build themes. To note, we adopted the procedure for analysis
described in chapters 3 through 5 from Miles and Huberman’s (1994) data
matrix display.
We analyzed the qualitative interview data by using a summary sheet
(data reduction and display), to explore the perceptions of health decisionmakers about the use of GIS technology for decision-making. A summary sheet is
a single sheet with some focusing or summarizing questions about a particular
field contact (Miles & Huberman, 1994). The summary sheet presents the
questions and a summary of the responses of each interviewee. We coded all
interviews manually. As stated in section 1.5.3, all participants were asked to
answer predetermined questions. We analyzed their answers in a matrix format
to identify common categories, similarities in their responses, and direct quotes.
We categorized the sections of analysis in each chapter according to the
frameworks identified in the literature. In order to get insight in the current
nature of activities where GIS technology has been applied and in the underlying
motivation for GIS technology use, we asked participants to mention any recent
activities in which GIS technology has been used in their organizations. We used
the existing literature to categorize the mentioned activities into current specific
GIS activities (Kandwal et al., 2009; McLafferty, 2003; Nykiforuk & Flaman, 2011;
Shaw, 2012; Tanser, 2006). This formed the basis for our understanding of
motivations for and impacts of GIS technology use for health-sector activities.
For instance, data sharing and collaboration were mentioned as a motivator.
Similarly, literature from several authors helped us categorize factors
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influencing the sharing of geospatial data (see Chapter 4) and impacts of GIS
technology use in health sector organizations in Uganda (see Chapter 6).

1.6. Outline of the Chapters
Figure 1.1 gives an outline of the seven chapters of this dissertation. Chapter 2
describes a literature review, and chapters 3 through 6 focus on the three
empirical research questions aimed at assessing GIS technology use in health
sector organizations in Uganda. Chapter 7 summarizes the findings and presents
recommendations.
Chapter 2 presents a literature review that describes a framework for
examining the effects of GIS technology use on organizations. It shows different
ways of using GIS technology, and it shows how GIS technology has been used in
public health for decision-making. The chapter also discusses GIS operation
methods and key issues that should be considered to realize the benefits of GIS
technology use. The framework guided our empirical data collection to
determine the effects of GIS technology use on organizations.
Chapter 3 explores the current situation of the uses of GIS technology in
several organizations with respective users in Uganda. We identified users and
types of GIS training received by GIS users. This chapter also describes the
specific areas where GIS technology has been used in the health sector
organizations, and what motivated these organizations to use GIS technology in
their day-to-day activities.
Chapter 4 presents the factors influencing the sharing of geospatial data
in health sector organizations in Uganda. The aim is to determine whether GIS
technology improves internal and external collaboration, access to, and sharing
of data in health sector organizations’ decision-making processes. Factors that
are currently hindering the sharing of geospatial data are also discussed here.
Chapter 5 explores the factors influencing non-use of GIS technology in
health sector organizations in Uganda. The aim is to propose strategies to
encourage and improve adoption and implementation of GIS technology use in
health sector organizations.
Chapter 6 conveys the impacts that are experienced when using GIS
technology for health activities, and discusses both advantages and
disadvantages associated with the use of GIS technology.
Chapter 7 summarizes and reflects on the results described in the
preceding chapters, presents answers to the research questions, describes the
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contribution of the study described in this dissertation, and provides
recommendations for further studies.

Figure 1.1: Outline of the chapters.
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CHAPTER 2
GIS Technology Uses in the Public Health Sector in
Africa: A Literature Review
This chapter provides a literature review of geographic information system (GIS)
uses in the public health sector in the African context. The chapter first focuses on
the nature of GIS technology use by understanding its benefits. It then focuses on
GIS application activities, on barriers hindering GIS technology use, and on
measure strategies to address the barriers in the public health sector in Africa.
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2.1. Introduction
Africa is a home to “10% of the world population, it bears 25% of the global
disease burden, and has only 3% of the global health work force” (African Union
[AU], 2007; p.5). Of the estimated global shortage of four million health workers,
one million are required in Africa (AU, 2007). The crisis in Africa is not new; it
developed due to long-standing neglect and unfavorable international
development policies and practices. Africa as a continent has many health
problems as the disease burden is creating a decline in its population, and is
ranked the highest compared to the disease burden of other continents (AU,
2007; Tanser & Le Sueur, 2002). Among the disease threats are human
immunodeficiency virus infection/acquired immunodeficiency syndrome
(HIV/AIDS), Tuberculosis and Malaria, but attention should also be given to
other communicable diseases which weaken humans, such as measles, cholera,
Ebola, Marburg, Trypanosomiasis, Guinea worm, and schistosomiasis (AU, 2007;
Murray & Lopez, 1997; Tanser & Le Sueur, 2002; WHO, 2000).
With the vision of “an integrated and prosperous Africa free of its heavy
burden of disease, disability and premature death” and the mission “to build an
effective, African-driven response to reduce the burden of disease and disability,
through strengthened health systems, scaled-up health interventions,
intersectorial action and empowered communities,” the African Health Strategy
2007–2015 provides a panoramic view of the dominant health challenges of the
continent (AU, 2007). In its situational analysis, the Africa health strategy and
recommendations of the millennium development goals (MDGs), the MDG Africa
steering group recognizes with evident reality that Africa faces “a huge burden
of preventable and treatable health problems whose solutions are known,
proportionately for beyond to Africa’s share of the world’s population” (AU,
2007, p. 3). The triple burden from (communicable and non-communicable)
diseases, injury, and trauma, including the social impact of these, has adversely
affected development in Africa. “Africa is still not on track to meet the health
Millennium Declaration targets and the prevailing population trends which
could undermine progress made” (AU, 2007; p.3; United Nations [UN] et al.,
2008; p.1). The support for a rapid scale-up of proven interventions and required
investments in basic African healthcare systems is still insufficient (UN et al.,
2008).
A study carried out in South Africa by Tanser and Le Sueur (2002)
concludes that, “not only does Africa have the highest burden of diseases of all
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continents but it is also a continent in which the greatest component of the
burden is contributed by the environmentally dependent disease such as
infectious disease (HIV, Tuberculosis) [and] vector-borne diseases (malaria,
trypanosomiasis, schistosomiasis, guinea worm) while non-communicable
diseases have [a] weak or nonexistent link with the environment.”
In exploring the persistent health problems in Africa, the Africa health
strategy 2007 highlights key factors: weak health systems and not enough
resources to support targeted reduction to achieve universal access, inadequate
health interventions which do not match the scale of the problem, disempowered
populations that are not able to improve their health, the benefits of health
service do not equitably reach the population with the greatest disease burden,
widespread poverty, marginalization and displacement on the continent due to
persistent wars, insufficiently addressed environmental factors and degradation
(climate change), insufficient action on the intersectorial factors impacting
health, and lack of reliable statistics and disease reporting caused by cost and
infrastructural constraints (Tanser & Le Sueur, 2002; UN et al., 2008). Focusing
on the insight of these problems, in most African countries, the basic human
resources, health infrastructure, equipment and supplies are inadequate to
provide crucial health services (maternal, child and reproductive) and to control
and treat infectious diseases (UN et al., 2008). In order to address these
problems, public health sectors need timely, accurate, and up-to-date
information on the course of the disease outbreak, need to address speculative
and educative guesses of disease estimates (Snow, Craig, Deichmann, & Marsh,
1999) and other health-related events to take appropriate actions.
As supported by results of several empirical studies, geographic
information system (GIS) technology has been increasingly used to address
health problems in Africa. In this paper, we explore how GIS technology is used
in different areas of the public health sector in Africa. We start by presenting a
brief understanding of GIS technology. Then, we identify the nature of GIS
technology and the ways in which it has been used in specific areas in Africa. We
also discuss barriers that hinder GIS technology use within the public health
sector in Africa, after which we identify measures for overcoming the barriers,
and present the conclusion of the review. Hence, the purpose of our literature
review is to examine the uses of GIS technology in decision-making in public
health. We thereby intend to contribute towards raising awareness of mixed
assessments coming from GIS implementation and of the need for more regular
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research on the uses of GIS technology in public health in Africa. We present the
review based on the following research questions:
•
•
•
•

What is the nature of GIS technology use in the public health sector?
How is GIS technology used to collect and support information required for
public health sector decision-making?
Which factors hinder the use of GIS technology in the public health sector?
Which measures address these barriers to GIS technology use in the public
health sector?

2.2. Understanding GIS Technology
GIS technology can be used by health decision-makers for generating and
mapping the geospatial information to address health gaps. The use of GIS
technology and mapping has grown as a potential means to effectively link, store,
analyze and disseminate a range of data to address problems in public health,
epidemiology, and other disciplines. GIS technology can create opportunities for
public health decision-makers to enhance planning, analysis, resource allocation,
and decision-making. Health-mapping has evolved from Dr. Snow’s choleramapping of outbreak incidences demonstrating that a specific water pump was
the cause of infection in London, England, in 1854, (Shaw, 2012) to the latest
Internet mapping where data can be accessed and shared worldwide across the
Internet.
Even though the usefulness of GIS technology is unquestionable (Scholten
& De Lepper, 1991; Tanser & Le Sueur, 2002), there are infrastructural and cost
implications, especially for African countries suffering from a lack of reliable data
and disease-reporting. The use of GIS technology for health service planning,
provision, and decision-making can be suitable for the health decision-makers in
filling the gaps with empirical disease-modeling techniques in day-to-day
management of health problems in Africa (Clarke, McLafferty, & Tempalski,
1996; Tanser, 2006a). Although GIS technology has been widely used in public
health and epidemiology to map incidence and prevalence of diseases in Africa,
there is still room to explore and understand the use of GIS technology in health
service access, utilization, and demand (Tanser & Le Sueur, 2002). When it has
been utilized to its capability, Shaw (2012, p. 88), highlights that “GIS can: inform
and educate (professionals and the public), empower decision-making at all
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levels, help in planning and tweaking clinically and cost-effective actions, provide
means for visualizing and analyzing epidemiological data, revealing trends, map
high human disease risk areas, disease patterns, in predicting outcomes before
making any financial commitments and ascribing priorities in a climate of finite
public health resources, change practices, and continually monitor and analyze
changes, as well as sentinel events in specific diseases and other health events in
relation to their environmental surroundings, existing health and social
infrastructures” (Boulos, 2004, p.42 ).
The benefits of GIS technology include precise generation of thematic
maps that can show the intensity of a disease or vector, identification of
catchment areas of health centers and location of suitable sites for a new health
facility development, the capability to overlay different pieces of information and
carry out specific calculations, creation of buffer zones around selected features
making it possible to combine this information with disease incidence data to
determine how many cases fall within the buffer zone, and creation of a dynamic
link between databases and maps so that data updates are automatically
reflected on maps. Such dynamic maps, especially when published on the
Internet, help the public locate the most convenient health service center easily,
and encourage collaboration and information-sharing at all levels, especially
when a Spatial Data Infrastructure (SDI) has been developed (Tanser & Le Sueur,
2002).
Among the most primary benefits of GIS technology are its analytical
processes in which numerous data sets of divergent original scales and themes
are combined into fewer or a single representation. For instance, proximity
analysis operations can be employed in health disease surveillance (Wall &
Devine, 2000), in environmental impact analysis to determine risk-prone areas
to prevent additional victims from acquiring the disease, in health access and
planning, and in community health profiling (Guptill, 2001; Nykiforuk & Flaman,
2011). In Rwanda, a study was carried out to measure the geographic
accessibility, to model spatial coverage of the existing primary health facility
network, to estimate the number of primary health facilities working under
capacity and the population underserved (Huerta Munoz & Källestål, 2012). The
authors combined three scenarios normally used in Africa for accessing health
services: walking, walking and cycling, and walking and public transport. By
having this information combined, the authors were able to accomplish their task
and discovered spatial variations in geographic accessibility and spatial coverage
in all the scenarios. However, the study acknowledges the benefit of using GIS
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methods to leverage multiple datasets from different sources in a spatial
framework to provide support for evidence-based planning and resource
allocation in Africa.
In addition, GIS technology can be used by an informed user to solve
geographic distribution problems. When used optimally for analysis and
decision-making, a GIS becomes the best new information management system
with a potentiality for the public and for the field of epidemiology (Tanser,
2006a). According to Tanser and Le Sueur (2002), GIS applications have been
reviewed/assessed by several authors (Briggs & Elliott, 1995; Clarke et al., 1996;
Moore & Carpenter, 1999; Scholten & De Lepper, 1991; Twigg, 1990; Vine,
Degnan, & Hanchette, 1997; Walter, 1993), and discovered to be underutilized,
but also to have much to offer to the public health sector. The authors also state
that it is not clear if the GIS technology is sustainable and applicable in Africa.
Thus, this literature review examines the nature of GIS technology and identifies
ways in which it has been used in specific areas in Africa.

2.3. GIS Applications in the Public Health Sector in Africa
The GIS arena has rapidly grown over the last two decades, and GIS technology
has transformed public health decision-makers’ ways of handling health-related
problems and approaching decision-making. In Africa, the application of GIS
technology is currently growing extremely in the public health sector in solving
health issues due to their benefits, capabilities, and applicability. Clarke et al.
(1996) highlight that GIS technology, as a “computer-aided database management and mapping technology with functional capabilities for capturing, storing,
recording, checking, integrating, manipulating, analyzing and displaying data
related to positions on the earth's surface and with many other tools that support
field data collection” (p. 85), has been found ideally suited for use in infectiousdisease surveillance and control, particularly for the vector-borne diseases in
Africa. GIS technology is highly beneficial to meet the demands of outbreak
investigation and response, where prompt location of cases, rapid communication of information, and quick mapping of the epidemic’s dynamics are vital.
The Public Health Mapping and GIS program, based within WHO Communicable
Diseases, was developed with the goal of providing greater access to simple, lowcost geographic information and related data management and mapping systems
to public health administrators at all health system levels.

22

The benefits of GIS technology are now being recognized in African
countries: There are many empirical studies, and applications from public health
and epidemiology which show that using the technology as a tool for spatially
referenced analysis, manipulation, disease control and prevention, forecasting,
decision-making, and data dissemination is beneficial. Nowadays, there are
potential GIS applications ranging from a tool for disease surveillance (disease
mapping and disease modeling), health facility access, utilization and planning,
strategic health planning and management, community health profiling, building
environment and neighborhoods, health education, spiritual health, crisis
management, risk analysis, health resource allocation (targeting resources), and
design and evaluation of health care programs, to a tool for health care research
(Tanser, 2006a; Tanser & Le Sueur, 2002; Tatem et al., 2012). In Africa, Tanser
(2006a) identified specific areas where GIS application has been used in public
health mapping, ranging from studies of infectious diseases like malaria,
HIV/AIDS, tuberculosis, schistosomiasis, cholera, guinea worm, and sleeping
sickness to cancers like leukemia. This shows that GIS technology is now readily
available and usable, and that Africa benefits substantially from their application
in the public health sector in several ways and in specific health activities.

2.3.1. Disease Surveillance
Disease surveillance is one of the major areas of epidemiological research, and
its key component is disease case reporting. Tatem et al. (2012) state that the
use of GIS technology in disease surveys and reporting is vigorously increasing,
which is enabling a better understanding of spatial epidemiology, and an
improvement of surveillance and control strategies. Disease surveillance is the
tracking and compilation of data on the incidence, prevalence, and spread of
disease to establish patterns of progression (Nykiforuk & Flaman, 2011; Shaw,
2012; Wall & Devine, 2000). Epidemiology is the study of occurrence of disease
and distribution and patterns of health events, in relation to environmental
features and their causes in a well-defined population (Vanmeulebrouk, Rivett,
Ricketts, & Loudon, 2008). Epidemiology is regarded as a cornerstone in public
health research and practice, which both helps in decision-making and
identifying risk factors for disease, and targets them for preventive medicine and
public policy development. Therefore, the effective aim of epidemiology lies in
the construction of spatial models of disease prevalence, risk, and maps, to
identify the potential spread of infectious diseases (Moffett, Shackelford, &
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Sarkar, 2007). The overwhelming studies for GIS technology use in African
literature indicates an increased availability of spatially referenced
epidemiological data, which enables the rapid expansion of disease mapping and
spatial disease modeling methods in tackling Africa’s health problems in public
health (Tatem et al., 2012).
In the area of disease surveillance, GIS technology has been widely used
in Africa for disease mapping and disease modeling. Disease mapping is the
production and tracking of death (mortality) and illness (morbidity) patterns
related to a single disease or set of diseases. There are many disease mapping
GIS applications reported in the literature. Some of the GIS applications involve
surveillance and monitoring of the disease incidence and prevalence to support
control efforts. Others focus on producing map atlases to track the historical
trends of the disease. GIS technology has been used to identify geospatial
patterns and areas of disease transmission (Rytkönen, 2004). The literature
identifies three goals of disease mapping. First, identify areas of high risk in order
to increase prevention. Second, provide a map of disease risk for a region for
better risk preparedness. And last, describe the geospatial variation in disease
incidence (Rytkönen, 2004). For instance, in the Kilifi district in Kenya, a study
was carried out among children under 5 years old to find out the cause of malaria
mortality rates and incidence of severe malarial disease in defined communities
(Schellenberg et al., 1998). The authors studied the geospatial pattern of the
hospital admissions for severe malaria, and the stability of the pattern over time
to determine the distribution of childhood leukemia. The authors discovered that
hospital admissions rates for severe malaria were less for households of children
further away, whereas rates for those with easier access to the hospital were
higher.
Nowadays, “the World Health Organization” issues disease alerts that are
mapped at http://www.healthmap.org and provided in near real time. The maps
produced are used to plan for service provision (expertise and resources), or to
decide where to build a new health facility (Cattand et al., 2001). Disease
outbreaks normally result from social, environmental, and individual factors, so
GIS analysis can facilitate the integration of these factors as it is regarded as a
map-based tool that can be used to study the distribution, to identify and to
pinpoint the source of outbreaks, and to detect clusters of disease beyond a
containment zone (Boone et al., 2000). GIS functionalities can produce maps to
communicate relationships and tell stories which cannot be presented with
other data-presentation techniques (Tanser & Le Sueur, 2002).
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Furthermore, GISs are currently being developed and implemented; not
as a stand-alone system, but integrated into other systems. Several African GIS
studies have shown the various tangible and intangible benefits of doing so. In
South Africa, a GIS-based malaria information system (MIS) for malaria research
and control was developed to process timely data in a usable format for malaria
research, appropriate malaria control measures, tourism, and social and
economic development (Martin et al., 2002). The authors concluded that the use
of MIS helped focus on control operations, and provided accurate, timely, and
relevant information for decision-making and research. The maps produced
through spatial analysis helped in formulating (malaria) insecticides and drug
policies, in providing appropriate information for tourists, and in planning water
resource and infrastructural developments. The MIS further provided a decisionsupport platform for a regional malaria control initiative through the
standardization of data collection and reporting. Additionally, GIS technology
has also been used for the visualization of geospatial patterns of risk for exposure
to malaria parasites in Africa and globally (Hay et al., 2010).
Using GIS technology has further benefited malaria research in African
countries by mapping geospatial distribution and temporal incidence patterns
for different vector populations associated with malaria in different parts of the
continent. For example, a malaria distribution map in West Africa would
constitute a useful tool for development and health planners, for global mapping
for the distribution of a dengue fever outbreak, and for populations at high risk
(Hales, De Wet, Maindonald, & Woodward, 2002). More examples concern
sleeping sickness in Africa as a whole (Cecchi et al., 2009) and in the countries
Uganda (Odiit et al., 2006) and Central African Republic (Cattand et al., 2001),
and HIV/AIDS in Uganda (Chamla et al., 2007), in Malawi (Feldacker, Emch, &
Ennett, 2010), and in South Africa (Vanmeulebrouk et al., 2008).
Disease modeling is a component of disease mapping, and has been used
to forecast future disease spread or epidemic outbreaks (Myers, Rogers, Cox,
Flahault, & Hay, 2000; Nykiforuk & Flaman, 2011; Robinson, 2000). The authors
identified six ways in which GIS technology can be used in African public health.
First, to predict the future spread of disease. Second, to identify factors that may
foster or inhibit disease transmission. Third, to pinpoint high-risk areas for
disease prevention or intervention. Fourth, to target control efforts. Fifth, to
identify gaps and last, to increase stimulus for data collection in these areas.
McKee, Shields, Jenkins, Zenilman, and Glass (2000) highlight that “when disease
mapping is coupled with analytical techniques, the pattern of disease spread can

25

be readily detected and predictive models generated to facilitate intervention”
(p. 733).
Vector-borne and infectious diseases are among the leading causes of
death that remain challenging in public health in Africa, killing millions of people.
It is one of the application areas of disease modeling which has benefited
extensively from GIS and associated geospatial analysis, to examine factors
influencing malaria transmission (Nykiforuk & Flaman, 2008). Africa has further
benefited from the use of GIS technology in handling vector-borne diseases. For
instance, GIS technology has been used for global determination of the impact
distribution of malaria in the 20th century, to identify populations at high risk of
malaria (Hay, Guerra, Tatem, Noor, & Snow, 2004). The authors suggest that
priority should be given to updating global maps of malaria endemicity, to
provide regional consistent measures of populations at risk. This, in turn, could
contribute to continuing efforts to refining the global burden of disease estimates
for malaria. Such information guides heath decision-makers in how to utilize
resources and how to control the killer disease globally. GIS approaches can
model vector-borne disease risk with high predictive accuracy, because of
abundances of vectors and pathogen reservoirs often associated with
environmental factors (Eisen & Eisen, 2008). The authors note that “geospatial
risk models for human exposure to vector-borne pathogens, which should have
high accuracy for predicting areas of elevated risk without overestimating risk
coverage, can be constructed based on epidemiological data or an abundance of
vectors or infected vectors”.
In Kenya and Uganda, a GIS-based malaria early warning and detection
system was developed to monitor the epidemic in the highland areas (Abeku et
al., 2004). The study was conducted to investigate the system potentiality in
disease surveillance and weather monitoring for effective early warning. The
information given by the system was used to determine areas and persons at risk
to control the epidemic. Further, GIS technology has been used to map the
distribution of African populations in relation to malaria risk and intervention
coverage. This can provide health workers with a means to track the future
requirements for scaling up essential disease prevention strategies (Noor,
Mutheu, Tatem, Hay, & Snow, 2009). GIS technology can also be used to
understand complex processes of disease transmission and spread (Nykiforuk &
Flaman, 2008). For example, an HIV/AIDS GIS-based model was developed to
offer an alternative method to estimate prevalence rates over space from
incomplete surveillance dataset (Kalipeni & Zulu, 2012). The authors note that
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the results clearly show that an HIV/AIDS epidemic is complex and
interconnected with other geographic, historical, economic, and cultural factors
which explain its spatial spread and variation. The information can help
policymakers use a multifaceted and interdisciplinary approach taking into
consideration the context and economic and social realities at multiple spatial
scales, without concentrating on behavioral change or therapy alone. On the
other hand, such information can guide health decision-makers plan and develop
geographically coordinated immunization programs targeted at persons at great
risk. Nykiforuk and Flaman (2008, p. 17) highlight that “GIS can then be utilized
to track and assess the effects of vaccinations as well as coordinate the
administrative collaboration, risk assessment, and mobilization of local
authorities to conduct necessary vector control measures”. Additional studies
include the development of HIV/AIDS GIS-based model to forecast prevalence
rates (Kalipeni & Zulu, 2008).

2.3.2. Health Care Research and Management
Tanser (2006a) divides GIS applications in health care research and
management into three categories in which Africa has benefited from them:
measuring access to and coverage of the health services, understanding the
utilization patterns of the health services, and rational design and planning of the
health services. In Africa, geographic accessibility correlates with physical
distance or travel time to a health facility, availability of health care services
when needed, right service providers/materials/equipment, financial
accessibility, and service providers’ acceptability of communities, all of which
have created barriers in accessing health services (Huerta Munoz & Källestål,
2012). These describe relationships between variables associated with service
need and the attributes of the service delivery system. Thus, the factors that
affect availability of health service are shortage of drugs, lack of medical
equipment and supplies, lack of infrastructure, unequal distribution of health
personnel, and weak capacity for planning, managing, and supervising human
resources (Hanson, Ranson, Oliveira-Cruz, & Mills, 2003; Huerta Munoz &
Källestål, 2012).
Nykiforuk and Flaman (2011) highlight that GIS health access and
planning applications can be directly related to market segmentation analysis
and network analysis for health services and delivery. To which the authors
relate health accessibility to physical location of the health facility services, the
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distance and ability to travel between them, and the network of health services
in an area. In addition, Nykiforuk and Flaman (2011) state that “network analysis
can be used to determine client catchment areas or identify the proportion of the
population in a given area with potential access to services within a defined
network (p. 68). Market utilization applications can be used to identify and
characterize realized access to services within a catchment area to describe
patterns of health service utilization”. The authors note that GIS applications of
market segmentation, network analysis and market utilization are often
interrelated with each independently addressing a variety of health problems.
Thus, network analysis applications of GIS are related to location of and
access to health services with the aim of addressing questions of route and
proximity (Nykiforuk & Flaman, 2008). Studies in Africa have shown that
physical proximity of health services is linked to health utilization where
availability and physical accessibility coverage are combined to determine the
spatial coverage and to analyze the physical accessibility of the supply and the
adequacy of the supply to cover the demand (Huerta Munoz & Källestål, 2012).
These analyses can be helpful in the effective planning of health care delivery and
in the design of coordinated emergency response systems to best meet the needs
of the community.
Additionally, studies in Africa indicate that GIS technology has been used
to assess the health care needs, to analyze access to health service, to understand
disparities in access among different groups, to evaluate health care utilization
and its geographic variations, to plan and evaluate the health services, and to
provide spatial decision-making support for health care delivery. For instance,
physical accessibility to health facilities can be constructed for specific subpopulations by utilizing GIS technology to examine the accessibility of malaria
services in Kenya (Noor, Zurovac, Hay, Ochola, & Snow, 2003), or to understand
the spatial usage patterns of health facilities in rural South Africa (Tanser,
Hosegood, Benzler, & Solarsh, 2001). On the other hand, public health utilization
and market segmentation of GIS applications answer questions of health service
supply and demand (Nykiforuk & Flaman, 2008). Underutilization of public
health services and limited physical access to primary health care can be a major
contributing factor to poor health in Africa (Buor, 2003; Nykiforuk & Flaman,
2008; Phillips, Kinman, Schnitzer, Lindbloom, & Ewigman, 2000; Tanser,
Gijsbertsen, & Herbst, 2006; Tanser & Le Sueur, 2002). Studies indicate that data
collected on health facilities utilization is vital in understanding geographic
accessibility, assessing the number of patients accessing services, and in defining
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health facility catchment areas at a national level. This catchment population,
when defined accurately, helps in analyzing the access gaps, commodity needs,
and interpretation of disease incidence (Alegana et al., 2012).
To achieve the benefits of GIS technology use in analyzing access to health
services, the main objectives to be considered are both mapping of the location
and of access to health facility services, and mapping of health facility needs and
services. Further analysis can determine how many surrounding households can
access services from a facility (Bailey et al., 2011). Hence, the implementation of
GIS technology can depend on access to integrated geospatial data on health
services utilization, and on access to outcomes and data that cut across human
service systems (McLafferty, 2003). The mapping of location and access to health
facility services enables researchers, planners and policymakers to identify
geographic inequalities and to determine specific community needs (RoseroBixby, 2004). Decision-making can address these inequalities of access to
enhance the use of resources by focusing on interventions in areas identified by
maps, the population size that would benefit, and where the impact need would
be greater. By combining this data using GIS technology, areas can be identified
where population access should be improved or population concentration with
inadequate access can be found. For instance, in South Africa, a study was carried
out to determine the HIV prevalence heterogeneity among pregnant women and
correlated it with the proximity of the women’s homesteads to roads, to define
catchment areas for community clinics and health service accessibility and
utilization (Tanser et al., 2006). In Uganda, GIS technology was used for service
availability mapping and for needs assessments, by identifying service delivery
gaps and presenting complex data into simple results. The study found
inadequate staff and stock-out of essential commodities in the lower health
facility levels (Chamla et al., 2007; WHO & MOH, 2006).
Due to the changing nature of health and diseases in different locations
and at different times, it can be suitable for health decision-makers to use GIS
technology to effectively meet the needs of the public. However, care must be
taken to ensure that data are collected in a way that is manageable to mapping,
and that users are provided with appropriate training and support (Nykiforuk &
Flaman, 2011).

2.3.3. Strategic Health Planning of Services
Public healthcare applications can involve GIS technology to plan health facility
accessibility and utilization, and to study service need, healthcare delivery, and
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to aid resource allocation. In Africa, GIS technology has been increasingly applied
in a strategic health-planning context, for informing the best allocation of
resources in location-allocation problems, and for monitoring the capability of
health sectors in achieving equitable service provision (Noor, Gikandi, Hay,
Muga, & Snow, 2004). The health planners can identify potential locations for
new health facilities, and evaluate each competing location for facility access by
using GIS capabilities to incorporate information on the demand for and supply
of care. In that instance, Africa’s poor communities living in rural areas are likely
to use the nearest health facility regardless of the standards of the care services
it provides, which makes the placement of the health facilities in rural areas vital.
It is important to site facilities in a way which maximizes access by the
population. GIS technology has also been used to estimate the optimal location
for a new health facility, to minimize distances potential patients need to travel
by taking into account existing facilities, transport provision, hourly variations
in traffic volumes, and population density (Tanser, 2006b). South Africa has
benefited from using GIS technology in identifying areas for placement of a new
facility in the Hlabisa health sub-district to increase the level of primary health
care accessibility (Tanser, 2006a, 2006b).
Additionally, GIS technology is being used in Africa to plan targeted
interventions based on public health management and resource allocation, drug
administration, improved immunization programs, controls, improvements, and
disease prevention by highlighting areas with significant high rates of disease
infection and incidence, as well as to predict which areas might be at future risk
and which may benefit most from future local population screening (Martin et
al., 2002; Sudhof et al., 2013). Thus, GIS technology is an important tool for
geospatial distribution of disease determinants and health outcomes including
analysis of geospatial and temporal disease pattern incidence and their relation
to environmental and socioeconomic causal factors(Higgs & Gould, 2001) in
Africa. For example, a study in Niger aimed to analyze the populations’ physical
access to health facilities by taking into account the effect of seasonal conditions,
implications of those conditions in terms of availability of adequate health
services, provision of drugs and vaccinations, and the mode of transport
(walking) (Blanford, Kumar, Luo, & MacEachren, 2012). They analyzed the
accessibility for vehicular travel by public health workers when carrying out
vaccination campaigns and related proactive health care activities, which
revealed that vaccination rates were strongly correlated with distance and
seasonal weather conditions. The authors highlighted critical areas in Niger
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where health services/facilities are lacking and stressed that overestimations of
the population served by health facilities are likely to occur if assessments are
solely conducted during the dry season. The study results indicate that mapped
outputs can be used for future decision-making processes and analyses. In Chad,
a study was conducted to design and implement a rapid and valid
epidemiological assessment of helminth (internal parasites like hookworm,
schistosoma haematobium) among schoolchildren. Ecological zones were
derived from remote satellite sensor data to investigate the environmental
distribution limits of helminth (Brooker et al., 2002). The prevalence of the
species showed geographic heterogeneity and the patterns showed a close
association with the defined ecological zones, as well as significant relationships
with environmental variables. The study concluded that GIS and remote sensing
can play a vital part in the rapid planning of helminth control programs where
little information on disease burden is available. In Kenya, a study was
undertaken in four districts where GIS technology was used to measure
disparities in inter-district access to health services in the aim of the
international and national objective to roll back malaria (Noor et al., 2003). The
physical access across the districts highlighted areas of poor access and larger
differences between urban and rural settings. Thus, the results of the study have
implications for planning and monitoring equitable delivery of clinical services
at national and international levels.
More African studies used GIS technology for strategic health planning for
facilities. For instance, Noor et al.’s (2009) study was aimed at public health
sector planning, Kaijuka’s (2007) study concerned health-risk-targeting health
centers and was aimed at an energy-demand distribution for electricity planning
(Kaijuka, 2007) and Tanser’s (2002) study was aimed at equitably distributing
fieldworker workload through a large population-based survey in South Africa
(Tanser, 2002). Once thought of as a research tool, GIS technology is being
applied more in Africa to answer complex problems, and to provide information
for optimal resource allocation.

2.3.4. Community Health Profiling
In many communities, healthcare providers, public-health officials, community
groups, and the public are concerned about connections between the
environment and the public health (Pine & Diaz, 2000). The authors note that,
the relationship between health outcomes and the environment is complex, and
information in the form of a community profile can guide the concerned parties
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in understanding how the environment may be affecting public health. This
relationship is normally influenced by a combination of factors, such as weather
conditions, rural or urban nature of the community, access to health care, and
family income. Thus, community health profiling is the mapping and compiling
of information concerning the overall health of a population within a community,
through the use of sociodemographic factors (gender, race ethnicity, age),
socioeconomic status (education, poverty), health behavior (alcohol or tobacco
smoking, drug addiction, sexual practices), environment policy (smoking ban,
pesticide legislation), and disease mortality and morbidity, among others
(Nykiforuk & Flaman, 2011). This information can be linked with geospatial
location of community infrastructure, such as religious affiliations, schools,
health facilities, roads, public utilities, and grocery stores (Nykiforuk & Flaman,
2008). This allows for an analysis of the general relationships between health
outcome and environmental setting. In the city of Bo, Sierra Leone, a communitybased mapping approach was used to show that participatory GIS use can
provide information helpful for health and community development (Ansumana
et al., 2010). The authors highlight that the participatory GIS process allowed for
the rapid determination of sectional boundaries within the city, and when
combined with data about hospital laboratory visits, a catchment area for one
hospital in the city was established. A survey of households from within the
catchment area determined that the average population per household was
similar to that found in the 2004 census, and the average house was inhabited by
more than one household, for an average of 17.5 inhabitants per residential
building. This is critical information to know when estimating population size
using remote sensing images that can detect and enumerate buildings. The study
concluded that the methods developed serve as a model for the involvement of
communities in the generation of municipal maps and their application to
community and health concerns.
Community health profiling can be used as a basis for comparing the
characteristics of one community with those of another, a city, or a country with
even smaller geographic units, such as incorporated places, zip codes, census
tracts, and census block groups (Pine & Diaz, 2000). Hence, GIS technology can
be used for understanding the link between people and their environment; this
helps ensure that the health needs of the target communities are met. In Africa,
community health profiles can improve local health users’ and planners’ access
to data, and allow local government to engage diverse stakeholders in a
partnership within a health region to improve community health. Community
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profile provides baseline information from which public health officials can
identify potential health-related problems in a community (Latkin, Glass, &
Duncan, 1998; Pine & Diaz, 2000). The public health decision-makers and
providers could use the data obtained from GIS-based profiles to identify and
examine potential environmental or disease exposures in a community, to
predict disease distribution, to track changes in the health of the community, to
plan prevention programs and target resources to the needy population, to
identify disparities in health outcomes between communities, to develop policies
that effectively support public health, and to justify screening tests and other
health interventions like medical diagnosis and treatment, and testing for
sexually transmitted diseases (Martin et al., 2002; Pine & Diaz, 2000). On the
other hand, GIS frameworks can be used to integrate multisectorial data, and to
easily visualize the extent of the health problems in relation to the surrounding
environment as well as existing and social infrastructure like roads, schools, and
health facilities (Gall, 2004). However, data-joining in community profiling must
be undertaken with great care, and individual privacy and ethics should be taken
into consideration. Frequently, secondary data sources can be linked in such a
way that public users of the data can identify individuals. Thus, it is necessary to
protect one’s individual identity by producing data at map formats with scales,
or aggregations that protect the integrity of the data’s intended use and the
confidentiality of the individuals these represent (Nykiforuk & Flaman, 2011).
GIS technology is continuously being used in Africa in the development of
health information community networks as a tool for health workers and
community groups. These networks have enabled citizens, organizations, and
communities to exchange geographically based information on community
health statuses. Through networks, the public and community groups has been
able to share information, prioritize issues, plan, organize, manage, and evaluate
programs that deal with community health issues (Djukpen, 2012). Several
studies used GIS technology in community health. In Ghana, health information
community networks were developed to exchange geographically based
information on community health statuses (Owusu-Banahene, Nti, & Sallis,
2010) and in Zambia community access to HIV Sentinel clinics in relation to other
health clinics was assessed (Moise et al., 2011).

2.3.5. Built Environment and Neighborhoods
Given the advances in methodological tools like GIS, this has come in part to help
Africa sort its health issues. GIS technology has made the procurement of data
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related to the built environment easier, and provided researchers with the
flexibility to create a new generation of environmental exposure measures of
different land uses, like calculation of travel time to the nearest supermarket or
restaurant, identification of recreational sites, or calculation of the amount of
neighborhood green space (Gray et al., 2012). Given the rapid advances in the
availability of GIS data and the ease of GIS software (open source), the use of GIS
technology to assess the built environment is timely in Africa. A neighborhood is
a geographically localized community within a larger city, town, or suburb
(Cutchin, Eschbach, Mair, Ju, & Goodwin, 2011). However, in Africa, there are
limited studies that have been conducted to compare the distance between
children’s residence, playgrounds, and fast food restaurants, to determine the
geospatial distribution of fast food restaurants and compare their location with
sociodemographic characteristics of the neighborhood, analyze geographic
distribution of overweight, examine geographic differences in risk factors
surrounding obesity, characteristics of high traffic and poverty, homicide rates
and green space, aspects of the nutrition and physical activity environment (Turi,
Christoph, & Grigsby-Toussaint, 2013), and explore the association between
communities and substance-abusing individuals living within the communities.
In South Africa, for instance, GIS applications have been used to explore whether
or not there was an association between the location of substance obtainment,
place of abusing arrestees, and the locations identified as their social interaction
sphere (Weir-Smith, 2004). The author noted that as the drug users expand their
activity scope, they also expand their crime area. The expanded behavior was
geospatially analyzed and used to identify hot spots and priority areas for police
intervention, and to predict areas where substances can be expected to be
obtained.
The built environment refers to man-made structures that may facilitate
or hinder an individual’s ability to be physically active. It comprises of urban
design, land use, physical features, and transportation systems (Handy, Boarnet,
Ewing, & Killingsworth, 2002). GIS approaches can be used to determine the
association between environmental characteristics and physical activity
patterns, to determine the relationship between built and natural environment
if there are associated declines in physical activity as a result of non-motorized
transportation becoming inconvenient (McGinn, Evenson, Herring, Huston, &
Rodriguez, 2007). GIS technology can also be used to investigate how recreation
and leisure activities can help prevent emotional and behavioral disorders
(Stanton‐Chapman & Chapman, 2006). In recent times, built environment role in
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explaining the geospatial patterning of obesity has received much attention in
the public health and epidemiology literature in the developed countries (Feng,
Glass, Curriero, Stewart, & Schwartz, 2010; Papas et al., 2007), but still limited in
African studies. Obesogenic environments are built environments which are not
conducive to physical activity or that encourage unhealthy eating (Booth,
Pinkston, & Poston, 2005; Thornton, Pearce, & Kavanagh, 2011). Studies have
shown that features of the built environment exert an influence on physical and
mental health as well as health behaviors independently of the
sociodemographic characteristics of the people living in these places (Grafova,
Freedman, Kumar, & Rogowski, 2008; Kim, 2008). A study in Mali aimed to
describe geographic and health variations of women of reproductive age, to
describe geographic variations of households salt iodine levels, and to
investigate potential factors associated with women’s anthropometric status and
their use of adequately iodized salt among households (Gewa, Leslie, & Pawloski,
2013). Of these women, 19% were overweight or obese, while 11% were
underweight. The study discovered that 78% of the households utilized
adequately iodized salt. Underweight women were more prevalent in southern
Mali, while obesity was more frequent in northern and eastern Mali and in major
urban settings. Cartographic analysis was used to provide a broader
understanding of the factors influencing nutritional status and discovered that
households located within the southern parts of Mali were more likely to use
adequately iodized salt. Education status, age, modern contraceptive use, breast
feeding, and household wealth index were significantly associated with the
women’s body mass index or household’s use of adequately iodized salt. The
study concluded that the combined use of statistical and geographic system
analysis contributes to improved targeting of interventions among vulnerable
populations.
Additionally, in Africa, GIS technology has been employed as a tool to help
public health decision-makers understand peoples’ relationship to food in the
environment, examine risk factors, identify hot spots, and examine the
nutritional status, underweight, overweight and obesity among children and
adults, to design interventions and policies that target high-risk areas and
populations (Pawloski, Curtin, Gewa, & Attaway, 2012; Turi et al., 2013). The
studies concluded that there were geographic variations, and defined patterns
concerning the distribution of malnutrition among mothers and children in
Kenya. Moreover, in Uganda, overweight and obese women were significantly
more likely to have overweight children, and overweight was correlated with
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being in the highest wealth class and residing in an urban but not a conflict-prone
area. The study done in Uganda study demonstrated that demographic and
health survey data can be used to assess geographic clustering and burden of
diseases, and to identify risk areas and population groups at risk, which allows
for targeted programs and policies for preventive measures and treatment to
reduce the burden of overweight and chronic diseases.

2.3.6. Health Education
Health education is another application in public health where GIS-enabled
internet sites can be utilized as an outreach vehicle for the community to
promote healthy behaviors by documenting where the populations are located
that have the greatest need of improved health information (Boulos, 2004). In
Tanzania, a study aimed to establish health-seeking behavior of human
brucellosis cases, and to explore feasible ways to improve its treatment (Kunda
et al., 2007). The majority of cases gave a history of visits to hospitals as the first
point of care, 10.2% purchased drugs from a nearby drug shop before going to a
hospital, and 2% went to a local traditional healer first. Brucellosis cases delayed
going to a hospital due to the distance to the hospital, keeping animals,
socioeconomic status, self-medication, expectations of symptoms improvement,
poor health infrastructure, and knowledge of brucellosis. GIS technology was
used to map the coordinates of both brucellosis household cases and hospitals,
to determine the distance in kilometers between the hospitals and the
households. By doing so, it becomes easier to follow-up cases to collect data on
health-seeking behavior of human brucellosis cases. The authors of this study
recommended more efforts to be put on improving the accessibility of health
facilities to the rural poor people who succumb to most diseases. The authors
also encouraged Tanzanian health education on brucellosis to stress the
importance of early presentation to hospitals for prompt treatment.
As the community is always the main beneficiary of national geospatial
information, offering full access to data and information should be encouraged,
taking into consideration national security safeguards and confidentiality. GIS
technology can be used to map broadcasting companies such as radio stations
and determine their locations and distributions, to enable them to broadcast
health education programs to a wider population. Today, Africa’s health status is
affected by cultural norms and religious beliefs through human behavior,
lifestyle, and human health; for instance, teenagers’ sexual purity and its effects
on the rates of sexually transmitted diseases such as HIV/AIDS, and teenage
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pregnancy. So radio stations can be used to communication platform to
broadcast health education programs (e.g., premarital sexual abstinence
programs and antismoking campaigns) by identifying a good channel to reach
more people, and to positively modify their behavior through education
programs (Richards, Croner, Rushton, Brown, & Fowler, 1999). For example,
Gavin described how GIS technology was used in a poverty mapping initiative in
South Africa with a combination of sanitation and safe water supplies
information to create a strategy for containing a cholera outbreak in KwaZulu
Natal province. Data on illiteracy rates, dwelling types, and lack of basic services
formed the basis for an effective targeted health education campaign (Gavin,
2002).

2.3.7. Crisis Management
Crisis management, disaster, and humanitarian emergency responses are areas
of public health that have benefited from capabilities of GIS technology in
assistance-providing institutions’ planning for, responding to, and monitoring of
emergencies, as well as calculating travel time to determine the effective
response time zones for the provision of emergency-care services in Africa
(Croner, Sperling, & Broome, 1996; Kaiser et al., 2003). Today, the process of
decision-making and planning depends on the use of GIS technology, satellite
images and computer-aided systems, such as GPS, which can gather and analyze
information and data on geographic locations (Kaiser et al., 2003). The use of GIS
technology as a tool can provide decision support for emergency referral
systems (Bailey et al., 2011), and five emergency management phases: planning,
emergency prevention, preparedness, response, and recovery (Silva, Eglese, &
Pidd, 2002). For example, in Ethiopia, a study aimed to show how GIS technology
can be used by health planners to make informed decisions about interventions,
to increase access to emergency services (Bailey et al., 2011). The population
percentage served by facilities that are within a two-hour transfer time to a
hospital with obstetric surgery increased, as did vehicles and communication
capability. The authors concluded that GIS mapping and modeling enables to
understand the population’s access to health services. Furthermore, an
emergency referral system with the provision of vehicles, communication, and
the upgrading of health centers to first-level referral hospitals can rapidly
increase access to life-saving services.
Crisis management needs collective and collaborative efforts in all phases,
and is time-crucial during emergency responses where all participants need to
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be coordinated by emergency management decision-makers and coordinators
(Fuhrmann, MacEachren, & Cai, 2008). Kaiser et al. (2003) highlight that, due to
Africa’s unending wars, UN Agencies such as WHO, USAID, UNOCHA, WFP, and
UNHCR offices have opened GIS sections to assist in providing mapping services
and vulnerability assessments in conflict areas. These agencies have created a
GIS interagency system linking their databases where they are continuously
increasing GIS capacity to their programs. On that note, GIS technology can be
utilized in combination with satellite images, sensor web, citizen sensing, and
social Web technologies to monitor public and environmental crises to provide
information to the public and to encourage their contribution to support crisis
management (Kamel Boulos et al., 2011).
Kaiser et al. (2003) identified GIS applications in humanitarian
emergencies, such as hazard, vulnerability and risk assessment, rapid assessment and survey methods, disease distribution and outbreak investigations,
planning and implementation of health information systems, data and program
integration, and monitoring and evaluation. The authors note that GIS
technology is used in these areas to provide information and maps for advocacy
and decision-making, and to improve data collection, especially in rapid health
assessment or mortality surveys. GIS technology can be used for risk assessment
to make predictions on mortality or morbidity through examining the interaction
between the hazard and vulnerability of the population, planning and logistics,
and to determine the magnitude and severity of the situation and amount of
resources needed, and the feasibility of an emergency intervention (Kaiser et al.,
2003). GIS technology and related tools can be used to map an area for site
planning, investigate disease outbreak, identify the magnitude of and resources
needed for the crisis, inform about environmental conditions, transport routes,
habitable land and availability of food, water and fuel. For instance, maps and
optimal driving routes can be used to determine efficient and effective routes
regarding time utilization in rescue missions in time of crisis, number of disaster
places visited, distance covered, and vehicle fuel consumption (Kaiser et al.,
2003). GPS devices can be used by mobile rescue mission officers or affected
victims to guide them on easy-to-follow GIS-generated routes, and to give driving
directions based on users’ starting location.
Using GIS technology through a Web-based interface can enable rescue
mission officers to quickly find the nearest health facility, water source or
latrines, food distribution sites, or building structures where victims can get
shelter, and to quickly identify affected areas, population size and the extent of
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the disaster damage which can be used to assess access of the population to
essential services (Kaiser et al., 2003). Health decision-makers can use this
information for planning and resource allocation (health medical personnel,
latrines, food and water distribution sites), for determining the scope of the
emergency, and for providing accurate population denominators for health
indicators (Kaiser et al., 2003). Some studies have used GIS technology in crisis
management. In Mozambique, Gall (2004) explored the accessibility of
emergency shelters for vulnerable populations. In Kenya, GIS technology was
used to assess the actual existence and functionality of emergency obstetric care
(EmOC) services by mapping the distribution of health facilities, the number of
facilities providing EmOC, and caesarean-section rates (Echoka et al., 2013). The
study identified gaps between the existence and functionality of EmOC services,
which revealed the health systems conditions contributing to a lack of
improvements in maternal survival in Kenya. The study results have
considerable implications for policy and local priority-setting.

2.3.8. Risk Analysis
The use of GIS technology for risk analysis is usually linked with environmental
health exposures which include risk assessment, communication, management
or monitoring (Nykiforuk & Flaman, 2011). Risk assessment is a scientific
process of evaluating hazards and the likelihood of exposure to those hazards,
and then estimating the resulting public health impact (Kaiser et al., 2003). With
the help of GIS technology, risk assessment can provide understanding of the
impact of a wide variety of variables by answering questions such as: what are
the factors that result in risk to the public’s health, what is the likelihood of harm,
how much harm could occur, or by how much can that harm be reduced by
various intervention strategies (Kaiser et al., 2003). Risk analysis tasks examine
hazardous waste or pollution exposures, proximity to industrial sites or traffic,
or residence in a locality with features that may raise disease, such as poor social
conditions, lack of access to healthcare, and landscape areas encouraging vectors
(Bergquist, 2001; Brody, Peck, & Highfield, 2004; Nykiforuk & Flaman, 2011).
The use of GIS technology to improve risk analysis is a well-established
application that allows researchers and decision-makers to relate many different
sources of environmental exposure to the residential locations of people over
time in a simple, objective manner (Ekpo, Mafiana, Adeofun, Solarin, & Idowu,
2008; Jarup, 2004; Nykiforuk & Flaman, 2011). The aim of the analysis is to
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produce risk maps providing disease distribution, to define areas for intervention, to identify urgent need, to prevent outbreaks and epidemics, to increase
the effectiveness of control efforts, and to estimate the number of people at risk
(Ekpo et al., 2008; Kaiser et al., 2003). For instance, epidemiological knowledge
of disease outbreaks is combined with GIS technology to help prevent additional
victims from being harmed by disease aftershocks (Guptill, 2001; Nykiforuk &
Flaman, 2011). In addition, GIS approaches have shown to be an effective tool for
displaying environmental risk factors and the associated potential health effects
(Choi, Afzal, & Sattler, 2006; Fleming, Merwe, & McFerren, 2007). GIS risk
analysis is always integrated with disease modeling to effectively determine how
human beings interact with their environment and how that interaction affects
their health (Tatem et al., 2012). This is done in order to understand complex
hazard risks and to provide support for risk decision-making.
The literature indicates that risk-related analysis also known as risk
mapping, risk management, risk communication, risk monitoring, risk evaluation, vulnerability analysis, or emergency planning can be used to explore the
potential impacts of physical environment, landscape ecology, or climate change
on human health, which is valuable for policy development (Contini, Bellezza,
Christou, & Kirchsteiger, 2000; Nykiforuk & Flaman, 2008). For instance,
Nykiforuk and Flaman (2011) explained that the WHO uses GIS technology to
map environmental health risks in the European region (Kuchuk, Krzyzanowski,
& Huysmans, 1998) and the whole world to monitor the effects of disease control
policies on the improvement of environment and health in the population (WHO,
2004).
This
resulted
in
the
Health
Mapper
system
(http://www.who.int/emc/healthmap/healthmap.html), with a global mapping
capability for snail-borne disease epidemics. The information facilitates
management at the district or county level to relate it to population distribution,
environmental data, and basic health and social infrastructure, and to allow it to
be regularly monitored and updated using national health statistics and survey
results (Brooker, Rowlands, Haller, Savioli, & Bundy, 2000; Myers et al., 2000).
Nykiforuk and Flaman (2011) further emphasized that risk analysis is
normally information-intensive: It integrates data from secondary, field
(primary), and satellite (remote sensing) sources in building the exercise to be
executed. This data from different sources helps to facilitate risk modeling and
disease risk prediction (Fleming et al., 2007), and is often combined with disease
modeling to estimate and evaluate environmental disease hazards for a given
population (Nykiforuk & Flaman, 2011). Nykiforuk and Flaman (2011) provide
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an example: In Nigeria, risk analysis and GIS technology use were combined to
evaluate the health impact of water sources in the prevention of diarrheal
diseases (Njemanze, Anozie, Ihenacho, Russell, & Uwaeziozi, 1999). GIS
technology was used to convert the results of the risk analysis into meaningful
information that was easy to understand, which enabled decision-makers to
apply the results during policy development for water resource management in
developing countries. In Algeria, landslide hazard zonation was done to produce
maps that can be used to mitigate hazards, and to plan land use and urbanization
(Hadji et al., 2013).
“Whilst there have been numerous critiques of the application of GIS
technology to developed world health problems it has been less clear whether
the technology is both applicable and sustainable in an African setting” (Tanser
& Le Sueur, 2002). We therefore do not agree with some scholars who say that
GIS technology is not applicable in Africa. There are several African GIS-based
applications reported in the GIS literature which have helped to visualize
geospatial patterns of risk for exposure to malaria parasites, for generating maps
to track the trends of the disease, for surveillance and monitoring disease
incidence and prevalence, to support control efforts. Many of these applications
involve mapping applications covering a range of diseases from vector-borne
illnesses to communicable diseases to cancer in rural and urban areas in Africa.
Health facility access, utilization, and planning are areas of GIS application which
have been used and reported on extensively in an African setting. Additionally,
studies have been conducted using GIS approaches for water risk assessments
and mapping to determine environmental exposure to water contaminants, to
determine risks associated with environmental exposure to soil contaminants,
risks associated with environmental exposure to air pollution, mapping of health
outcome, and the analysis of spatial relationships between environment and
health in Africa.

2.4. Barriers of GIS Technology Use
Joyce (2009) reported that although GIS technology is a vital tool for decisionmaking when applied in a multidisciplinary context, it is in no way a solution for
practice. This is because GIS outputs can be misinterpreted or used erroneously,
and this partly explains the resistance to its use. Other reasons for low uptake
and utilization of GIS technology, especially in Africa, include technical and
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financial resource constraints, lack of suitable organizational frameworks and
strategies, and low levels of understanding (Babalobi, 2007b). As a result, despite
clear-cut evidence of benefits of using GIS technology with a combination of
related technologies in public health, its use in health service planning and
provision is very low (Tanser & Le Sueur, 2002). Thus, it is vital to be aware of
limiting barriers to GIS technology adoption in Africa, as some are briefly
discussed below.
Data limitation access and lack of suitable datasets are a problem to the
growth of GIS technology use, and have been faced by GIS users for decades in
Africa (AU, 2007; Tanser & Le Sueur, 2002). Inadequate data on infectious
diseases like measles may hamper effective management of epidemics. Yet,
access to data is vital to any GIS application, although difficult and expensive to
collect (Briggs & Elliott, 1995), and this is a challenge to the public health sector
and all sectors or individuals using GIS technology.
Lack of digitalized datasets, poor vital registration, and health statistics
and remotely sensed data. Africa has not kept pace with the developments of
remote sensing data, which has made the continent to lack ability to extract
meaning and make useful decisions from remotely sensed data (Tanser & Le
Sueur, 2002). However, according to Ansumana et al. (2010), low availability of
digitized maps and address systems, accurate population distributions, and
computational tools has complicated the use and application of spatial
epidemiology data in Africa. Data collection and conversion of paper maps and
data into digital format is time-consuming. Relevant, accurate and up-to-date
geospatial data must be available before GIS technology can be used effectively.
Although geospatial data can now be accessed freely via the Internet, the
information is not detailed enough yet for local-scale health applications.
Security issues, privacy and confidentiality of individuals’ data hinders
data access, which limits GIS technology use (Armstrong & Ruggles, 2005;
Armstrong, Rushton, & Zimmerman, 1999; Vanmeulebrouk et al., 2008). Even
when data exist, it is often difficult to link the data due to different data formats,
although Tanser and Le Sueur (2002) stated that incompatibility issues have
been sorted to some extent. In some cases, paper or digital format data may exist,
but government may restrict their use for confidentiality/privacy and national
security reasons. This problem of confidentiality/privacy applies to detailed
personal data of individuals collected on the ground or through Internet, which
sometimes can cause protests when the public realizes that individuals are
identified and tracked in GIS databases.
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Lack of appreciation and understanding of the issues of GIS scales from
sole players is another challenge to the growth of GIS technology use in the public
health sector in Africa (Tanser & Le Sueur, 2002). Decision-makers do not
understand GIS applications as a result of low levels of both awareness and
sensitization on the capability and benefits of GIS technology use. GIS users are
not always able to properly market and demonstrate their applications to
decision-makers. The GIS users focus their attention on technical aspects and not
on the fact that GIS technology is easy to use as a decision-making and planning
guide, quickly makes maps, and provides maps that are easier to understand
than tables. As a result, decision-makers do not understand what GIS technology
does and what it can do, so interpreting scales and getting financial support
continues to be a problem (Tanser & Le Sueur, 2002).
Financial resource implications of hardware and software (Mullner,
Chung, Croke, & Mensah, 2004; Vanmeulebrouk et al., 2008). Using GIS
technology requires a considerable investment, a modern computer with
relevant software and data storage capabilities, data collection, managing data,
and hardware such as a scanner and a digitizing tablet for converting geospatial
data into digital format. Thus, GIS technology use comes at a significant cost
(Mullner et al., 2004). The fear engulfs due to donor fragmentation, lack of longterm predictable financing, and overreliance on project support (UN et al., 2008)
as GIS technology use is mostly initiated by donors. However, as Tanser and Le
Sueur (2002) argued, these problems have become less over the last decade, as
was written 12 years ago, because the hardware and software have become
cheaper.
Lack of skills and qualified staff with capabilities to use GIS technology is
frequently mentioned in the literature (Mullner et al., 2004; Tanser & Le Sueur,
2002; Vanmeulebrouk et al., 2008) as a barrier to adoption. Hence, more GIS
courses and hands-on training for health professionals should be provided that
enable them to ask the right questions to accurately interpret findings for the
benefit of the clients.
Lack of software extensions/functions that perform geospatial analysis
like network analysis and spatial analysis (location-allocation) are a problem to
GIS users in developing countries (Fonseca Nobre, Luiz Braga, Pinheiro, & dos
Santos Lopes, 1997). The GIS software vendors mostly sell it without these
extensions which are sold separately and are unaffordable for departments.
Misinterpretation of results or misuse of GIS technology (Mullner et al.,
2004; Tanser & Le Sueur, 2002) is related to a lack of training. Although it is
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possible to find training courses for basic knowledge of GIS technology, it is
difficult for most African individuals to find training on the use of GIS technology
for understanding public health. Boulos (2004) noted that the time and training
costs offered by GIS commercial agents and solution-providers is very expensive,
and customized GIS training programs for public health professionals are
limited. So time needed for training can prove to be a burden for health
organizations in which demands on personnel are high. At this juncture, it is
critical to note that as a simplification of reality, maps can be a source of
information, but they can also lie or mislead.

2.5. Suggested Measures to Address Barriers
Whereas serious obstacles remain in the widespread and effective adoption of
GIS technology in Africa, some specific responses that may help are discussed
below.
To overcome data limitation access: Tanser and Le Sueur (2002) as well
as Clarke et al. (1996) suggested in order to increase GIS technology access and
use, and to reduce data collection expenses that there are similarities in the field
desires for using GIS technology between ecology, forestry, archaeology and
epidemiology that would provide benefits by sharing of experiences and the
pooling of resources, even though Africa’s geospatial data collection efforts are
conducted in an uncoordinated and decentralized manner. Hence, there is a need
for funding priority, and encouragement for inter-sectorial collaboration. So to
increase data access, Africa should focus on building projects like Global Spatial
Data Infrastructure (GSDI) (Holland, Reichardt, Nebert, Blake, & Robertson,
1999) embedded within which Spatial Development Initiative (SDI)-Africa
project and Environmental Information Systems (EIS)-Africa (Gavin, 2002)
projects, which aim to provide ready access to geospatial information to support
decision-making at all scales for multiple purposes.
Additionally, governments can force policies and practices that promote
public access to geospatial data enabling exchange and reuse of information. This
can be achieved by developing new policies and revising old ones. A broad-based
national committee of data users and producers, researchers, the private sector
and other stakeholders should be created to oversee geo-information policy and
standards development to ensure compliance (Gavin, 2002) and to increase the
participation and leadership of the private sector in the GIS field. The private
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sector is a major engine of growth and development, and it has traditionally
shown more eagerness in adopting and implementing new technologies, partly
due to the profit motive.
To address the challenge of poor vital registration and health data
statistics and digitalization of datasets such as of 1:250,000 and 1:50,000
cartographic maps, countries should digitize them to enable easy use of GIS
technology. This will result to a widespread availability of small-scale digital data
greater than 1:50,000 for African countries. Hence, the most cost-effective way
to address the African problem of a lack of digitized data, poor vital registration
(births, deaths, migrations), and a lack of health data statistics on a routine basis
is to establish sentinel georeferenced demographic and health surveillance
systems (Tanser & Le Sueur, 2002). This can enable the clarification of smallscale disease patterns that can be modeled using coarser resolution data and the
coverage extended. Tanser and Le Sueur (2002) and (INDEPTH Network, 2002)
note that the INDEPTH network is a network of sentinel surveillance sites of
which 23 are located in Africa. The sites intensively follow up on a selected
population over time, collecting highly accurate demographic, vital event and
health data on a routine basis. On that note, these sites can contribute to African
understanding of diseases with ill-defined relationships to the surrounding
environment due to the detailed collection of disease covariates. On the aspect
of lacking remotely sensed data, Africa has a privilege to know that a large
number of remotely sensed datasets already used in health are available at
nominal cost or free of charge. With the emergence of new technologies and
techniques within remote sensing, there is great improvement in the quality of
datasets, GISs and related research products.
To overcome decision-makers’ low appreciation of the nature and role of
GIS applications, Gavin (2002) suggested awareness-raising campaigns and
activities based on examples and demonstrations of successful GIS technology
use on real-world, practical GIS scenarios aimed at key policymakers and
decision-makers in the health sectors. The authors also suggested creating a
formal national program to enhance awareness and generate support. Decisionmakers or policymakers should be involved in the process of GIS initiation
through awareness training, briefings and policy dialogue, organizing
conferences on GIS technology use, conducting studies on the implementation of
GIS technology, and supporting professional development. For example, in a
report commissioned by the WHO, a program of action to advance environmental
health hazard mapping in Africa through awareness-raising based on real-world
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examples and demonstrations of environmental health hazards mapping was
suggested to be aimed at decision-makers (Briggs, 2000).
To address financial implications of hardware and software which is a
burden to most African countries. Open-source GIS software can be used to
develop a system to provide health sector users with spatial information
(Vanmeulebrouk et al., 2008). For example, in South Africa, an open-source GIS
software prototype system for planning and management for HIV/AIDS
problems was designed and developed due to resource constraints of the local
government. The prototype system illustrated that it is possible to develop an
open-source GIS system that can be used within the context of local information
management. The usability tests done on the system showed a high degree of
usability considering the heavy workload and high staff turnover, showing the
potential for GIS technology use as a communication tool. The study concluded
that open-source GIS software can be used to develop a system to provide locallevel stakeholders with spatial information.
To overcome the shortage of staff suitably qualified for GIS technology
use, education, training and continuous capacity-building should be considered.
Boulos (2004) suggested that sharing education, training resources and
experiences by the public health sector organizations is vital for capacitybuilding, and that universities should be encouraged to work together with
health organizations for continuing professional development. It was also
recommended that governments spearhead the specific development of human
resources in GIS through the inclusion of structured GIS courses at various levels
of study, all the way from secondary school through higher education and
professional training. Tanser and Le Sueur (2002) also suggested that, for GIS
technology use to be useful and effective in Africa, it must be introduced by local
scientists who understand the technological and the socioeconomic context in
which the systems are to operate. There should be sufficient financial resources
for training, to create the capacity required to collect, manipulate, interpret, and
distribute geospatial information which will lead to an increase in terms of data
needs. Retaining technical expertise within institutions using geospatial
information should be taken seriously, and capacity development of African staff
should be given priority (Gavin, 2002).
To address issues of misinterpretation of geospatial results or misuse
which is related to a lack of training, Boulos (2004) suggested that training, its
costs and the time needed should be considerably taken serious, and the training
on GIS technology in public health should cover epidemiological methods to
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ensure proper use of GIS technology. Scholars also advocate training materials
such as CD-ROMs and self-instruction, Web-based courses to be offered in
various formats to enable distance learning and to encourage public health
specialists to value and recognize continuing education credit for individuals
participating in GIS software training.

2.6. Conclusions
As good health is vital for human welfare, sustainable economic and social
development, GIS application is now accepted and used in public health in Africa.
A GIS is a vital system to lighten how the public interrelates with their
environment to create health (Ricketts, 2003). GIS technology use is becoming a
vital concept today in public health, as built-in geospatial analysis tools can
provide excellent means for visualization and analysis of data, revealing trends,
dependencies, and interrelationships in Africa. GIS technology use in public
health in Africa is still in its infancy but like most new technologies, there is a lot
of promise, and there are many pitfalls. In our review, we noticed that GIS
technology can be utilized for communication of information and, the evaluation
of disease outbreaks and for the allocation of resources towards their
containment and prevention. Using GIS technology can help users in Africa
understand the potential harmful effects of environmental pollutants (e.g., toxic
waste sites) and of the occurrence of crimes or injuries. The use of GIS technology
can help the health environmental monitors to measure air and water quality,
and other exposures that are potentially deleterious to human health with
geospatially referenced precision and integrated analytically with other health
predictor variables and outcome data (Boulos, 2004).
Additionally, our review findings have shown that GIS technology can be
used as an effective decision-support system to address and reduce a variety of
vector-borne and other infectious diseases of Africa’s public health problems.
Hence, “the value of GIS as a surveillance system for vector-borne and infectious
diseases can be measured by its ability to provide timely, accurate, complete data
for action to people responsible for effective prevention and control activities
and its ability to provide ongoing feedback to primary gatherers of information”
(Jelinek et al., 2002). The maps have been established as the best means of
communicating disease distribution and awareness, as well as identifying health
gaps (Chamla et al., 2007).
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Furthermore, we also established that GIS technology can be widely used
for developing prototypes for disease surveillance and health facility
management (Busgeeth & Rivett, 2004). Our review notes that the use of GIS
technology in environmental epidemiology studies is feasible and can lead to
decision-makers having a better understanding of the association between
environmental contaminants, disease, and health (Cutchin, 2007). GIS
integration with environmental and epidemiological research leads to the
creation of maps that present complicated relationships in ways that are
relatively easy to interpret. These maps can be used to inform development of
exposure prevention policy, and to enhance translation of information back to
the community (Miranda & Dolinoy, 2005).
However, to achieve the full benefits of GIS technology use noted in the
interrelated areas of public health, social, economic, and pastoral services, there
is still a need to address many cultural, organizational, and geospatial illiteracy
barriers among field workers in Africa, while making the tools cheaper and much
easier to learn and use. Professional education and hands-on training courses in
GIS are extremely important in achieving this goal (Foody, 2006; Kamel Boulos,
Roudsari, & Carson, 2001). On top of this, in order to capitalize on GIS capability,
one needs to keep the potential problems and hindrances in mind. To some
extent, GIS technology use hindrances can be reduced through raising awareness
of concerns and development of new tools (Koch & Denike, 2004),and addressing
basic issues such as the approach to geocoding (Rushton et al., 2006) and
catchment design (Shortt, Moore, Coombes, & Wymer, 2005), as these can greatly
impact analyses and the interpretation of the results. In addition to the wellknown use of GIS technology for mapping disease variables and several public
health activities (Caley, 2004), it has a useful role in policy-related studies of
public health utilization and accessibility.
Despite the challenges Africa faces in using GIS technology because of its
high implementation costs and level of expertise, GIS technology has been
considered as a great promise for health research and development in Africa
(Tanser, 2006a; Tanser & Le Sueur, 2002), since public health desires spatial
information to implement suitable actions, and GIS technology generates this
kind of information. The global trend towards increasing availability of remote
sensing data sets, towards faster, user-friendly, and open-source software, and
towards more powerful computers and reductions in prices combined with the
magnitude and nature of Africa’s disease burden and lack of reliable disease
statistics make a viable, relevant, and powerful technology for Africa.
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CHAPTER 3
Assessing the Nature of GIS Technology Use in Health
Sector Organizations in Uganda
The study described in this chapter examines the uses of Geographic Information
Systems (GISs) in health sector organizations in Kampala, Wakiso-Entebbe, Gulu
and Rakai, in Uganda. Of the 75 participating organizations handling healthrelated activities in Uganda, 43 organizations were and 32 were not using GIS
technology. The study’s aim was assessing the nature of GIS technology use in the
studied organizations, and identifying the users of GIS technology and types of GIS
training received by GIS users, and purpose of GIS technology use in the
organizations, the rationale behind the organizations’ GIS technology use, and the
activities for which GIS technology has been used. In this study’s qualitative
approach, snowball interviews helped identify the participating organizations. The
results show that even though many organizations use GIS technology, GIS
technology use is project based in Ugandan health organizations. Once a project
has ended, most organizations stop using GIS technology until another GIS-based
project is implemented. Furthermore, even though GIS benefits can be articulated
in the health sector, most organizations are lacking the skills and knowledge to be
able to adequately apply GIS technology during activities. This study also indicates
that GIS technology has only been scarcely used for activities indicated in GIS
literature (e.g., surveillance disease modeling, crisis management, and risk
analysis), and widely in health care research and management, community health
profiling, disease mapping, and strategic health planning. However, it has neither
been used in built environments and neighborhoods, nor in spiritual health. The
results also show that GIS technology can be used in communication and advocacy
of services, coordination and monitoring of immunization programs, fleet
management, vehicle and health-commodities tracking, food security, and
health/nutrition livelihood. Furthermore, the results indicate that despite obvious
reasons for applying GIS technology in these activities, organizations tend to use
basic GIS techniques, and when advanced methods are used, these are outsourced
to external contractors with expertise. This illustrates a significant GIS under
capacity within the studied health sector organizations. Conclusively, this study
shows the importance of creating awareness and sensitizing Ugandan health sector
organizations to the use of GIS technology and to its benefits when applied in
health-related activities.
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3.1. Introduction
Africa is coming to terms with its health problems, persistent war drums of
political turmoil, poverty, sand dunes, climate change, and unaffordability of
medical treatment for the majority of people, and Uganda is no exception.
However, across health sector organizations worldwide, GIS technology, spatial
analysis and their associated tools are increasingly being used for decisionmaking and planning involving places and people. GIS technology offers an
efficient and practical avenue for visualizing and communicating the dynamics
of transmission of (communicable and non-communicable) infectious and
vector-borne diseases in the setting of a community outbreak (McKee et al.,
2000). The growing use of GIS technology in health sector organizations relates
to is ability to simplify the collection, storage, organization, manipulation,
analysis, presentation, and dissemination of geospatial data relating to
socioeconomic and environmental processes (Longley, Goodchild, Maguire, &
Rhind, 2005). Although some literature exists on how GIS technology has been
used, showing best-practice applications for specific GIS technology uses for
health activities (Chamla et al., 2007; Kaijuka, 2007; Turi et al., 2013; WHO &
MOH, 2006), the nature of systematic GIS technology use for guiding everyday
decision-making and planning in health activities remains unclear. No studies
have assessed GIS technology use within Ugandan health sector organizations.
Therefore, we examined the current situation: What is the nature of GIS
technology use in Ugandan health sector organizations when applied for
activities described in literature on the public health sector (i.e., disease
surveillance (disease mapping and disease modeling), health care research and
management (health facility access, utilization, and planning), strategic health
planning of services, community health profiling, built environment and
neighborhoods, health education, spiritual health, crisis management, and risk
analysis. These GIS activities are most commonly used in developed countries (in
America and Europe, as well as some Asian countries), but only limitedly used in
Uganda and in Africa in general (Turi et al., 2013).
In addition to assessing the nature of GIS technology use in Ugandan
organizations handling health-related activities, this study investigates how GIS
users and GIS non users see the nature of GIS technology (GIS users’ and non GIS
users understanding of GIS technology use), what motivates organizations to use
GIS technology, and what specific activities GIS technology is used for. The
purpose of this study was assessing whether the nature of GIS technology use in
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health sector organizations in Uganda relates to what is stated in the literature.
The following research questions were addressed:

•
•
•

How do GIS users and GIS non-users see the nature of GIS technology?
How has GIS technology so far been used for health purposes in Uganda?
What do GIS users and GIS non-users see as possibilities of GIS
technology?

3.2. Literature Review
3.2.1. GIS Technology Use and Users in Public Health Decision-Making
The evolution of GIS technology brought about an increase in the variety of its
users, which now comprises (but is not restricted to) individuals, communities,
educational and research institutions, health organizations, land-use planners,
government agencies, UN agencies, businesses, and environmental scientists. In
the health sector, public health administrators, decision-makers, professionals,
statisticians, and regional and district medical officers can use GIS technology for
different purposes (Kandwal et al., 2009). According to O’Looney (2000, p. 7),
“users apply GIS technology for decision-making, to answer research questions
of location, condition, routing, pattern modeling, trend modeling, and scenario
building”. In addition, Nykiforuk and Flaman (2008, p. 7) highlight that users also
apply GIS technology for “tracking the geographical location of places, people,
events and impacts; conduct geospatial analysis on the variables of interest and
create maps that display the geospatial distributions and relationships of those
variables”. This means that GIS technology can be used in decision-making
processes relating to any problem situation, that go through the stages problem
definition, identification of alternatives, analysis, evaluation of alternatives, and
prescription of the best alternative (Kaiser et al., 2003). In the health sector,
these problems often involve descriptive information with a geospatial
dimension. In those cases, the processes of decision-making and planning
depend on the use of GIS technology and on associated computer-aided systems
(e.g., satellite images and Global Positioning Systems (GPSs)), for gathering and
analyzing information and data about geographic locations.
GIS technology can capture, store, analyze, integrate, present, and disseminate data and information, which supports the decision-making process. It
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also enables the integration of multiple data sources, the visual representation
of complex data patterns, and the application of various analytic techniques to
answer a variety of questions using geospatial data from different databases
(Cromley & McLafferty, 2002). Moreover, GIS technology can present the results
of geospatial analysis in maps that communicate relationships and tell stories
which cannot be presented with other data-presentation techniques (Mullner et
al., 2004; Tanser & Le Sueur, 2002). Maps generated by GIS technology can show
where current information is lacking and assist in getting feedback from
stakeholders. Maps can also serve as a starting point for collecting new data at
different aggregation levels. The functionalities that were once in separate areas
have now merged into new applications because of the increasing capabilities of
GIS software and hardware (O'Looney, 2000). GIS technology is truly integrated
and multidisciplinary, and no longer only used for (computer) mapping and
producing cartographic products (maps). GIS technology can be applied in public
health in various ways (Joyce, 2009). Shaw (2012) provides the following GIS
technology uses in public health: i) mapping where things are, ii) mapping
quantities, iii) mapping densities, iv) finding out what is inside, v) finding what
is nearby, and vi) mapping change. The next section provides an overview of GIS
applications in various activities, according to scholars in the field of GIS
technology.

3.2.2. GIS Applications in Health Facility Mapping
GIS health facility mapping is the geographic study of facility location, and maps
the progress of diseases, a population’s health access, and disasters such as toxic
spills. Health facility mapping is important, because it can determine the number
of health facilities in an area, find the best allocation locations for developing new
facilities, determine disease surveillance, evaluate service availability,
graphically show a population’s health access, and determine the number of
health facilities to be opened. Even though many studies have been conducted in
other countries due to an outcry by the World Health Organization (Nykiforuk &
Flaman, 2011; WHO, 2012) over some killer diseases (e.g., HIV/AIDS), we find it
necessary to study the opinions, views, and understandings concerning GIS
technology use and the activities GIS technology has been used for in Ugandan
health sector organizations. The study aim was contributing knowledge of
Ugandan GIS technology use for health-related activities (e.g., preventing disease
spread, which necessitates facility mapping in order to determine service
availability and access to health services).
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As stated above, GIS technology can support various health-related
activities, and its potentiality in public health still needs to be exploited (Joyce,
2009; Shaw, 2012; Smith, Gould, & Higgs, 2003). Nykiforuk and Flaman’s (2011)
literature review of GIS technology use for health promotion and public health
highlights that although GIS application for health access has been reported as a
useful and accessible global health tool worldwide, further research is necessary
to realize the true value of GIS technology use in health-related applications. The
literature on health access can help health decision-makers, health providers,
and the general public to better address the needs of the public (Nykiforuk &
Flaman, 2008; Nykiforuk & Flaman, 2011).
Thus, to plan, manage, and monitor activities related to health facilities, it
is necessary to have access to up-to-date, relevant information which should be
available to decision-makers at different levels of the public health system. Since
every health problem needs a different response and policy decision,
information has to be available that reflects a realistic measure of the situation
(locally, regionally, nationally, and/or internationally). Nykiforuk and Flaman
(2011) stress that health problems should be handled carefully, with available
data and a mindset of disease-transmission dynamics, demographics, social
services, environmental features, and availability of and accessibility to existing
health facilities.
GIS technology can provide good platforms for linking disease-specific
information with analysis in relation to population settlements, surrounding
social and health services, and the natural environment (Nykiforuk & Flaman,
2011). GIS technology can be suitable for analyzing epidemiological data, and for
ascertaining disease trends and interrelations that would be difficult to discover
in tabular formats. GIS technology enables policymakers to easily visualize
problems concerning health and social services, and to deploy scarce resources
appropriately (Nykiforuk & Flaman, 2011).
In their review study, Clarke et al. (1996) addressed the disciplinary
crossover between GIS, public health, and epidemiology. In addition, the authors
identified GIS applications in health (e.g., surveilling and monitoring waterborne
diseases, environmental health, modeling exposure to electromagnetic fields,
predicting child pedestrian injuries, and analyzing disease policy and planning),
and made the case for future GIS technology use public health.
Higgs and Gould’s (2001) study identified broader GIS applications, such
as health out-comes and epidemiology, and overlap and intersection between
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health outcomes/epidemiology and health care delivery on the one hand, and
health care delivery and strategic health planning on the other.
McLafferty (2003) studied where GIS technology can be used in publichealth mapping, and identified four areas with sub-categories: 1) analyzing the
need for health care; 2) analyzing access to health, i) measuring access, and ii)
evaluating inequalities in access; 3) geographic variation in utilization; and 4)
GIS and health care delivery, i) locating health services, ii) spatial decisionsupport systems, and iii) GIS and disasters. McLafferty also noted that health care
researchers’ and decision-makers’ GIS acceptance basically depends on access to
integrated geospatial data on health-services utilization and outcomes, on
geospatial behaviors of health care providers and consumers, and on data that
cut across human-service systems in this fast-shifting health care discipline.
Tanser (2006a) identified GIS application in health care research and
management as “measuring access to and coverage of health services,
understanding the utilization patterns of health services, and rational design and
planning health services” (p.108). Even though these application areas have been
identified, skepticism is highlighted as one of the barriers hindering GIS
implementation for public-health activities, since skeptical health professionals
regard GIS technology as just a mapping tool (Tanser, 2006a).
In a review study on GIS technology use for assessing health care access
and health outcomes (Graves, 2008), the author discovered that GIS technology
has been used in various health applications, such as geographic-disparities
analysis in breast cancer mortality by racial groups, factors of leptospirosis
disease outbreak, mapped AIDS prevalence, and correlated sociodemographic
variables and unmarried teen pregnancy to map the geospatial distribution of
unmarried teen births. In addition, the author reveals that GIS technology is an
effective tool for linking health data outcomes to health care access levels, and
for developing health-related policies and regulations to prevent health
inequalities. Graves’ (2008) review discovered that The Institute of Medicine and
the Department of Health and Human Services in Washington, DC, recommend
further research in public health, to develop strategies for improving health
outcomes and access to health care services.
Kandwal et al. (2009) identified the following GIS applications in public
health: (1) determining geographic distribution and variation of diseases; (2)
analyzing geospatial and temporal trends; (3) identifying gaps in immunizations;
(4) mapping populations at risk; (5) documenting community health care needs
and assessing resource allocations; (6) forecasting epidemics; (7) planning and
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targeting interventions; (8) monitoring diseases and interventions over time; (9)
managing patient care environments, materials, supplies, and human resources;
(10) monitoring the utilization of health centers; (11) routing health workers,
equipment, and supplies to service locations; and (12) publishing health
information using maps. The study concluded that GIS technology use supported
by a geospatial-data infrastructure and routine health data can give decisionmakers valuable information when they address HIV/AIDS issues, and support
monitoring, evaluation, health research, education, and planning of adequate
health services.
Nykiforuk and Flaman (2011) and Shaw (2012) identified the following
six themes with sub-categories for areas in public health decision-making where
GIS facility mapping can be applied: (1) disease surveillance; (2) risk analysis to
map environmental risk-prone disease areas; (3) health access, utilization and
planning; (4) community health profiling; (5) built environment and neighbourhoods; and (6) crisis management. Nykiforuk and Flaman’s (2011) study found
that GIS technology and geospatial analysis can be used as a natural and effective
means to answer a variety of program, policy, and planning issues in health
promotion and public health. In addition, the authors note that GIS technology
offers capabilities for describing, analyzing, modeling, and visualizing health and
place issues relevant for policy agendas in every jurisdiction. Hence, GIS
technology can be an effective tool for monitoring and assessing program and
policy interventions within a defined environment, while simultaneously
tracking changes in a population’s health.
GIS technology can be linked to other technologies using satellite images
to help health workers understand disease surveillance (the geographic
distribution and spread of disease in the past and present) and determine the
location of health facilities on the ground using GPSs (e.g., location of specific
health facility treating centers, number of households with access to health
services of a certain facility, and risk-prone areas for environmental diseases
(Nykiforuk & Flaman, 2011) and equal resource allocation (Ishfaq & Lodhi,
2012).
In agreement with these scholars, Shaw (2012), as well as Tanser and Le
Sueur (2002) highlight that GIS technology is still underutilized in public health,
due to people’s reasons for not using GIS technology. Moreover, health care
researchers are still ignoring the GIS tool and its potential benefits for improving
the health of our communities, even though several authors have identified vast
GIS uses and potential benefits, and noted that the technology has ripened into a
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tool that can readily and easily be used in the health sector. It is therefore
necessary to continue research to assess the activities for which GIS technology
is being applied in the health sector, to ultimately understand the purpose of
using GIS technology and the opinions, views, and awareness of organizations
using GIS technology. In addition, Shaw’s (2012) study highlights that GIS
technology use for public health activities is slowly growing, in contrast to GIS
technology use in other sectors, (e.g., education, environmental assessments,
business, utilities, transportation, and logistics) where the essence of GIS
technology use is acknowledged. Shaw further highlights that there is evidence
of growth in GIS technology use in the public health sector, and the technology
has developed into a tool that can be easily used by researchers to improve the
health of communities.

3.3. Methodology
The overall design of the research was described in section 1.5. In this study, we
focused on those parts of the interviews that addressed the use of GIS technology
in health practice, and professionals’ knowledge of and attitudes towards GIS. A
comparison was made between participants representing GIS-using and nonGIS-using organizations. For this study, the complete sample of 89 participants
was used.

3.4. Results
The results are based on the themes that we identified from our qualitative data.
We will discuss the opinions and views on GIS technology use, as well as current
existing and potential GIS activities of GIS-using and non-GIS-using
organizations.

3.4.1. Perceived Nature of GIS Technology
GIS Users’ Understanding of GIS Technology Use
Of the organizations included in this study, 57% were using GIS for various
purposes, such as service-availability mapping to identify gaps in service
delivery or allocating limited resources rightfully. GIS technology use varied for
the GIS-using organizations, and was either limitedly embedded in the
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organization’s routine activities or only sought when the terms of reference of a
special project required GIS technology to be used. In the GIS-using
organizations, GIS technology activities were either out-sourced or mostly used
for simple tasks such as data collection, production of location maps showing
distribution of health facilities or as a project requirement. As such, our
participants’ understanding of GIS varied depending on whether they were or
were not directly interacting with GIS in their organization. Our participants’
understanding of what GIS technology is, ranged from knowing GIS technology
as a tool, a technology, and a methodology, to a system used for data collection,
storage, and map production. It should be noted that the understanding of GIS
was basically based on their own GIS technology use, so on what GIS technology
is used for in their organization, and not on an official description of what GIS
technology is per se.
Table 3.1 shows that of the participants belonging to a GIS-using
organization, 27% said that GIS technology is a tool used for data collection,
analysis, and dissemination of geographically referenced data and reports; 19%
said it is software that helps display information on maps and present the
information; and 15% said that GIS technology is software that helps locate
facilities, resources, infrastructure, and services in a particular area. Participants
also provided other descriptions of GIS technology, namely a system for locating
sites; a system that can be used in epidemiology by linking the spread and
occurrence of diseases to other features; software that helps the visualization
and display of information for quick decision-making; an informationmanagement tool or database; and a system for vehicle tracking. Overall, GIS
technology was viewed as a tool that supports effective and evidence-based
decision-making by clearly showing the relationship between spatial entities.
GIS Users’ Awareness and Training of GIS Technology Use
Of the participants belonging to an organization that was using GIS technology,
44% received on-the-job GIS training that was organized by respective
organizations through external consultants (see Table 3.2). On-the-job training
included tailor-made trainings, peer-to-peer mentoring, and hands-on
continuous practice. Furthermore, 21% of the GIS-users had undergone formal
training on GIS as part of their undergraduate or postgraduate courses. Other
sources of training included self-training (21%), short courses of one to two
weeks (5%), training by partner organizations (5%), and training by attending
presentations at conferences, workshops, seminars, or working groups (4%).
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Partner organizations offering training on GIS were the Uganda Red Cross
Society, the International Committee of the Red Cross, USAID, UNICEF, NEMA,
the Directorate of Water Development (DWD), the Karamoja program, and
Google which introduced the Google short message service (SMS) in Uganda.
Table 3.1: GIS users’ understanding of GIS technology.
GIS users’ understanding of GIS technology
A tool used to collect, process, analyze, and disseminate
geographically referenced data and reports
A software that helps display information on maps and
present the information
A technology for locating facilities, resources,
infrastructure, and services using coordinates
A system used to describe the location of a site,
household, or place, or any object related to certain
geographic settings using coordinates
A system for drawing digital maps, for guidance in
navigation, and for capturing the coordinates of locations
for tracking a vehicle
A system that can be used in epidemiology by linking the
spread and occurrence of diseases to other features
An information-management tool used for storing
information
A system that consists of a GPS, software, and the person
involved in carrying out the analysis
A system that captures the coordinates of any feature on
the earth’s surface
Software that helps displaying information or data
visually by referring to locations
A system for determining distance between two objects
A system that looks at a combination of both geographic
coordinates and attributes that are under investigation
A mapping and planning tool used for an early-warning
system
Total

Frequency

Percentage

23

27

16

19

13

15

8

9

4

5

4

5

4

5

3

3

3

3

3

3

2

2

2

2

1

1

86

100

It is important to note that 79% of the GIS users had only undergone
informal training (on-the-job training, self-training, short-course training,
training from partner organizations, and training by attending a conference,
workshops, seminars, or working groups). This may have implications for the
understanding, views, and uses of GIS technology in their operations. GIS users
also noted that most of the staff responsible for GIS in their organization had
done so from their own initiative or created a need for GIS technology use. This
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again has implications, for the sustainability of such interventions by the
respective organizations.
Table 3.2: Type of GIS training received by GIS users.
Type of GIS training
On-the-job training experience, including tailor-made
trainings through consultants
Formal training (education)
Informal training (self-training)
Short-course training
Training from partner organizations
Conferences/workshops/seminars/workgroups
Total

Frequency

Percentage

42

44

20
20
5
5
4
96

21
21
5
5
4
100

GIS Non-Users’ Understanding of GIS Technology Use
Of the organizations included in this study, 43% were not using GIS technology.
Of the participants belonging to these organizations, 37% indicated that they did
not know much about GIS technology at all, even though they were interested in
knowing more about it and would probably use it (see Table 3.3). The non-GISusing organizations had limited information on the purpose and uses of GIS
technology in health, as shown in the quotes below:
I don’t know much about GIS. All I know is that it is a survey technology
which is able to, and probably used to, map places and used a lot by
organizations that need to track particular locations and people.
–Participant belonging to a not-for-profit non-government organization
I cannot tell you much, because we don’t have much information or not much
is known about GIS and the only information we know, because we also
collect demographic data on clients, is what we collect from them and the
geographic information we get from local governments.
–Participant belonging to a not-for-profit non-government organization
I know little about GIS. I know it as the technology that allows a program or
a person to be able to understand the locations of relevant information, such
as the households or products or activities in different locations. Basically,
GIS is a geographic-tracking or a geographic-information tool applied in
different locations that can be used to inform decision-making or programs,
and to locate, track, design, monitor, or evaluate service delivery.
–Participant belonging to a non-government organization
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Table 3.3: GIS non-users’ understanding of GIS technology.
Non-users’ understanding of GIS technology
Frequency
I don’t know much about GIS
13
A management tool that can help map the
distribution f services, facilities, resources,
10
infrastructure, and target population
A system that helps locate what is happening and
2
where
A system that helps capture, analyze, and report
2
spatial data
A tool that helps present information in an easy way
2
A system that gives data according to geographic
1
locations
A way of displaying information graphically using
1
maps
A system that helps collect coordinates of particular
1
places and physical features
A system that can be used to monitor disease
1
outbreaks
A tool that can be used for vehicle tracking
1
Can be used to determine intervention areas
1
Total
35

Percentage
17
29
6
6
6
3
3
3
3
3
3
100

Other participants who reported to know GIS technology well, actually
knew less than they thought. Many of them were guessing possible correct
answers. For example, one participant mentioned:
I can’t even confidently state that I know GIS, but if it has anything to do with
GPS, then it is something I have heard about and used for collecting facility
coordinates. A GPS is a method for locating positions using coordinates on
earth and from what I know, every point on earth can be defined by its own
coordinates. So the GPS helps to locate the coordinates on earth and then
you define it by those coordinates and so I would need to get the difference
between the GIS and the GPS.
–Participant belonging to an education and research institute
The remaining participants had various understandings of what GIS
technology is, based on what they had heard from colleagues. For example:
I heard about GIS from a friend who did her masters in The Netherlands, in
the agricultural area. From what I heard, GIS deals with coordinates of a
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particular place or structure or object so that you are able to locate it and
in addition to the coordinates, it gives physical features of the area where
the coordinates are such as valleys, mountains, and other features from
around that area.
–Participant belonging to a UN international agency
Of the GIS non-users, 29% equated GIS technology with a management
tool that can be used to map the distribution of services, schools, facilities,
resources, infrastructure, and target populations. Knowing these locations
facilitates getting to know the gaps in service delivery and the points of
intervention. The participating GIS non-users also provided other descriptions
of GIS technology, namely a system to help locate what is happening where (6%),
a system that helps capture, analyze, and report spatial data (6%), and a tool that
helps present information in an easy way (6%). A small proportion (less than
3%) described GIS as a system that gives data according to geographic locations;
a way of displaying information graphically using maps; a system that helps
collect coordinates of particular places and physical features; a system that can
be used to monitor disease outbreaks; and a tool that can be used to determine
intervention areas. In addition, those participants who did not know what GIS is,
were curious to find out and to use it if possible. For instance, one of the
participants stated:
I don’t know what GIS is, but I have heard of it and would really like to learn
about it. I would imagine GIS has many applications and I think the best way
would be for somebody to present to us, the decision-makers, what GIS is, its
benefits, and different applications on health, because we are health
organizations. How can GIS be applied in health-service delivery so that we
can get a broad perspective, because I would imagine one of the things
limiting us to use GIS is limited knowledge and appreciation of GIS in what
we are doing, because we don’t know much, we have limiting thinking that
we can still use the traditional ways of drawing mas using an analogue
format. I think most of the other functions would come up once we have been
sensitized a bit about the broad applications or benefits of using GIS. I have
an idea, but it gets better and broader when someone explains it, so we can
get more specific in terms of that.
–Participant belonging to a non-government organization
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GIS Non-Users’ Views on the Usefulness of GIS Technology
Even though only 29% of the GIS non-users described GIS technology as a
management tool that can help map the distribution of services, facilities,
resources, infrastructure, and target population (see Table 3.3), almost all of the
GIS non-users thought found GIS technology would be useful for their work, and
felt that they would be able to use GIS technology if they were trained in its use
(see Figure 3.1).

Figure 3.1: GIS non-users’ opinion about the usefulness of GIS technology.

When participants from non-GIS-using organizations were asked about
their opinion on the usefulness of GIS technology use, two of the 32 participants
did not answer, and two of them showed skepticism towards the added value of
GIS technology for their organization and were hesitant to adopt this new
technology. The most important reason for their skepticism was that it can be
challenging to change the attitude, behavior, and culture of people and
organizations to be able to utilize and think of GIS technology in their operations.
There is a need to calculate the benefits and trade-offs of investing in GIS
technology before introducing it. One of the participants ventilated doubts about
the adoption of GIS technology use by saying:
Changing the culture of people to be able to utilize and think of GIS in their
operations can be a bit of challenge. I don’t know if it will be very beneficial
to dwell on the trend to transform people to think and to get the GIS work
here. The benefits have to be calculated before adoption of GIS technology
use, because you can spend a lot of time trying to make people think about
GIS, do GIS and you don’t really get the benefits of their capabilities based
on the abilities we have already developed.
–Participant belonging to a semi-autonomous government organization
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In addition, participants underscored the need to ensure that the existing
infrastructure can support GIS technology use. Others were uncertain about the
existence of an infrastructure, and about whether they were able to support a
GIS program. They indicated a need for clear initiatives prior to deciding whether
to use GIS technology, as to understand what is all about GIS to be rewritten to
suit Uganda’s geographic data examples and what it can offer. For example, one
of the participants said:
I think that adopting GIS use will depend on a full understanding of what GIS
can do and the capabilities of GIS, which are not very clear to me at the
moment and probably to most people here. I want to believe that it’s a good
thing and that it will be very good if we had the money and the ability to get
it, because we are dealing with patients coming from and living in different
locations within our catchment study area. So it will be good for capturing
that kind of information such as patient follow-up.
–Participant belonging to a not-for-profit non-government organization
Considering that quite a large proportion of the participating GIS nonusers had indicated that they did not know much about GIS technology, the need
to first understand the benefits and requirements was mentioned as a critical
factor that needed attention. However, it was also acknowledged that a bank of
GIS information already exists from which one can benefit, so the cost of
investing in GIS technology would be leveraged by what is already available.
Even though some GIS non-users showed no interest in using GIS
technology, the majority of the participants (28 out of 32) did show an interest
in using it, and readiness to do so once it would be available. These participants
indicated that using GIS technology would be a good idea and would add value
to their work. However, the absence of software was the main reason for not
using it. For example, a GIS non-user who in a managerial position stated:
In my opinion, as a manager in charge of technology, I think it’s an
opportunity to reprioritize technology that already exists, and then
structure it. The advantage of GIS is that there is a worldwide bank of
information from which you can benefit, and a lot of technology already
exists that you can benefit from, so the cost of investing there will be sort of
leveraged by what already exists, so it’s not that much.
–Participant belonging to a semi-autonomous government organization
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GIS Non-Users’ Views on Activities GIS Technology Would Be Used for
Table 3.4 shows activities for which GIS technology would be used if there were
an opportunity, according to participants from non-GIS-using organizations who
considered the use of GIS technology useful. Mapping the location of health
facilities and their performance (25%) and mapping the location of interventions
(25%) were mentioned as the most important activities for which GIS technology
would be used. Other important activities for which GIS technology would be
used were monitoring the routing of government cars and motor bikes, and fleet
management (21%), generating performance reports (14%), disease
surveillance and mapping disease outbreaks (14%), capturing information about
patients, their location and follow-up (14%), and monitoring and evaluating
program activities (11%). However, two participants out of the 32 organizations
did not have any opinion about GIS technology use sighting lack of awareness of
what it can do for them.

3.4.2. Use of GIS Technology for Health Purposes in Uganda
Current GIS Activities in the Health Sector Organizations in Uganda
Table 3.5 provides an overview of activities for which GIS is used in the health
sector in Uganda. A distinction is made between overall categories based on the
literature and more specific activities that emerged from the interviews. We
asked our participants for which activities GIS technology was used in their
organizations, and then categorized their answers according to the activities
described in the literature. Our participants indicated that GIS technology was
used for ten of the overall categories and 20 more specific activities. Below, we
will elaborate on the categories with brief examples of thematic activities for
which health sector organizations have used GIS technology according to our
study.
Disease surveillance. In some GIS-using organizations in our study, GIS
technology has been used to map most-at-risk populations and locations prone
to HIV/AIDS, and to map and identify disease-outbreak areas to understand
disease patterns. The geographic spread of a disease is mapped and linked to
physical features (e.g., rivers, lakes, mountains, food production, and roads) to
discover possible relationships. GIS technology has also been used to map
disease clusters, to assess whether human indicators (pointers; e.g., poverty) are
of influence, and to understand disease patterns (e.g., TB patterns) and make
strategic operational decisions accordingly.
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Table 3.4: Activities GIS would be used for if there were an opportunity1.
Activities GIS would be used for
Frequency2 Percentage
Mapping the location of health facilities, and tracking their
7
25
performance
Mapping the location of interventions and services provided,
7
25
and analyzing gaps
Monitoring the routing of government cars and motor bikes
6
21
and fleet management (e.g. making logistic requests)
Generating quarterly and annual performance reports
4
14
Surveilling diseases, and mapping disease outbreaks
4
14
Capturing information about patients, their location and
4
14
follow-up
Monitoring and evaluating program activities
3
11
Systematic data sharing and reporting platform for accurate
2
7
data to aid in decision-making and fundraising
Monitoring immunization programs
2
7
Community profiling
2
7
Mapping services and service providers, and HR mapping
2
7
Mapping drug stock-outs
2
7
Conducting survival studies
1
4
Generating location-specific evidence to support decision1
4
making
Defining the geographic scope for research studies
1
4
Planning the demand for drugs in various health facilities
1
4
Mapping and tracking records, especially for data handling
1
4
and mapping
Determining distances and type of road network before
1
4
visiting a specific area
Tracking a sample flow of blood from facilities in Uganda
1
4
Mapping radio stations
1
4
1 According to GIS non-users who considered the use of GIS useful (n=28).
2 More than one activity per participant was possible.

Disease mapping. In disease mapping, GIS technology has been used by
some GIS-user organizations in this study for mapping malaria hotspots to guide
health professionals in prevention, diagnostics, and case management. For
instance, one of the non-government organization [the Malaria Consortium]
(NGO) used GIS technology to map malaria risk areas and to identify the mostat-risk populations in order to determine regional and national morbidity and
mortality rates. The non-government organization (the Malaria Consortium’s)
prevention activities in Uganda are aimed at rapidly increasing the coverage of
life-saving interventions, at reducing the causes, and preventing the burden of
malaria. The non-government organization (the Malaria Consortium) plays a
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leading role in the distribution of mosquito nets—long-lasting insecticidal nets
through mass distribution campaigns and a continuous supply at health facilities.
In addition, the non-government organization (the Malaria Consortium) plays a
leading role in strengthening health and prenatal services to prevent malaria
during pregnancy. Their community-based outreach (via radio programs and
community dialogue) is offered alongside health-delivery services, and focuses
on promoting positive behavior around malaria prevention.
Table 3.5: GIS activities in the health sector organizations in Uganda.
Overall categories of
Specific GIS activities
GIS activities
Disease surveillance
Disease mapping (mapping and tracking
diseases and people-vaccine testing)
Disease modeling
Health care research
Mapping location of clients, distribution of
and management
facilities, intervention programs, activities
(health facility access,
coverage, and districts
utilization, and
Health care research: surveys and research
planning)
Monitoring, evaluation, and performance
reporting
Service-availability mapping
Stakeholders and service provider mapping
Data management platform
Interactive Web-based GIS mapping platform
Education training tool
Human resource management mapping
Community health
Community health profiling
profiling
Fleet management,
Fleet management, and vehicle and health
and vehicle and health commodities tracking
commodities tracking
Strategic health
Strategic health planning
planning
Supervision of coworkers (supervision tool )
Health education
Health education, advocacy, and
communication
Risk analysis
Risk mapping and disaster preparedness
Crisis management
Crisis management
Food (in)security and
Food (in)security and health nutrition
health nutrition
livelihood
livelihood
Coordinating and
Coordinating and monitoring immunization
monitoring
programs
immunization
programs
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Frequency
48
4
72
41
35
32
25
22
16
7
2
24
23
22
1
12
11
5
4
4

GIS technology has also been used by some GIS-user organizations in our
study for mapping endemic diseases and, mapping the distribution of special
services and the number of patients. For example, one of the government/public
organization (the Ugandan MOH) has used GIS technology to map diseases (e.g.,
cholera, HIV/AIDS, bilharzia (schistosomiasis). The mapping also identified
areas and populations that are most at risk to these diseases. The
government/public organization (MOH) also used GIS technology to map the
locations of village health teams, to map service availability, emergency obstetric
care (blood transfusions and caesarian sections), TB treatment, HIV counseling,
regional HIV testing of infants born of HIV-positive mothers, the prevention of
mother-to-child transmission (PMTCT), to map outpatient service utilization to
determine service accessibility (concerning malaria, common cold or cough, and
intestinal worms), the number of women who deliver in health facilities, the
number of pregnant women who attend prenatal care visits, and to map the
ownership of insecticidal nets. Some participants said:
We used GIS for participant tracking, to enable easy search of patient
location and then calculate the distance the patient travels to access
HIV/AIDS services and provide accurate estimates of transport refund.
–Participant belonging to not-for-profit non-government organization
We used GIS to map water facility resources which were found to have the
most contaminated water and the least contaminated water. We also used
GIS to map areas which have reasonable access to good sanitation, and those
with improved hygiene.
–Participant belonging to education and research institute
Disease modeling. In addition, one of the government/public organization
(the Vector Control Division of the Ugandan MOH) has used GIS technology to
map and track neglected tropical diseases (NTDs), which include bilharzia,
lymphatic filariasis, sleeping sickness, onchocerciasis, and soil-transmitted
ailments, such as ascaris, hookworms, and whipworms. In using GIS technology,
the division has been able to identify the problem areas in terms of those
diseases.
Health care research and management. The health organizations included in
our study incorporated GIS technology in their research activities. This ranged
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from collecting primary data with the help of GPS, to using GIS output for further
analysis (e.g., determining study areas where individuals, for example vaccine
trial clients, can be found). For example, one of the not-for-profit nongovernment organization (the Malaria Research Collaboration of Global Health
Uganda) used GIS technology to determine study areas to recruit child study
clients for malaria vaccine trails, to determine the distance to the area from
where to recruit clients, and to ease the download of study identifier codes by
linking these to Google Earth. An education and research institute (Makerere
University), for example, used GIS output to support its sampling plan, and to get
attribute data that are included in statistical analyses. These may include
populations at risk, the spread of a disease, and characteristics of target
communities.
Mapping location of clients, distribution of facilities, intervention programs,
activities coverage, and districts. GIS technology has been used by some GIS-user
organizations in our study to map facilities (hospitals, clinics, health centers,
drug shops and pharmacies), resources (water and sanitation facilities, roads),
and services (services and service providers). GIS technology helps capture the
coordinates of these facilities and map their locations. Mapping facilities and
attaching service statistics to these facilities supports the identification of gaps
in service delivery, based on the distribution of facilities. Knowledge of the
location of health facilities has also been used in the management of disease
outbreaks, in resource allocation, service-availability mapping, in determining
the cost of interventions, in route analysis, and hot-spot analyses of diseases. In
addition, knowledge of the location of water and sanitation facilities has been
used to differentiate health facilities with clean water sources from facilities with
dirty water sources that require clean water. Similarly, knowledge of facilities
has been used in assessing the accessibility and referral to health facilities.
As another example, GIS technology has been used by some GIS-user
organizations in our study to map and track TB-care facilities. Using GIS
technology, one of the not-for-profit non-government organization (KCV TB
Care) has been able to map multidrug-resistant tuberculosis (MDR-TB)
treatment facilities. This involved mapping all the referral hospitals in Uganda,
MDR-TB diagnostic (analytical) laboratories, follow-up treatment health
facilities for MDR-TB patients on treatment, and household locations of MDR-TB
patients on treatment. This helped provide information about which facilities
provide both diagnosis and treatment of diseases, and how they are distributed
geographically. Furthermore, GIS technology helped provide information about
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the challenges the patients face, and determine the number of MDR-TB clients
who were not able to visit a facility for treatment. This provided the necessary
evidence for creating awareness for better planning and service delivery, as well
as an advocacy for opening up new facilities to help the existing population in
need of MDR-TB services, as well as for establishing regional diagnostics
laboratories for MDR-TB.
Health care research: surveys and research. Currently, one of the nongovernment organization (Grameen Foundation AppLab) formed partnership
with FHI 360 to form a multispectral approach to community connector project
which combines heath and agriculture focusing on nutrition and poverty
eradication. In this project, GIS is used for monitoring and evaluation whereby
the surveys conducted within different identified households are geo-tagged to
enable geospatial analysis with the collected survey data to identify households,
areas with high malnutrition and high poverty rates to focus attention with
health education and to share information. In this regard, one participant said:
The results were shared among our partners, and used for monitoring and
evaluation purposes because [in our organization] we partner with other
organizations. So, we share GIS information with our partners depending on
the type of indicators that our partners are interested in. For example
knowing the number of mothers pregnant, number of mothers pregnant in
a specific areas, number of mothers who are HIV positive, number of male
who were circumcised, and other different statistics. We capture
information on those indicators, link to their geospatial location areas and
then display on the dashboard in real time to give them geographic visual
visibility. In addition, we used the results to make decisions on the salary
payment for community knowledge workers based on their performance. In
the community connector project we use community trainers whom we pay
cash for performance. So we are able to geo-visualize them and calculate
their payments.
–Participant belonging to a non-government organization
Monitoring, evaluation, and performance reporting. Several participants
indicated that the organization they belonged to used GIS technology for
performance reporting. Several organizations incorporated the use of GIS
technology in their monitoring and evaluation systems to track program
performance and the impact of interventions. This may range from how various
activities are being completed (e.g., the distribution of mosquito nets) to how key
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performance indicators are changing over time. GIS technology allows one to
prepare maps that show the distribution of a given indicator by region or by subregions across the country (e.g., total fertility rate by sub-region, immunization
rates, and skilled birth attendants). For instance, one of the not-for-profit nongovernment organization (Management Sciences for Health) uses GIS technology
to collect community data, and to develop district-specific social-service
performance reports which are produced yearly. The reports show a set of
indicators to track social-service performance using Lot Quality Assurance
Sampling (LQAS). In addition, one of the government/public organization (the
planning department of the Ministry of Health) has used GIS technology to
produce annual performance reports for health indicators, such as out patients
department (OPD) attendance, immunization, drug stock-outs, and the number
of mothers attending prenatal-care visits. GIS technology is used to show spatialdistribution performance on a map, to allow scoring performance of various
districts to identify the best performances and the poor performances per region.
Service-availability mapping. GIS technology has also been used by some
GIS-user organizations in our study for service-availability mapping (SAM),
aimed at locating health services provided in various health facilities, and at
making decisions concerning existing gaps. For example, one of the UN
international agency [the World Health Organization (WHO)] carried out SAM of
health services in camps for internally displaced persons in northern Uganda, to
determine the type of health services each facility could offer. Service-availability
mapping has also been used to determine access to HIV testing, and treatment
and prevention of mother-to-child HIV transmission in conflict-affected
Northern Uganda. Further, SAM has been used by participant GIS-user
organizations in our study for health facilities in Jinja, Kiboga, and Mbarara
districts to determine the gap in service delivery for TB and HIV/AIDS treatment,
for maternal and child health, for health infrastructure (i.e., piped water supply
and electricity, X-ray and oxygen equipment, injection equipment, and
laboratory capacity), and for social-marketing programs (for condom use and
insecticidal nets) to find out what is currently missing in those health facilities.
All the 43 GIS-user organizations in our study indicated to have used GIS
technology for SAM in their activities.
Stakeholders and service-provider mapping. GIS technology was used by
some GIS-user organizations in our study to map the decentralized activity
responses per district, and to map the national coverage where several
implementing partners were providing services. For example, GIS technology
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has been used for HIV/AIDS service-provider mapping, to find out who is doing
what where (3Ws) to avoid duplication of services, resources, and providers
crowding in one region, sub-county, or parish, while other areas are underserved
or not served at all. One of the government/public organization [Uganda AIDS
Commission (UAC)] used GIS technology to find out who the HIV/AIDS service
providers were, where they were working (geographic coverage and people
reached), and which type of services they were providing (e.g., voluntary
counseling and testing, treatment, prevention of mother-to-child transmission of
HIV/AIDS, health education, condom distribution, blood screening, treatment of
sexually transmitted infections, funders, or male circumcision). Furthermore,
GIS technology was used by participant GIS-user organizations in our study to
map HIV prevalence per region, and across gender and age groups.
Data management platform. In our study, GIS technology has been used by
some GIS-user organizations as a data management platform which allows
health sector organizations to use the platform for knowledge management and
to collect, store, process, present, disseminate, communicate, and share data and
information. Thus, sharing health information that is collected through GIS and
associated technologies [e.g. GPS] is beneficial to the Ugandan health sector and
GIS community in general to avoid duplication of efforts collecting the same
datasets and wastage of limited resources [financial and human expertise]. For
instance, Grameen Foundation AppLab has used GIS technology for sharing
information through community knowledge workers (CKW) in agriculture
project for more than two years. In this respect, two of the participants said:
We have used GIS in community knowledge worker agriculture project. This
project is composed of model farmers who provide agricultural information
to fellow farmers. The project was first focusing on agricultural information
but we have now integrated the financial aspect to determine the amount of
money to pay the community knowledge workers and loans. The community
knowledge workers also carry weekly surveys where farmers are able to find
information about livestock and different agricultural crops. The
community knowledge worker researchers get information from community
workers who are equipped with smart phones. We also have CKW house who
shares with CKW researcher any kind of information feedback they have
received from the communities. Then the information is sent to our data
management platform in our center and shared with all other partners.
–Participant belonging to a non-government organization

71

Another participant said:
The database is used for storing information and sharing, and the whole
process of data management from when the data is collected, entered,
cleaning, storing and further manipulations and analysis. Then the data we
are collecting is related to health facilities and health facilities have their
geographic locations, and GPS coordinates are also stored in the database
which we adopted from the MOHs DHIS database. So we adopted same to
make sure that we are using the same the information that is already
available. On top of the data management with the GIS capabilities built in
we are able to display how the performance of health facilities is changing
in time and then relate it to their geographic locations and we including in
some of the attributes like the relief and drainage which are more likely to
be having some issues to do with the performance.
–Participant belonging to not-for-profit non-government organization
GIS technology has also been used by some GIS-user organizations in our
study as a tool for managing information systems in the health sector, to support
data storage, and to produce and disseminate reports. Notable examples of
reports and maps produced with the support of GIS technology include the State
of Environment of Uganda report, Environmental Atlas report, food-security
Maps, Vulnerability maps, epidemiology maps, service availability maps (MOH &
WHO, 2006), human-resource audit reports (MOH, 2012), performance reports
maps (Ministry of Health [MOH], 2011), stakeholders and service-provider maps
(UAC, 2009), AIDS-indicator surveys (Ministry of Health [MOH], ICFICM, Centers
for Disease Control and Prevention [CDC], USAID, & World Health Organization
[WHO], 2012), and risk maps (URCS & IIRR, 2012; URCS & OPM, 2012). GIS
technology has also been used by some GIS-user organizations in our study as an
electronic database, where data about populations were captured and stored.
This information may relate to the entire country in general or to an
organization’s
area
of
intervention
in
particular
(http://www.devtrac.ug/statistics). At the national level, the semi-autonomous
government organization [Uganda Bureau of Statistics (UBOS)] collects and
stores information about health and demographics through its annual Uganda
Demographic and Health Survey. Similarly, at the district level, the semiautonomous government organization (UBOS) has facilitated the development
and utilization of DEVINFO, which has been used to produce district information
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of all sectors (e.g., health, education, and production). This is called the local
government harmonized database.
Interactive Web-based mapping platform. GIS technology has been used by
some GIS-user organizations for developing an interactive Web-based mapping
platform, which allows organizations and individuals with access rights to georeference facilities, resources, services, partners, and activities. A majority of the
organizations participating in our study were using GIS technology for georeferencing (e.g. of facilities and activities) to obtain information about delivery
gaps. However, the extent to which GIS technology was used for geo-referencing
varied per organization. While some organizations only captured coordinates to
locate their work, others used GIS technology more extensively to understand
relations between independent and dependent variables, such as existing
resources and the occurrence of a disease. For example, one of the UN
international agency (UNICEF) is currently developing a Web-based GIS called
DevTruc (http://www.devtrac.ug/statistics) which is used for the real-time
reporting of public services in Uganda. DevTruc works through the monitoring
and reporting of field activities, in which people visit the locations and report
what they are doing there, and then geo-reference those activities to actual
locations on the ground (e.g., health facilities, schools, water sources, disease
occurrence, and number of most-at-risk populations). The government/public
organization (Ugandan MOH) uses GIS technology to map the health-facility
inventory of the entire country, to understand the status of district health
facilities and to identify gaps in services and infrastructure.
Education training tool. GIS technology has been used by some GIS-user
organizations as educational training tool for assessing circumcision and the rate
of HIV reduction. The circumcision rates are assessed from districts to districts
to know how many males have been circumcised so that educational attention
focused to those districts with low rate turn-over. In addition, GIS technology has
been used by some of the participants as education tool for mapping the districts
affected by malaria. This guides the health decision makers to educate
communities about malaria, its mode of transmission through mosquitoes and
malaria prevention strategies. For instance, one participant said: “we do
mapping of the districts where we have already done the sensitization about
malaria and where we are supposed to go next to execute prevention education
on diseases e.g. prevention of mother-to-child transmission of HIV and caring for
those infected with disease or affected by the disease”. Village health teams are
trained and equipped to care for those who are sick and to look after who are
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orphaned or vulnerable because of HIV/AIDs. GPS is used for mapping and
capturing coordinates of the location of the village health teams and produce
maps showing their distributions where the pregnant mothers, vulnerable
HIV/AIDs victims can visit for treatment and further education. Additionally, GIS
technology has been used to determine areas prone to malaria, cholera, bilharzia
and most at risk populations to HIV/AIDS, and TB to improve on awareness and
prevention strategies to educate the population about the dangers of the killers’
diseases. For example, HIV/AIDS awareness and prevention by informing people
to change their sexual behaviors, embrace HIV testing to know their status, go
for safe male circumcision and use condoms
GIS technology has also been used to map the location of service
promoters who reach out to households to educate and create awareness on the
importance of adapting health behaviours like wash hands, boiling or treating
water, sleeping under mosquito net, using condoms etc. so that people make the
connection between keeping healthy and avoiding illness.
Human resource management mapping. Some of the participants indicated
to have used GIS technology for human-resource mapping. Human-resource
mapping aims to understand how much staff and skills are available for the
management of health issues. For example, one of the non-government
organization (IntraHealth International) has used GIS technology to produce
maps that show staff levels per district, the distribution, and the gaps in staff
levels within the country.
Community health profiling. Community profiling helps organizations to
understand the characteristics of various communities in terms of resources,
services, facilities, and activity coverage. This, in turn, sheds light on the different
aspects of service and epidemiological conditions, so one can easily see what is
happening from a pictorial point of view. For example, one of the nongovernment organization (Uganda Indoor Residual Spraying) used GIS
technology to map those areas that have and those that have not been sprayed
with DDT. One of the government/public organization [Uganda Virus Research
Institute (UVRI)] used GIS technology to map its intervention areas in a cohort,
households, and key places like water sources, hospitals, and health facilities. GIS
technology has also been used by the Malaria Consortium organization to
produce maps that show the spread of features and the infrastructure, such as
population density, roads, health facilities, forests, and related features. In
addition, a UN international agency (USAID) uses GIS technology for community

74

profiling to enumerate what they are doing in a particular district, which enables
them to distribute their resources to needy programs. For instance, one
participant said:
We also mapped health facilities and did some analysis where we created
some 5km buffers to determine the communities accessibility within that
distance or who are closer or far from the nearest health facility. The essence
was to determine the distances the communities travel to access health
services from the nearest health facility and identify which community areas
lack health facilities in their proximity. Thus we could show the visual
distribution of the health facilities and which part of the country/district has
the better accessibility to the health services.
–Participant belonging to a not-for-profit non-government organization
Fleet management, and vehicle and health commodities tracking. Some
organizations are currently using GIS technology to track their vehicles and to
manage their supplies and logistics. The vehicles are mainly involved in the
distribution of medicines, health commodities, and food and non-food items. The
organizations are interested in tracking the progress and delivery of the items
from one point to another. GPS vehicle-tracking gadgets are installed in the
vehicles, which enables the monitoring of the movements of the vehicles and of
the supplies to various destinations. Specific organizations using GIS technology
for vehicle tracking include government/public organization [the Uganda Virus
Research Institute (UVRI)], not-for-profit non-government organization
[Reproductive Health Uganda (RHU)], non-government organization
(Miriranda), not-for-profit non-government organization [the Programme for
Accessible health, Communication and Education (PACE)], not-for-profit nongovernment organization (Stop-Malaria), UN international agencies [Medicines
Sans Frontières, U.S. Centers for Disease Control and Prevention (CDC), the
United States Agency for International Development (USAID), and the United
Nations Children's Fund (UNICEF)], funding mechanism organization [the Civil
Society Fund (CSF)], non-government organization (Medical Access Uganda
Limited, and IntraHealth International). GIS technology is also used to monitor
vehicle speed, routing, and fuel consumption.
Strategic health planning. GIS technology has been used by GIS-user
organizations in our study for equitable allocation of funds for health activities.
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For example, one of the government/public organization (the Uganda Virus
Research Institute) is implementing “Funds for Health” activities, a presidential
emergency fund for AIDS relief. GIS technology is currently used for reporting
the progress of these activities and for decision-making, especially concerning
equitable resource allocation in order to help reduce duplication of resources
and help allocate resources to the rightful beneficiaries. In addition, some
organizations have used GIS technology for strategic health planning and
equitable resource allocation in order to support their planning for health
services and other activities. This is to facilitate evidence-based planning and
decision-making, to reduce duplication of activities and resource wastage. For
example, a funding mechanism organization is currently using GIS technology to
map the coverage of its services, and to develop maps that display the current
financial resource allocation by district in different thematic activities that they
are financing, such as HIV care, HIV counseling, HIV testing, and condom
distribution.
Risk analysis. GIS technology has been used for disaster-risk mapping, in
particular for the mapping of disaster risk-prone areas in eastern, northern,
central, and western Uganda. For instance, one of the not-for-profit nongovernment organization (the Uganda Red Cross Society) mapped disaster (e.g.,
landslides, mudslides, floods, malaria, hailstorms, lightening, and drought) riskprone areas to know the extent and the cause of the risk in order to mitigate
them. Furthermore, GIS technology has been used to map populations at risk and
risk factors in order to develop early-warning systems. One of the not-for-profit
non-government organization (the Uganda Red Cross Society) has so far
developed risk maps for the Mt. Elgon region, which has been prone to
mudslides, floods, hailstorms, lightening, rolling stones, drought, soil erosion,
cholera, malaria, and tuberculosis. The information has been made available for
humanitarian organizations and for the Office of the Prime Minister, to increase
and strengthen planning and response to emergencies. The aim is developing a
risk map for Uganda using GIS technology. This will have integrated information
on the risk, with geographic information and community characteristics.
Crisis management. GIS technology has been used to assess flood risk areas,
most-at-risk communities, and health and education facilities located in those
affected areas in order to increase citizens’ disaster preparedness in times of
floods. For disease outbreaks, GIS technology was used to assess the extent of the
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disease outbreak, the distribution of the affected areas and facilities, the number
of affected people, and the number of follow-up clients to prevent spread, and to
control and contain the outbreak. For example, one of the not-for-profit nongovernment organization (Uganda Red Cross Society) has used GIS technology in
baseline surveys. This involved a detailed assessment of communities in the
cholera interventions in Kasese, Hoima, and Nebbi.
Coordinating and monitoring immunization programs. One of the UN
international agencies (United States Agency for International Development
[USAID]), as one of the participant GIS-user organization in our study has used
GIS technology to map the districts that have carried immunization exercises
against childhood diseases, the districts that were supported with nutritional
assistance, and districts where mosquito nets have been distributed. In
comparison, areas that were not supported have also been mapped to help
identify the gaps and make decisions regarding resource allocation in
subsequent implementation periods. Similarly, the government/public
organization (Ugandan MOH) uses GIS technology to track the immunization
program to know which districts have and which have not received
immunization kits.
Similarly, one of the semi-autonomous government organization (UBOS)
presents statistics on some of the key aspects of public health, such as the status
of health facilities and staffing levels, immunization coverage, morbidity, and
selected health sector performance indicators. These are produced on a map
showing the distribution of health units by district, the number of hospital beds
by district, the immunization percentage coverage, and the proportion of cases
among the leading causes of morbidity as far as the health aspect is concerned.
Not-for-profit non-government organization (Mildmay) has used GIS technology
for setting targets of various interventions and for showing organizations’
intervention areas of operations. GIS technology is also used to display the
results of interventions that are happening in a particular area. Results may
include the number of HIV/AIDS patients reached in every district.
Reasons for Using GIS Technology in Activities in the Health Sector
The studied organizations had varied reasons for using GIS technology in their
organizations. Overall, the purpose of using GIS technology was collecting,
analyzing, and reporting data in a more systematic and user-friendly manner.
Organizations use GIS technology to capture and input data in the form of
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waypoints, to facilitate the mapping of available resources, facilities, partners,
and services. Various reasons for using GIS technology were given by different
participants. Since most of the organizations related the reason to their existing
activities, some of the reasons cut across organizations (see Table 3.6). The most
popular reason was that GIS technology enables organizations to gain insight in
the geospatial locations and the distribution of health facilities, in who receives
services from specific health facilities, and in the quality of services in
relationship to the population they are supposed to serve. Knowing the
geospatial distribution enables organizations to identify gaps in the locational
distribution of health facilities and the delivery of services in the health
infrastructure. Another reason provided by participants is that GIS technology
use is an effective way to generate evidence for policy advocacy and quick
decision-making, that it facilitates stakeholder analysis, and supports the
equitable distribution of services and limited resources to the underserved and
rightful beneficiaries.
Another important reason for using GIS technology was the ease of
performance tracking to get to know service trends, gaps, and forecast, and to
plan new interventions. GIS technology provides an easy way of presenting data,
information, and findings, and its visual presentations are easier to read than
literature and tables, and thus, allow for an easier interpretation of the results.
In addition, GIS technology allows organizations to locate where patients are
geographically positioned, to visualize the disease burden, facilities, activities,
and services, and to avoid duplication of service delivery and limited resources.
GIS technology is also used to ease the access, exchange, sharing, and
updating of information and data about a particular facility, to ease analyzing,
reporting, displaying, storing, retrieving, and interpreting reports and to ease the
presentation and dissemination of results with evidence. It is also used to
provide a summary of different geographic locations of intervention coverage,
and activities and sources of information into a single map. GIS technology also
facilitates finding out who is doing what where (3Ws) to avoid a duplication of
similar services, and to guide and improve the coordination of service providers.
Other reasons for using GIS technology were easing fleet management and
tracking vehicle movements, and the accountability to donors and stakeholders.
Additional reasons included: GIS technology use is a faster way to generate realtime reports, it is accurate and saves time; GIS technology use helps cut down
operational costs; it reduces bulky work, making data storage easier; it is the
easiest way to know the population receiving services and the quality of those
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services; GIS technology use allows for the utilization of available and already
skilled GIS staff expertise; GIS technology is rapidly growing and widely used;
and it facilitates the assessment of available services to avoid duplication. In
addition, organizations highlighted that reasons for using GIS technology were
determining accessibility, the coverage the health facilities serve (catchment
areas and target population), and distances that clients travel to access services
from the nearest health facilities or VHTs to their households.
Overall, the key reason for GIS technology use was wanting to know the
spatial distribution of services on the ground. The presentation of data on maps
allows for a quick visualization, for review and decision-making on
programming, for resource allocation, and for performance and impact. The
superiority of GIS technology in reducing large quantities of data to simple maps
and charts makes it a preferred tool for management to support quick decisionmaking. This was illustrated by several participants:
The advantage with GIS information is that it has helped us to come up with
easily understandable reports where the visualization of the map really
makes someone appreciate the results. One of the reports called The Human
Resource Audit Report, which was produced for 2012, was very instrumental
in the MOH, as they used this report to advocate for more staffing within the
health sector to the parliament. By the end, they passed the budget, the
report caused a lot of stand-off within the parliament and the budget was
not approved until some money was allocated to the MOH to carry out
recruitment for HCIIIs and HCIVs. As a result, a total of 10,000 health
workers were recruited for those levels and also the enhancement of doctors
for HCIVs was done. So that is basically how we came to use GIS in our
organization, where we have basically been using it and how we have used
it for policy-decision and advocacy purposes and GIS has played a very vital
role guiding decision making.
–Participant belonging to a non-government organization.
We have been able to add more value to our reporting, since our
stakeholders do not only read the literature on the reports but they are able
to see the maps where changes are taking place. So GIS has helped us
improve on the quality of reporting and accountability.
–Participant belonging to a UN international agency
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Table 3.6: Reasons for using GIS technology.
Reasons of using GIS technology in existing thematic activities
To know spatial locations and distribution of health facilities, to know which people receive services from specific
health facilities, and to know the quality of services in relationship to the population they are supposed to serve
To generate evidence for policymaking and decision-making, facilitating stakeholder analysis, and supporting
equitable distribution of services and limited resources
To track performance, monitor progress, and evaluate interventions (helps to know service provision trends and
gaps, and forecast)
To locate patients, visualize the disease burden, facilities, activities, and services, and to avoid duplication of service
delivery and limited resources
To access, exchange, share, and update information and data about a particular facility, and analyze, report, display,
store, retrieve, and interpret reports, and present and disseminate results with evidence
To display and present data, information, and findings, and view information as visual presentations, which are
easier to read and interpret than literature and tables
To provides a summary of different geographic locations of intervention coverage and activities and sources of
information into a single map
To know who is doing what where (3Ws) to avoid duplication of similar services and guide/improve in the
coordination of service providers
For fleet management and tracking vehicle movements
For efficiency planning of activities to choose priority areas to target interventions and equitable distribution of
resources to the rightful beneficiaries
Gives accurate results, real-time reports and saves time
Easy reporting of accountability and transparency mechanism
Availability of already skilled GIS staff, and technology is rapidly growing and widely used
To cut down operational costs
To determine accessibility, the coverage the health facilities serve (catchment areas and target population),
distances that clients travel to access services from the nearest health facilities or VHTs to their households
Influence and demand requirement of top management to improve organization performance and to use maps for
dissemination of information
Organizational mandate to map facilities in country, monitor and track coverage of services (e.g., immunization)
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Frequency
42
36
32
27
26
25
16
16
15
12
11
11
8
7
7
5
5

Reasons of using GIS technology in existing thematic activities
Determine areas prone to diseases, and show populations at risk, thus helping determine programs of intervention,
including awareness
A need to develop a database for information flow to be used for planning, monitoring, and evaluation
Reduces bulky paper work, to simplify storage which makes work easier in retrieving information of interest
Very powerful and good advocacy tool to create coordination and look for opportunities of funding as the coverage
of information is better when using maps compared to tables
Help in enforcement, inspection, and operations of drug shops, ascertain those drug sellers who are accredited to
meet the requirements in terms of qualified and licensed personnel to strengthen and emphasize ethical issues in
drug management
The best option for mapping, determining the trends and explaining HIV/AIDS prevalence and incidences to know
the population receiving services and the quality of service
Improve on the efficiency and effectiveness of resource management for service delivery, health outcomes in the
health sector to make sure there is up-to-date information for decision-making
Identify suitable areas to develop health facilities, the local community organizations to work with to create change
for needy people
Total

Frequency
4
3
3
3
3
2
2
2
323
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GIS technology has also been integrated in statistical analyses to make
inferences in relationships between a number of dependent and independent
health variables, both in time and space. In addition, GIS technology has been
used by several GIS-user organizations in our study as a database and
information-management system. For example, an interactive Web-based GIS
application and DevTrac system (http://www.devtrac.ug/statistics) developed
by Mariestopes Uganda and UNICEF, respectively, have allowed easy access to
information, which facilitated wider use, updating, sharing, and learning. The
DevTrac GIS application is considered an effective way of reaching many people
of different organizational categories, as it is generally based in visual
presentation. As quoted by one participant:
If you can just look through DevTrac, you would find at any one point or
anyone that is going to the field is filling in a report in DevTrac. This report
has the data they collected, date visited, and the days they have been in the
field, and it also documents the locations they have gone to whether health
facilities, schools, or water point, or even to other district offices. The
information is then geocoded (given spatial reference) within DevTrac and
reports are tagged to these locations. So there is continuous data input
within the system by the people in the field. So, it is a system that is being
used not only within UNICEF building, even right now there are people using
it in Gulu and Moroto et cetera. So the DevTrac system is just on demand. If
I would want to know which places, I would have a questionnaire within
DevTrac, with questions on health facilities indicators (e.g., how many
health professionals in a health facility have not received training on
violence and abuse against children; if the health facility doesn’t handle such
cases, do they refer; is the health facility receiving cases of children who have
been emotionally, physically, or sexually abused in their causality or the
pediatric department). Other indicators can be on the availability of routine
immunization vaccines against measles and polio, on sessions held in the last
calendar month, and the availability of malaria drugs. Thus, someone can
get immediate information aggregated from all those people who input
information in DevTrac.
–Participant belonging to a UN international agency
Reasons for Not Using GIS Technology in Potential Activities
The users of GIS technology reported limited use of GIS technology for
organizations’ activities, as opposed to its potentials. The extent of data capture,
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analysis, and integration is limited by staff skills and expertise to handle GIS
assignments effectively, GIS technology use is not a priority for current
organization activities or not required by the organization, there is a lack of
financial resources or a limited budget for GIS activities, and there is limited
knowledge of the benefits of GIS technology use and of other health-related
activities where it can be applied (see Table 3.7). Another factor was a lack of a
GIS environment or of an equipped GIS laboratory with associated software and
equipment (e.g., GPS devices to help in data collection, or heavy-duty printers to
print big-sized papers for the display of information). The findings indicate that
the organizations are not taking advantage of the technology to use it in other
surveys and studies being carried out by the respective organizations, due to
inadequately skilled manpower, limited personnel, and no dedicated personnel
to handle GIS data analysis and management for other components. Other
reasons hinged on the cost of the application, the time required to implement
GIS, and sometimes the lack of available lower-level and differentiated data, such
as updated population data. The captured data are sometimes limited and thus,
organizations are only able to undertake simple mapping that only shows the
distribution of facilities. This is attributed to the unavailability of resources and
skills. Most organizations prefer to focus on their areas of operation that directly
relate to their project goals.
The need and motivation for GIS technology use plays a critical role in the
institutionalization of GIS technology. GIS technology use should not only be
advocated for the sake of needy users, but must produce vital and useful
information that will facilitate learning and motivate users. It was noted that
some of the organizations are probably not finding much value in using GIS
technology, so they are not able to explore its potential beyond gathering data
and mapping them. As one participant belonging to a government/public
organization mentioned: “We could have used it, but no one motivated or pushed
for GIS use in research cohorts”.
It was also pointed out that a lack of finances contributes to the low
adoption of GIS technology use within some organizations. As one participant
said:
At the moment, GIS in not a priority in service delivery and we lack funds for
it. This may be because it’s not a priority, so no funds are allocated for GIS.
If GIS is given a priority, definitely funding would be available.
-Participant belonging to a not-for-profit, non-government organization
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Another participant belonging to a not-for-profit, non-government
organization mentioned that “it was not a requirement to track the supplies, so
we wouldn’t want to go into what we are not going to use, and sometimes
activities are given and done by demand”.
The non-users, on the other hand, mentioned different reasons for not
using GIS technology. The majority of the non-users did not know much about
GIS technology and thus, its added value was not appreciated. Some of them
thought that GIS technology could be a useful monitoring and evaluation tool if
they had an opportunity to use it, but they lacked the skills. It was also not
considered necessary by their organizations. Awareness was considered a key
factor in determining the wide application of GIS technology, and thus in
benefiting from its potential in managing data and reports. Again, an analysis of
benefits and trade-offs of GIS technology use is important if a wide application of
GIS technology is to be achieved.

3.4.3. Perceived Possibilities of GIS Technology
Potential Activities Suitable for Using GIS technology
After having discussed the current activities that require GIS technology use,
both participating GIS users and GIS non-users were asked for what potential
activities they could but had not yet used GIS technology. They were also asked
for which activities they would use GIS technology if it could have played a role
and they would have had a chance to implement it. The results indicate that
organizations differed in their ideas of activities that they could consider when
pursuing the use of GIS technology. Most of the GIS non-users indicated that they
would use GIS technology in the identified potential literature activities of health
care research and management, in relation to a Web-based GIS information
system to georeference facilities and resources, to surveys and research of health
facility access, to utilization and planning, service-availability mapping, and
performance reporting. In addition, health education, advocacy, and
communication of health messages to the communities was one of the GIS
activities mentioned by GIS non-users (see Table 3.8).
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Table 3.7: GIS users’ reasons for not using GIS technology for potential activities.
GIS users’ reasons for not using GIS technology for potential activities
Lack of staff expertise/Limited skilled capacity to handle GIS assignments effectively
Not a priority activity /Not required for the organization
Lack of financial resources/limited funds, limited budget for GIS activities
Lack of or limited knowledge of the benefits of GIS technology use and where it can be applied in health
Lack of GIS environment/Lack of equipped GIS laboratory (software/equipment like GPS devices to help in data collection)
Lack of appreciation from the organization’s senior management, lack of interest
Technology and mapping exercise is very expensive
Inadequately skilled manpower/Limited personnel, no dedicated personnel
Lack of opportunity or time/ Tedious work using satellite to capture coordinates
Lack of available lower-level and differentiated associated data, e.g., updated population data, lower-level epidemiological
data
No demand for such results, no motivation
No organization mandate, as some of the programs are implemented at the district level
Limited say on operational activities as most of the activities are funded with priorities
Not planned for initially, so no resources allocated
Old traditional attitudes of doing work, which tradition needs to be changed
Lack of access to data
Limited training
Nature of the sensitivity of health data and information is very sensitive
Lack of creativity, known to someone to write a report, there must be pictures and figures
Organization mandate not to upload data on a publicly accessible website
Routine behavior to hire a consultant to do GIS work
Terms of reference (due to terms and conditions dictated by the client that they are working for)
Confidentiality and security of individual data is highly protected and taken seriously
Data may be misused or used for other motives, such as political gain or abuse
Illiterate, and undecided on the system to be used
Total

Frequency
33
32
27
18
13
13
12
6
5
5
4
3
2
2
2
1
1
1
1
1
1
1
1
1
1
187
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The GIS users, on the other hand, were looking at exploring the potential
of GIS beyond basic data collection, analysis, and reporting, to more advanced
GIS analysis, such as spatial statistical analysis. The results indicate that most of
the GIS-using organizations would still continue using GIS technology in disease
surveillance: disease mapping, surveys and research, and fleet management and
vehicle, medicine, and health-commodities tracking. Also, the scale of application
was a key factor, as most of the GIS users are limited to their areas of
intervention, due to limitations in time and resources. Key observed potential
activities that are expected and not covered by the current projects include the
estimation of buffers around particular health facilities, patterns of disease, and
simulation, forecasting, and development of satellite imagery, climate modeling,
and disaster and risk management. Estimation of buffers around health facilities
helps understand the coverage of a particular health facility to determine the
number of households that can access services in that facility. This is critical for
allocating resources and services, to ensure effective service delivery. One of the
participants said:
We would get information in terms of maternal death which is normally
caused by the 3 delays (3Ds). The 1D is the delay in making a decision of
where to go, whether to go to the birth attendant or to the hospital, the 2D
is the delay to travel to that facility, as it may be far and you don’t have
means or money and that pregnant woman who is about to give birth is not
someone who should be dragged around, she needs very fast attention, 3D is
the delay at the facility, where the workers say the woman is not yet ready
to give birth, we don’t have gloves, the health worker is not around, wait for
doctor. Now these 3Ds can actually be mapped and linked to death or to
complications. The government can now think of a quick solution and make
decisions to solve this issue, based on mapping products to reduce death
rates because now there is clear evidence.
–Participant belonging to an education and research institute
Another participant said:

86

Table 3.8: Overview of potential multipurpose activities, and thematic activities.
Overall categories of GIS Specific GIS activities
Mentioned
activities
by GIS
users
Disease surveillance
Disease mapping
14
Disease modeling
1
Health care research and
Service-availability mapping
13
management (health
Health care research and
12
facility access, utilization,
management (health facility access,
and planning)
utilization, and planning): Surveys
and research
A Web-based GIS information system
10
Stakeholders and service-provider
4
mapping
Monitoring and evaluation of
4
organizations’
interventions/activities and
performance reporting
Human resource management
4
mapping
Education teaching tool
2
Functional GIS database
1
Coordination
1
Fleet management, and
Fleet management and vehicle
10
vehicle and medicine and
tracking
health-commodities
Mapping and tracking medicine
5
tracking
supplies and other health
commodities
Risk analysis
Risk mapping and analysis
5
Mapping solid waste and sanitation
4
management
Mapping pollution, floods, and
2
groundwater movements
Community health
Community health profiling
4
profiling
Health Education
Communication tool
1
Health education, advocacy, and
1
communication
Built environment and
Built environment and
1
neighborhoods
neighborhoods
Crisis management
Crisis management
0

Mentioned
by GIS
non-users
5
0
10
17

2
5
15

1
2
5
0
2
3
0
0
0
0
0
12
0
2

In our organization, we have what we call outreach activities where we have
models of approaching HIV/AIDS catch, that is provider-initiated model
service and client-initiated model. So for provider-initiated service, we go
out to a certain area or market and then carry out HIV/AIDS testing,
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counseling whereby we give these services in a particular area of most-atrisk populations (e.g., track drivers, prostitutes, fishermen, discontent
couples). Thus, GIS is an important tool that can easily be used to map and
show us locations of densely populated areas that are most-at-risk, like
tracking where drivers stop and sleep in the evenings. So we can use our GPS
devices to move around the whole country identifying those places and
picking their coordinates which we would display on a map to see the
distribution of these most-at-risk populations. So for us, we shall know we
are going in such and such an area which is many kilometers from the AIDS
information centre (AIC). The services we provide in our organization are
HIV/AIDS care, counseling, and testing. As we also enroll in care services, we
further provide home-based HIV counseling and testing. So, counselors in the
future would have to move to the clients’ homes who are being provided care
services. GIS technology would help us locate the homes of these clients and
it would help the organization to know where these clients are staying and
their distribution in the country.
–Participant belonging to a non-government organization
In addition, fleet management and vehicle, medicine, and healthcommodities tracking is a GIS activity identified by both GIS non-users and GIS
users. In fleet management, GIS technology would be used to monitor and track
the movements of vehicles, for example to know how fast a vehicle is moving and
where it is located at a specific time, and this operation will be linked to the
database so that it is monitored at the office. Then, reports can be generated to
know where the vehicle has been within a week and how much distance it has
covered. One participant belonging to a GIS-using organization reported:
We would also use GIS to carry analysis on the roads to identify black spots
and rectify the black spots because they are many, for example along
Masaka road. If a brochure of black spots were produced, displayed on a
map, and circulated to all drivers, then at least they would know or installed
it in vehicles systems like when the vehicle approaches that spot, the volume
goes off and then the driver will realize that this is a black spot, I should not
dare to overtake, or some warnings are installed in the vehicles which
sensitizes people and immediately the warning goes off, people realize that
the driver is not focused on driving, then people can at least complain to him.
–Participant belonging to an education and research institute
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On the thematic activity of buffering health facilities, one participant said:
We would also use GIS to estimate the buffers around health facilities. This
is to know service coverage of a particular health facility and to know a
population of a particular area. Buffers are establish to know the estimated
number of people that can access services in the nearest health facility to
their localities and be able to plan for these number of people to access
health services in a particular facility. Then compare these numbers with
how many people have actually accessed services in a particular area to
know the health-seeking behaviors of this population, service necessities of
this particular population e.g. given that 20% of the estimated population
covered by the buffer is accessing services from the health facility, where is
the remaining population accessing services from? Are they accessing
services from traditional healers? After establishing the buffer, someone can
use qualitative or quantitative interviews with the residences to establish
where they access health services from and why they don’t get services from
the nearest health facility? The reasons may be, because the health workers
are never there at the facility or there is no medicine. Thus. Buffering leads
to know the problems the communities are facing by not accessing the
services in those facilities, the challenges in the healthcare system. By
creating one buffer to answer these questions and ask more questions, gaps
are identified in the health service delivery, interventions are designed for
the population. After buffering, we would produce maps and get information
related to accessibility to services and initiate outreaches, how far is the
health facility from where the population is located? Because buffering can
show coverage and the location of the facility say average 30 kilometers
from where most of the population is concentrated. So since the majority of
the population is far away from the health facility, outreaches are initiated
in these areas where the population is concentrated. Because maybe it’s one
of the reasons people are not accessing health services from that particular
health facility.
For instance, if we have a map showing concentration of people in a
particular district, we can use the existing health facilities which have been
displayed on a map to show which concentrated areas need new health
facilities and then develop HCII or HCIII. So the buffers will show the areas
which are not covered or not served according to the estimated buffer
distance facility and then we can plan a health facility for that area.
–Participant belonging to a not-for-profit non-government organization
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GIS Non-Users’ Reasons for Using GIS Technology for Potential Activities
Findings indicate that organizations differed in the reasons for using GIS
technology for potential activities (see Table 3.6). Table 3.9 summarizes the
reasons GIS non-users reported for their willingness to use GIS technology.
As reported in Table 3.9, of all the participants who reported wanting to
use GIS technology for various potential activities, some reported to use GIS
technology to identify gaps in service delivery and interventions programs, to
determine the boundaries of a study area, and to ease tracing the location of
study participants to strengthen research operations and activities. Other
participants wanted to use GIS technology to increase transparency and
accountability. In some organizations, the participants gave more than one
reason for wanting to use GIS technology for potential activities if they had a
chance to implement it. For example, one participant belonging to a nongovernment organization reported that “GIS would be used for determining gaps
in our intervention clinics, hospitals, to know how many health workers are in a
certain facility, and to determine gaps in equipment possession in each facility”.
Two other participants from a not-for-profit non-government organization said:
GPS is used to help us determine our study areas and the distance area of
where we are going to recruit the patients and we mostly deal with children.
In using the GPS for locating children and patients, first of all, when we are
recruiting patients, we do estimates, say from Kampla to Wakiso is 50
kilometers, so when we are recruiting, we drive along the road and we
determine to know where the 50 kilometers stop. So when we are recruiting
children, all the children who are within 50 kilometers lie within the distance
we want to plot. Then, when a mother tells us that she stays in Wakiso but
we know Wakiso is within the 50 kilometers, then we recruit that child.
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Table 3.9: GIS non-users’ reasons for using GIS technology for potential activities.
GIS non-users’ reasons for using GIS technology for potential activities
Ease monitoring and evaluation, generating performance reports to give visual display descriptions of interventions,
services, and activities
Provide evidence-based information for planning and faster decision-making, prioritize services, and enable improved
service delivery
Ease analysis, display, updating, access, sharing, and real-time tracking of records, data, and information, distribution of
results and save time
Identify gaps in service delivery/interventions
Equitable allocation of resources, workload, services, logistics to the right beneficiaries to minimize wastage of resources
Identify locations of most-at-risk populations/target clients (to provide HIV/AIDS, TB services)
Determine client accessibility for health services (determine the number of clients accessing services in a particular
facility, and distances clients travel to access services from the nearest health facility)
Ease to locate facilities, map services, activities, interventions, and locations, map field sites and beneficiaries
Provide faster, accurate, and precise results, real-time data and information, make timely and informed decisions
Determine field operational costs, reduce operational costs, and save time
Ease patient follow-up when they start (HIV/TB) treatment (to avoid treatment failure)
Avoid duplication of services and limited resources
Ease tracing locations of disease outbreaks, affected communities, and spread to know numbers affected
Provide storage, quick reporting, access, communication, and availability of information for references
Communicate, advocate, and promote good health habits (health education)
Determine proper health facility site identification and allocation location for development
Ease monitoring of the spread, extent, and tracking of disease prevalence, incidences, and disease burden
Identify catchment areas, and determine activity boundaries (e.g., for blood donations)
Provide a summary of different geographic locations of intervention coverage, and activities and sources of information
into a single map
Determine boundaries of study area, and ease tracing of location of study participants to strengthen research operations
and activities
Attached geographic component on the information disseminated using maps
Determine who is doing what where, and type of services they are offering
Ease monitoring/control of fleet management and vehicle tracking

Frequency
23
23
18
18
16
15
14
14
14
10
9
8
8
8
6
6
5
5
4
4
3
3
3
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GIS non-users’ reasons for using GIS technology for potential activities
Ease tracking, procuring, distribution, and supply of health commodities/medicines
Ease advocacy and coordination of activities, publicity for blood donation drive, and counseling of donors affected with
HIV/AIDS or TB
Existing IT infrastructure and rapid advance in the technology
Know location of service provides (VHTs, counselors providing counseling services to clients), areas of higher and lower
fertility rates
Advocate for increased access of health services, networking to strengthen information management
Other (increase transparency and accountability, flexible and efficient, reduces the bulky paper work )
Total
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Frequency
3
3
3
3
3
3
255

Well, it’s one of the easiest ways to locate where patients stay and as our
studies work within the distance of 50 kilometers, like the UO1study is a
clinical trial and it works within a radius of particular patients of 50
kilometers, so with GPS, we can easily tell and identify people who are within
that radius, where they are located. For example, if we travel from our offices
to the Wakiso district, the GPS will show us the coded children in UO1 and
they are within the radius and that is where our study is concentrating with
those children in those areas. We also used the GPS in our research studies,
because we can easily download all those study IDs and feed them on a
computer in Google earth and even be able to send that information to a
person who is in the United States and they can receive that information to
see what we are doing.
Our findings suggest that what could make GIS technology broadly used
are its possibilities of monitoring and evaluation, generating performance
reports, providing evidence-based information for planning and decisionmaking, and prioritizing services and enabling improved service delivery. GIS
technology will also be used to ease the processing, analysis, display, updating,
access, sharing, and real-time tracking of records, data, and information, to ease
the distribution of results in order to save time, to manage data, to track and
surveil vehicles, to plan and make decisions concerning the supply of services in
affected areas (particularly TB- and HIV-affected areas), to display areas of
interventions, and to equitably allocate resources, workload, services, and
logistics to the right beneficiaries to minimize wastage of resources.

3.5. Conclusion and Discussion
Assessing GIS technology use in health sector organizations helps us understand
the opinions and views, and the current nature of GIS technology use from the
health perspective. As the growth of GIS technology use widens, we need to
understand how it is used for health and health-related activities, and we need
to understand the perception of the users. The findings from this study revealed
that a good proportion of the participating Ugandan health organizations are
using GIS technology. It was further revealed that many of the GIS-using
organizations in Uganda are non-government organizations, with a majority of
them being UN agencies, special-project organizations, not-for-profit nongovernmental organizations, and other privately owned organizations and
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institutions. Organizations that were not using GIS technology did not have the
software, and the majority of the participants from these organizations did not
have the knowledge of GIS technology. At least some of them could define GIS
technology, but they could not articulate detailed uses of GIS technology.
On the other hand, organizations that were using GIS technology were
able to confidently explain what GIS technology is and how it can be effectively
used for their daily work.
However, over the years, different disciplines suggested many definitions
of GIS technology, that acknowledge that geospatial data are unique, because
geographic location is an important attribute of activities, plans, strategies, and
policies. A GIS is a computer system that can store any information found on a
paper map, which can be more helpful than a traditional, detailed, analogue map.
In addition, GIS technology can be used for displaying maps on a computer screen
and for providing detailed information about features such as buildings, streams,
rivers, roads, and railways. GIS technology can facilitate quick searches and
analyses of map features and their attribute data in ways that are not possible
with paper maps. Defining GIS technology can be very difficult, due to its rapid
rate of development, commercial orientation, and multiplicity (Clarke, 2001;
Maguire, 1991). The commercialization of GIS activities has led to the growth of
GIS specialists who are offering conflicting information and advice about GIS
technology use. Thus, the extensive use of GIS technology by various groups of
users can make it difficult to define GIS technology use (O'Looney, 2000). Due to
GIS evolution, different definitions evolved as they were needed, so GIS can be
defined in many ways depending on what one is seeking.
Our definitions of GIS indicate that GIS provides users with a variety of
tools for capturing, managing, and linking attribute and geospatial data,
advanced modeling functions, design and planning, and advanced imaging
capabilities. This shows a uniqueness of GIS technology use, namely supporting
users in analysis, decision-making, and cartographical representation of objects
in accurate geospatial systems. Many of the existing definitions cover a wide
range of activities, subjects, and have a single common feature, as GISs are
systems dealing with geographic information. According to Maguire (1991), “in
GIS, reality is a represented as a series of geographical features defined according
to two data elements. The geographical data called locational-data element, is
used to provide a reference for the attribute data called statistical or nonlocational-data element” (p.11). Maguire (1991) provides an example of
administrative boundaries, point locations of hill tops, and river networks as
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geographic features used to provide a reference for, respectively census counts,
site elevations and river water flows. Hence, the geographic element is seen as a
key element which differentiates GISs from other information systems.
The ability of GISs to incorporate geospatial data, to manage and analyze
these, and to answer geospatial questions also distinguishes it from other
systems. Common to these definitions is the geospatial data uniqueness which
can be linked to a geographic map. Geospatial data is data that can link locations
on or near the earth’s surface to properties of those locations which can be
handled by GIS technology. In addition, geospatial data is related to the space
around us, in which we live and function. The results indicate that GIS technology
is a management tool used to collect, process, analyze, and disseminate
geographically referenced data and reports, and to guide in distributing health
resources and in mapping target populations.
According to Maguire (1991) and Longley, et al (2005), GIS can be
expressed as “a collection of six key components that successfully enable it
operate well: i) computer hardware, ii) computer software, iii) geographic
(cartographic) and attribute data, iv) GIS-trained personnel, v) procedures
(statistical techniques and methods for data modeling and analysis) and vi)
network” (pp. 22–25). These GIS functionality and tools can depend on six
operations to successfully solve and find solutions to real-world problems. Thus,
to understand how GIS components are used in health and health-related
activities, we formulated both broad and specific GIS activities, based on the
literature and on the responses provided by participants, respectively. The
discussion on the use of GIS technologies for health-related activities is based on
the broad activities as identified in the literature. Figure 3.2 indicates how
frequently GIS technology has been applied in different broad activities in health
sector organizations in Uganda.
The findings of this study indicate that more and more Ugandan health
sector organizations use GIS technology in different kinds of health-related
activities, for evidence-based planning, decision-making, research efforts, and
equitable allocation of limited resources. GIS technology determines areas prone
to diseases and shows populations at risk, thus helping to determine programs
of intervention, including awareness. On top of that, GIS technology provides an
easy way of updating, accessing, sharing, reporting, displaying, storing, and
retrieving information and data about a particular facility, it provides an easy
way of interpreting reports, and presenting and disseminating results with
evidence. GIS technology further provides quick integration and analysis of data
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from different geographic locations (on intervention coverage, activities, and
multiple sources of information), with a visual display of information into a
single map. Using inexpensive and open-source software, GIS technology has
been used to identify villages at high risk of sleeping sickness (Odiit et al., 2006),
and to analyze the spatial distribution of early- and late-stage sleeping sickness
detection by health facilities as a measure of sleeping sickness surveillance
efficiency in eastern Uganda, which is vital for disease control and the forecast of
individual patients (Odiit et al., 2004). Odiit et al (2004) highlight that the
application of GIS technology for detecting stages of sleeping sickness is
informative and a powerful means of determining the efficiency of sleepingsickness surveillance.

Health care research and management(Health facility…

252

Broad GIS activities

Disease surveillance: Disease mapping

48

Community health profiling

24

Strategic health planning

23

Fleet management and vehicle and health…

23

Health education, advocacy and communication

12

Risk analysis

11

Crisis management

Frequency

5

Food security/insecurity and Health nutrition… 4
Coordination and Monitoring immunization programs

4

Disease surveillance:Disease modeling

4

Built environment and neighborhoods

0
0

200
400
Number of thematic GIS activities

Figure 3.2: Overview of activities where GIS technology has been used in the Ugandan
health sector.

Previous studies described in Chapter 2 of this dissertation demonstrated
that the eight general activities considered in this study are balancing, and that
GIS technology can be used in these health-related activities no matter which
part of the world the health organization is located in, as was confirmed by our
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study (see Figure 3.2). Given the opportunity to implement GIS technology in
health sector organizations, health professionals, researchers, decision-makers,
and policymakers would use a GIS with a combination of its associated
technologies to identify geographic clusters of disease infections, areas prone to
diseases, most-at-risk populations, the distribution of health facilities,
populations receiving services from specific facilities, and the quality of services
in relationship to the population they are supposed to serve to guide in
addressing public health threats.
Our study showed that of the eight broad activities that were identified in
the literature, Ugandan health sector organizations have used GIS technology in
seven activities, namely in disease surveillance (disease mapping, disease
modeling), health care research and management (health facility access,
utilization, and planning), strategic health planning, community health profiling,
health education, crisis management, and risk analysis. GIS technology has not
been used in the activity built environment and neighborhoods by health sector
organizations in Uganda. The results also show that GIS technology can be used
for coordinating and monitoring immunization programs, for fleet management,
for tracking vehicles, health commodities, food (in)security, and health nutrition
livelihood, and for the advocacy and communication to the communities through
communication channels (e.g., TV, radio stations, websites) to pass prevention
information to the people to focus on promoting positive behaviors. For example,
abstain from sex to avoid contracting sexually transmitted diseases such as
HIV/AIDS, wash your hands after visiting a toilet, and sleep under insecticidal
nets to prevent and control malaria.
The findings of our study show that some of the specific GIS activities cut
across general activities. For instance, specific activities of disease mapping
under disease surveillance can be analyzed under the general activity health care
research and management. For example, one participant indicated that GIS
technology was used for “mapping for the census in the general Population
Cohort, Entebbe Mothering Baby Study, and Jinja Cluster Randomized Trial
project to identify clustering of disease and the location of participants”.
Despite positive attitudes toward the usefulness of GIS technology for
Ugandan health sector activities, it is very clear that some impediments hinder
its widespread use. The slow uptake of GIS technology use within the Ugandan
health sector, and especially within private health organizations, is a cause for
concern. The study results indicate that the private sector, which is known
worldwide to be innovative and technology-oriented, is still lagging behind in
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Uganda. The private sector, even though it is known as the pillar of developments
in other sectorial activities in the country, is lagging behind in GIS technology use
for Ugandan health sector activities.
All participants agree that explaining how GIS technology can be used in
health sector organizations in Uganda should be the first step, as there is a need
to make sure they first understand, get knowledge, get trained, know various
activities where GIS technology can be used for, before using it full blast. GIS
technology cannot be utilized for advanced spatial analysis as long as the usersto-be still lack basic knowledge. As some participants highlighted, they need to
know where to go for trainings, they need to be sensitized about GIS benefits,
and presented practical demonstrations of its use from successful countries or
organizations.
Even though our study shows that Ugandan health sector organizations
are using GIS technology for their health-related activities, our findings also
show that the participants are still lacking expertise and still have limited
knowledge of GIS technology use, as most GIS activities are outsourced to
consultants.
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Chapter 4:
Sharing Geospatial Data in Ugandan Health Sector
Organizations
As the previous chapters have shown, sharing health information that was acquired
through a geographic information system (GIS) is beneficial. However, it is not a
given that sharing is the norm. This chapter presents a study that explored
Ugandan health sector organizations’ reasons for sharing and for not sharing
geospatial data. To that end, we interviewed 32 participants from 32 health
organizations that were not using GIS technology, and 57 participants from 43
health organizations that were, and compared the results. The interview analyses
identified key factors (i.e., technical, institutional, social, political, policy, economic,
legal, and cultural factors) that encourage or hinder health organizations’ choice
to share geospatial data with other health organizations. Based on these factors,
we provide recommendations for increasing geospatial-data sharing across the
Ugandan health sector.
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4.1. Introduction
In Africa, governments, organizations, UN Agencies, the donor community, and
development partners strive to eradicate, prevent, and control high rates of
disease spread to promote the economic and social development of communities
(African Union [AU], 2007). Geospatial data and information can play a vital role
in the examination and mapping of geospatial patterns of diseases (Messina et
al., 2010; Riedel et al., 2010), in planning and decision-making (Gething et al.,
2007), and in analyzing access to health services (Blanford et al., 2012) for health
sector activities to aid in the prevention and control of diseases. Hence, to plan,
make decisions, implement, and achieve development in various health
programs, we need geospatial data.
GIS technology is changing the way health activities are managed, and is
improving the ability and capacity to share, exchange, access, collect, maintain,
and use geospatial data in a digital environment. Most health activities depend
on geospatial data to map where things are (e.g., in order to know the location of
disease outbreaks), to map densities (e.g., populations at risk), to map change,
and to map quantities (Shaw, 2012).
Health sector organizations rely on geospatial data to know where things
are, to understand how they relate to each other, and to guide them in a wide
range of crucial activities: disease surveillance, evidence-based planning and
decision-making, risk analysis, crisis management, health care research and
management (health-facility access, utilization, and planning), community health
profiling (Nykiforuk & Flaman, 2011; Shaw, 2012; Tanser, 2006a), fleet
management, vehicle and health-commodities tracking, coordinating and
monitoring immunization programs, food (in)security and health nutrition
livelihood, and health education.
Since Uganda faces challenges in all these areas, producing and sharing
geospatial data to guide planning and making evidence-based decisions is
extremely important. Previous work as described in the literature already
explored a wide range of GIS technology use in Uganda, including rural electricity
planning (Kaijuka, 2007), determining the spatial distribution of underweight,
overweight, and obesity among women and children (Turi et al., 2013),
surveillance of sleeping sickness (remote sensing) to identify villages at high risk
for sleeping sickness (Odiit et al., 2006), determining spatial and temporal risk
factors for the early detection of sleeping sickness patients (Odiit et al., 2004),
identifying areas with an elevated epidemiological risk of sleeping sickness

100

(Wardrop, Fevre, Atkinson, Kakembo, & Welburn, 2012), and mapping neglected
sleeping sickness (Fevre et al., 2001).
Thus, GIS technology has been applied in the health sector, has produced
a vast amount of geospatial data, and has proved to have the potential and
efficiency for contributing to health in Uganda. This raises the question which
factors influence the sharing and non-sharing of geospatial data between health
sector organizations. Previous work in these areas (Kevany, 1995; McDougall,
2006; Onsurd & Rushton, 1995; Warnest, 2005, Wehn de Montalvo, 2003)
received criticism for mainly focusing on the geospatial data provider’s
perspective (Paudyal, McDougall, & Apan, 2010). Therefore, we considered
influencing factors on the sharing and non-sharing of geospatial data from a
user’s perspective. Thus far, no studies have been conducted that were aimed at
understanding the status and willingness of health sector organizations or
individuals towards geospatial-data sharing in the Ugandan health sector.
Our research questions are:
• Which factors influence the sharing of geospatial data between health
sector organizations in Uganda?
• Which factors are currently hindering the sharing of geospatial data
between health sector organizations in Uganda?

4.2. Theoretical Background
Developments in information and communication technologies have changed
the way information is transmitted and disseminated, thus making
communication one of the most powerful tools for modernization and
development. Many frameworks and theories have been identified in the
literature that were developed to address issues concerning the sharing of
geospatial data.
Previous work addressed the question which factors enable, encourage,
hinder, or block the use and sharing of GIS data (Geo-Information
communication [GIC] & Canada, 2011; Karatunga, 2006; Nyemera, 2008). Table
4.1 presents an overview of the problems hindering the sharing of GIS data
between Ugandan health sector organizations, according to the abovementioned authors’ works.
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Table 4.1: Problems hindering the sharing of geospatial data in health organizations.
Condition of geospatial data
Problem identification
Difficult to get integrated
Different data formats and
standards, incomplete data,
disjoined data, fragmented
data
Data redundancy, overlapping mandates
Overlapping activities,
overlapping data production,
difficulties in assessing data
quality
Difficult to access, lack of data sharing
No national network system,
lack of sharing standards
Inadequate technology, inadequate GIS software, lack
Unreliable electricity to
of good communication channels
support data sharing
Lack of information about spatial data availability and No national data policy, lack
about the procedure to acquire spatial data
of metadata
Lack of funding, lack of will to collect data, lack of will
No defined data policy
to keep data up to date in the future and acquire
funding for this, sharing the costs among users and
producers is a challenge
Lack of ownership, lack of custodianship, lack of
No defined data policy
mandate for datasets
Outdated/static (i.e., no clear) updating mechanism
No defined data policy
Lack of defined pricing of data
No defined data policy
Uncertainty of copyright to protect spatial data
No defined data policy
Lack of geospatial policies
No formal agreements or
processes to address privacy,
access, use, pricing, and
liability of geospatial data
Fundamental datasets are not well-defined (i.e., user
No defined data policy
needs are not well-articulated)
Limited digital core and thematic datasets, limited
No common policy and
standards
standards on data production,
usage, and sharing
Source: Adopted from (GIC & Canada, 2011; Karatunga, 2006; Nyemera, 2008)

Motivators and Obstacles for Geospatial-Data Sharing
Geospatial-data sharing as a means to reduce redundancy and duplication of
dataset collections needs to be handled with care, because it includes
organizational and institutional issues, technical and technological issues,
political issues, legal considerations (confidentiality, liability, pricing), and social
and economic factors (Harvey & Tulloch, 2006; McDougall, 2006; Paudyal et al.,
2010). In the literature, factors that influence the process of geospatial-data
sharing were also identified as motivators, barriers and benefits or outcomes of
data-sharing (Mansourian and Valadan-Zoej, 2008; Masser, 2005; Nedovic-Budic
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& Pinto, 1999; Nedovic-Budic and Pinto, 2000; Nedović-Budić, Pinto, &
Warnecke, 2004; Sebake & Coetzee, 2011; Sebake & Coetzee, 2012; Thellufsen et
al, 2009). For example, Sebake and Coetzee (2011), McDougall (2006) NedovicBudic and Pinto (2000), Nedovic-Budic, Pinto and Warnecke (2004), Masser
(2005), Harvey and Tulloch (2006), Mansourian and Valadan-Zoej (2008),
Thellufsen et al. (2009), and Paudyal et al. (2010) identified benefits and barriers
of geospatial data sharing (see Table 4.2). The aim of these frameworks and
theories was reducing duplications and redundancy, and saving organizational
resources by sharing available geospatial data and technology. This can be
achieved when various government and private-sector organizations build a lot
of data and are willing to engage in geospatial data sharing across organizational
boundaries. However, although several frameworks, models, and theories have
been developed, none of the authors of these frameworks has determined the
most effective geospatial sharing index factor suitable for each country or the
world. Most of these frameworks do not recognize the vital organizational
complexities and context, and are based on the author’s individual
understanding and experiences with geospatial-data sharing, which provided
the basis for understanding the current sharing issues (McDougall, 2006). Some
of these frameworks and theories have been empirically proven. For example,
Nedovic-Budic and Pinto (1999), Wehn de Montalvo (2003), Nedović-Budić,
Pinto and Warnecke (2004), Harvey and Tulloch (2006), Paudyal et al. (2010),
McDougall (2006), and Lubida, Pilesjö, Espling, and Runnström (2014) tested the
theory of planned behavior to explain geospatial-data sharing.
This study mainly used Salleh and Khosrowshahi’s (2010) ideas to derive
categories that positively and negatively influence geospatial-data sharing in
Uganda. Understanding the influencing factors of geospatial-data sharing
enabled the researchers to develop sharing strategies. May be an increase in
geospatial data sharing, in turn, may accelerate initiatives to develop spatial-data
infrastructures (SDIs).

4.3. Method
The overall design of the research was described in section 1.5. In this study, we
focused on those parts of the interviews that addressed organizations’
willingness to share geospatial data, both between GIS-using health sector
organizations and across the GIS arena.
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Table 4.2: Benefits and barriers of geospatial-data sharing.
Benefits
Cost savings by sharing the costs of implementing spatial databases among
participating organizations.
Reduced time on data collection and decision-making (i.e., spatial-data sharing
reduces time spent on collecting data that has already been collected).
Increased data availability due to larger collections of archived data than would be
held by one organization, thereby offering a bulky amount of geospatial data.
Multiple datasets and maps.
Improved data quality where participants use data formats and standards perceived
to improve data quality.
Improved user satisfaction.
High returns on investments.
Improved decision-making by sharing information.
Enhanced organizational relationships, because cross-organizational relationships
promote greater cross-organizational communication.
Cost savings due to less redundancy and duplicated efforts in collecting and
maintaining data.
Barriers
Lack of both human and technical resources; incompatible old systems; lack of
support from management; staff turnover.
Costs of coordinating activities of multiple organizations (e.g., networking costs).
Poor implementation of standards where organizations are not applying common
data definitions, formats, standards, and models (lack of common data definitions,
formats, standards, and models)
Conflicting priorities among participating organizations, causing separate
organizational interests (e.g., leadership, data standards, equipment, training, and
access to information).
Data confidentiality, liability, and pricing.
Differences in GIS facilities, level of awareness, and skills in handling spatial data.
Differences in data quality.
Power disparities and differences in risk perception.
Lack of leadership and coordination mechanism.
Conflicting priorities.
Costs of data recovery, copyrights, and legal liability.
Lack of trust, unequal commitment from participating organizations.
Cultural, political, and institutional issues.
Adapted from (Paudyal et al., 2010; Sebake & Coetzee, 2012)

4.4. Results
4.4.1. Sharing of Geospatial Information
Not all organizations that were using GIS technology shared their data. Our study
findings (see Table 4.3) show that 44% of the interviewed participants shared
data with other health sector organizations in most cases to a greater extent,
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while 14% participants shared data greatly, 12% of interviewed participants
only shared data limitedly with specific groups they had partnership with, 19%
of the participants shared data in minimal manner with health sector
organizations they had similar activities with memorandum of understanding.
Another group of 11% of participants did not share data with other health sector
organizations, but only shared data internally within their organizations, the
districts they were working with, and areas where they were implementing
health programs.
Our study findings indicate that there is a willingness to share geospatial
data between health sector organizations or individuals in Uganda. A broad
range of data-sharing possibilities emerged. Two participants said:
We do share to a large extent. That is, we are strengthening the capacity of
government by building the geodatabases at MDR-TB facilities. After
collecting coordinates, we were able to populate these geodatabases
established in those health facilities, for example in KCCA, Mulago, Kitgum,
and Mbarara. These are our intervention sites that we are supporting, but
for sustainability issues, we were able to invite health workers from these
different MDR-TB treatment centers, such as Arua, Mbale, and other
regional referral hospitals for GIS training and we expect continuity of
sharing this information.
- Participant belonging to a not-for-profit non-government organization
As one of our mandate we share back with our implementing partners to a
greater extent who in one way the other are responsibly implementing an
activity in the health sector due to the fact that they are serving under the
PEPFAR-USAID umbrella. For example in some previous projects, we had
around 5 African and European partnering countries, so it was a key that
data should be exchanged and shared amongst the partners, were we
standardized the reporting and defined data format.
- Participant belonging to a project-based organization
Other participants who reported sharing data to a minimal extent said:
To a smaller extent, because not every organizations is using GIS and not all
organizations appreciate its importance, and that is why we find there are
overlaps in organizations activities. For example there are many different
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organizations providing HCT and TB services being provided in just one
district creating overlaps.
- Participant belonging to a non-government organization.
Table 4.3: Overview of the extent of geospatial data sharing.
Extent of GIS use for sharing geospatial data and
GIS-users (57 Participants)
information
Frequency
Percent
Greater57 GIS-using participants
Great
Small/limited
Smaller/ minimal
Don’t share
Total

25
8
7
11
6
57

44
14
12
19
11

Not so much in other words to a smaller extent, unlike places like UBOS were
they have a GIS unit and are always doing GIS activities, here it’s like a by
the way. Also am not purely GIS person and the organization is lucky that I
did my own training in GIS and bought my own ArcGIS software. The
organization has never gone out looking for somebody who did GIS, its’ not
a daily routine activity, we can take a long time without doing GIS work,
which comes once in a while.
–Participant belonging to a UN international agency.
Others did not see sharing as a fundamental part of their responsibilities,
and provided reasons for not engaging in it. One participant said:
Our usage of GIS technology for the exchange of geospatial data with other
health sector organizations is very minimal, because we don’t have the
capacity to update it, not much data and information in our database to
offer other organizations.
- Participant belonging to a government/public organization.
Other participants who do not share data at all, said: “The challenge at the
moment in sharing data and information is the behavior and attitude of some
people personalizing data and fearing competition, organizational policies,
security reasons; confidentiality of specific data types e.g. HIV/AIDS status of
individuals”. One participant belonging to a government/public organization
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said: “Because some studies data are confidentially dealing with individual
patients we don’t share data with anyone but exchange and share internally”.
Organizations that share information currently do so through emails,
annual reports, websites, seminars, office visits, workshops, and conferences
where particular information is shared based on the theme of the meeting. Some
organizations have annual health-sector reports, annual sector meetings with
stakeholders, and review meetings as avenues of information sharing. In general,
there are various means of sharing information, for example through technical
working groups (e.g., inter-ministerial working groups, geo-information
working groups, and environmental information networks) and institutional
mechanisms/formal meetings with stakeholders in various forms (e.g., senior
and top management, a committee, all ministerial reviews in the health sector,
annual national health assembly) in which information is shared with the
districts and all other ministries who are concerned with health.

4.4.2. Why People Share: Factors That Influence Data Sharing
We identified six categories that explain why geospatial data are shared with
others: availability, necessity, efficiency, collaborations, learning, and
accountability (Table 4.4). To have effective sharing and collaboration between
health sector organizations in Uganda, organizations should focus their attention
on these sharing indices.
Availability refers to the presence of crucial parts in order to be able to
execute GIS functions (e.g., the IT infrastructure which facilitates geospatial data
sharing). The presence of the geospatial data itself is a factor, because lacking
these data makes sharing impossible. The skills and competences to use and
share geospatial data are also essential. One of the participants said: “The
existence of IT infrastructure such as internet, computers, skilled manpower,
software, GIS environment or space, et cetera, which makes it easy to exchange
and share information”. Another participant said: “The biggest motivation for
sharing data is that data exist in one organization, but not in another, which is a
very common scenario”.
Necessity refers to the type of data one needs to have in order to be able to
function at all. Geospatial data sharing is inevitable in some cases, for example to
fulfill the agreements in contract work or to perform one’s core business. One
participant said: “Interest and usage for which you might need the data, because
if you don’t have its use, even when you are provided with information, it will be
of no value to you”. Another participant mentioned: “One of the biggest factors is
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the need to improve service delivery, and access to required geospatial data from
other organizations has been our biggest motivator for collaboration and for
exchanging and sharing data and information”.
Efficiency refers to the awareness that better performance through
standardization or waste avoidance are key motivators for sharing geospatial
data. Standardization of data types and reports, the reduction of redundancy, and
the speed with which routine reports were compiled were reasons to share data.
A participant said: “The ease for dissemination when people quickly understand
maps better than written literature or other formats of presenting information.
So much can be presented within a map and it gives a good impression as
opposed to tables”. Finally, 42 organizations out of the 43 organizations were
aware of the sunk costs that come with GIS data collection. To finally arrive at
the situation that these data become available costs huge efforts and significant
amounts of money. Therefore, one can use data that are already available to
reduce costs. A participant mentioned: “One of the factors is that resources aren’t
enough. Ideally, all sectors can collect the data they want, but in cases where
resources aren’t enough, they have to share the available data from other
sectors”.
Collaborations refers to the networking and agreements or memorandum
of understanding with other organizations that lead to geospatial data sharing.
Such collaborations facilitate the use and sharing of geospatial data, either
enforced by regulatory institutions, or through outreaching boundary spanners.
Two participants said:
Some organizations have a memorandum of understanding to exchange
their information to avoid bureaucracies in organizations where someone
can take months without accessing information a person wants from an
organization. For example, when organizations are doing similar activities,
they tend to exchange and share experiences and knowledge, and learn from
each other’s mistakes.
–Participant belonging to a private organization
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Table 4.4: Factors That Influence Geospatial Data Sharing.
Factor
Category
Why it enables geospatial data sharing (N=43 GIS-using participant organizations)
Availability
The presence of crucial parts, to be able to execute GIS functions
Availability of IT
The use of internet, computers (26)
infrastructure
Availability of
Data available in one organization, but absent in another (23)
geospatial data
Free and easily accessible geospatial data (7)
Availability of demand or need and increase in use for geospatial data (7)
Skills and
Availability of GIS skills, knowledge, and capabilities to operate the technology (4)
competences
Leadership in top management having knowledge of IT (3)
Organization/individual behavioral attitude, willingness and motivation to share to identify
needs (12)
Necessity
Geospatial data are the type of data one needs to have access to, in order to be able to function at all
Essential data types
Need for specific/special type of dataset (3)
Relevance of the data to the health field (cannot do without) (5)
Contracts
Geospatial data are needed to fulfill obligations for contractor activities (e.g., consultancy)
(2)
Efficiency
Better performance through standardization or waste avoidance
Standardization
Improve data quality, standardize reporting, define data formats (6)
Reduce redundancy
Reduce duplication of efforts in collecting and maintaining the same geospatial dataset
(redundancy of datasets) (8)
Quick routine reports
Demand for data for writing routine reports and designing programs (7)
Reduce time spent in data collection and decision-making (4)
Reduce costs
Collecting geospatial data is too expensive, so better use the already available data properly
(12)
Lack of enough resources to collect the data an organization needs to run its activities (6)
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Factor
Collaborations

Category
Why it enables geospatial data sharing (N=43 GIS-using participant organizations)
Networking and agreements with other organizations lead to geospatial data sharing
Participating in
The nature of programs organizations are engaged in: Working towards common goals
networks
(having common interests), in similar operational zones, or doing similar activities or
interventions (18)
Collaborative projects: Working towards a common interest and an increase in the
availability of data (5)
Encourage collaboration, knowledge learning, capacity building, and GIS technology use for
sharing (4)
Having a memorandum of understanding between organizations. (12). Existence of
informal body networks (16)
Harmonizing,
Harmonize planning and interventions with the national strategic plan of the government,
nationally and
especially with the MOH (4)
internationally
Generate collaborations with other countries and within the country (10)
Existence of sharing platforms/forums, institutional/formal mechanisms, and a
coordinating body, such as a working group (19)
Following agreements Agree to work with compatible systems (2)

Learning

Increasing professionalism leads to better use and exploration of new possibilities
Sharing
Organizational learning: Sharing knowledge about the benefits of data sharing, sharing
experiences, and learning from each other’s successes and mistakes (28)
Expand networking to broaden areas of research, and to share knowledge and experiences
(24)
Professionalization
Need for evidence-based information for decision-making, proper planning, and disease
forecasting (11)
Division of labor
Identify gaps in the health system’s service delivery (identify where services are
concentrated, where these are sparse, and where these are non-existent in order to
adequately apply resources) (6)
Improve service delivery, avoid duplication of services, wastage of resources and reduce
time of accessing geospatial data (31)
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Factor
Accountability

Category
Why it enables geospatial data sharing (N=43 GIS-using participant organizations)
Providing evidence of efficiency, efficacy and added value
Show donors how the
A need to show accountability and transparency to donors, the public, beneficiaries, and
money is spent
the government (41)
Political influence: organization and government requirement, mandate, policy to share
non-confidential health information with other organizations or anyone interested (41)
Donor requirement: funded by the same donor (16)
Educate people by
Widen and ease dissemination, since people understand maps better than written
sharing insights
literature or other representation formats (2)
Equitable distribution of resources (5)
Establish the internal capacity and be able to share what has been achieved (1)
For advocacy purpose (for GIS use for health activities) and resource mobilization to get
more support from donors (8)
Reputation and image Good leadership to maintain the image of an organization (3)
Gain self-confidence (4)
Make GIS products visible, as maps are used as a communication means (4)
Positive acknowledgement and encouragement from data users (6)
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Institutional or formal mechanism to share where we have working groups.
So if there are institutional mechanisms, it’s easy to share when someone
attends that working group or GIS meeting and inquires for data within the
group, such as layer of health facilities. So when we share or exchange the
data, we avoid a lot of duplications of limited resources. We are operating
within our mandate as the central statistical coordinating agency and we
operate within the statistics act that states that data are free.
–Participant belonging to a semi-autonomous government organization.
Learning refers to an increasing professionalism that leads to better use
and exploration of new possibilities. Professionalization is highly important to
promote complex health issues and fight devastating diseases. While
organizations are handling various aspects, they are willing to share and learn
from others. This goes in hand with the availability of formal and informal
network and sharing platforms, that are basically based on who knows whom,
that facilitate information sharing and collaboration. In addition, participants
mentioned the relationships in the activities of various organizations, such as
working towards a common interest, doing similar activities or interventions, or
the same operational zones and coordinating bodies for information sharing.
These initiatives provide opportunities for information sharing and increased
collaboration across the sector and to the general public with an interest in
health issues. So learning and professionalizing increases geospatial data
sharing. In some cases, specific tasks were allocated to certain groups to become
more professional and specialized. Such a division of labor increased service
delivery. Furthermore, the awareness of interconnectedness and mutual
dependability led to increased geospatial data sharing. One participant said:
We stand to benefit if we share, for example if I want some data tomorrow
which someone else has, I will be able to access it, you don’t have to go to the
field also and do the same.
–Participant belonging to a UN international agency.
Accountability is, last but not least, important for GIS technology use as it
forces organizations to provide evidence of efficiency, efficacy, and added value.
Thereby, collaboration and sharing becomes crucial. One has to show donors
how their money was spent, and this also creates positive reputations. To be held
accountable also means to open up for sharing. A participant said:
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Accountability purposes to account to the donors, the public, beneficiaries,
and government, which shows a kind of transparency. For example, the MOH
has always encouraged the sharing of data between health sector
organizations, and it has encouraged through showing an example by
sharing data with others to inspire accountability and transparency.
–Participant belonging to a non-government organization

4.4.3. Why People Do Not Share: Problems That Hinder Data Sharing
We identified five categories that explain why geospatial data are not shared in
collaboration with other users: lacking resources, poor quality of data,
restrictions, leadership, and interorganizational boundaries (see Table 4.5).
Lacking resources comes in different forms, but the overall characteristic
is the absence of crucial parts, such as a health GIS infrastructure, proper
network connections, and GIS expertise. These are needed to be able to execute
GIS functions. For instance, participants mentioned the lack of a proper network
connection to access each other’s data. Without a suitable network, one cannot
share, and some existing networks are not capable of transferring the high
amount of geospatial data. This constraint causes real challenges and decreases
the success of spatial-data sharing. In addition, a lack of a suitable infrastructure
department for capturing data (e.g., a central depository or a common platform).
For example, there are too few GIS-specialist posts in the government
employment structures. Also, a lack of expertise is problematic. As one of the
participants said:
There is lack of GIS expertise, the fact that many organizations don’t have
people who can use GIS. You find that they have the software and even
purchased the GPS equipment, but don’t have anybody to use them. I have
come across a number of health sector organizations with that challenge
and yet, the equipment is as good as useless after one year, because there
are new advances, so maybe one of the hindrances to sharing data can be
related to that. For instance, if I have my data and another organization
wants to use the data, they want the data plus my services, because they
don’t have people to do GIS work and yet, my services may go at a cost and
that becomes a hindrance to sharing.
- Participant belonging to a not-for-profit non-government organization
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Poor quality of data discourages the sharing of geospatial data. A lack of
confidence about the quality of geospatial data produced by other organizations
fuels the reluctance to use other’s data sources. At the same time, spreading data
that turn out to be unreliable could cause legal issues that organizations want to
prevent. If data are incomplete, for example, bad decisions could be made on the
basis of those data. And who is accountable for the consequences of such
decisions?
Organizational restrictions come in different forms: Policies and norms are
a key determining factor. While it has largely been seen that most of the
organizations that share data are doing so because it fits their policies and
mandate, it is clear that some organizations that are not sharing have nondisclosure clauses in their policies. This may be the case when there is a fear of
competition from other organizations, and a fear of losing autonomy over
information control and organizational power. For instance, private sector
organizations behave like retailers and wholesalers who are each other’s
competitors, and NGOs are afraid to share their data and information, because
they use it to get funding. Therefore, these organizations prefer being the only
ones who acquire the benefits of their geospatial data. Lack of cooperation and
lack of trust have also been mentioned as key factors influencing organizational
decisions on whether or not to share data. Furthermore, data confidentiality,
sensitivity of specific data types, security issues, political interference, and a lack
or unavailability of lower-level, digital, geospatial health data emerged as key
factors that hinder geospatial data sharing. Confidentiality and sensitivity of the
data, for example, is concerned with the integrity of the organization and dealing
with individual patients’ geospatial data (e.g., in the case of HIV or TB patients).
This is a big challenge that needs to be handled carefully in order not to breach
the privacy of the clients.
Problematic leadership is a key factor as well. Without a call for evidence
about the efficiency, efficacy, or added value of the organization’s functioning,
the opportunities of geospatial data sharing are not used. There were indicators
of weak cultures for sharing, reasons to expect a lack of integrity in
organizations, no vision, and downright fear for engaging in geospatial data
sharing.
Inter-organizational boundaries exist as well, and are reasons for not
sharing geospatial data. Out of the 43 GIS-using participant organizations, 28 of
the participants mentioned fear of competition from other organizations, lack of
awareness and knowledge about sharing benefits and importance, and lack of
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Table 4.5: Why not share: Problems that hinder geospatial data sharing.
Factor
Category
Why it hinders geospatial data sharing (N=43 GIS-using participant
organizations)
Lacking resources
The absence of crucial parts in order be able to execute GIS functions
Lack of IT
Slow Internet, no computers (8)
infrastructure
Limited skills to operate the GIS technology (8)
Lack of awareness, appreciation and knowledge about GIS technology and its benefits
(14)
Poor IT network systems (20)
Lack of a suitable infrastructure department for capturing data (central depository onestop center/a common platform) (13)
GIS has not been fully integrated to the existing health-management information
system (5)
Lack of resources to develop web-based database system (5)
Lack of geospatial
Lack or unavailability of geospatial data to share (32)
data
Lack of knowledge of existing available datasets and from where to get data (11)
Lack of demand for geospatial data (10)
Lack of accessibility to geospatial data (6)
Lack of capacity (continuous funding) to keep continuous update of data (4)
Lack of skills and
No professional body to guide data standards and sharing(9)
competences
Poor quality of data GIS technology use is discouraged, because the quality of the data is low
Essential data types
Lack of resources/budget allocation for geospatial data collection and dissemination
are not reliable or
(42)
available
Incomplete, outdated data and scattered in paper form (11)
Lack of custodian of geospatial health data(7)
Lack of lower-level, digital, geospatial health data(5)
Poor documentation (8)
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Factor
Restrictions

No leadership
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Category

Why it hinders geospatial data sharing (N=43 GIS-using participant
organizations)
Protection policies lead to not sharing geospatial data
Participating in
Donor demands, influence, or restrictions (4)
networks
Some organizations attach costs to their data (commercialization) (17)
Competition
No spatial-data policy (legislation, clear guidelines, mechanism, and protection law of
nationally and
personal information) (15)
internationally
Following
Organizational restrictive policies and norms (24)
agreements
Lack of client privacy (2)
Lack of data ownership (4)
No call for evidence of efficiency, efficacy, or added value
Weak culture of
Lack of advocacy (5)
sharing
Poor leadership and performance of GIS-using organizations (2)
Bureaucracy in organizations (8)
Lack of willingness to share data (having organizational and behavioral attitudes and
poor organizational culture) (18)
Lack of integrity in
Conspicuous dealing with individual patients’ geospatial data (6)
the organization
No vision
Lack of awareness and knowledge about sharing benefits and importance (28)
Lack of copyright law (protection law) regarding data production and dissemination
(7)
Lack of defined rules/law, regulations abiding organizations, procedures and
infrastructure for data (10)

Factor

Category
Fear

Interorganizational
boundaries

Why it hinders geospatial data sharing (N=43 GIS-using participant
organizations)
Security issues and fearing data can be abused or used for political gain (36)
Fear of competition from other organizations (28)
Fear of misuse and abuse of data that will destroy the image of the organization (4)
Lack of defined sharing procedures, regulations, rules, and infrastructure (10)
Confidentiality and sensitivity of specific data types (38)
Lack of cooperation and lack of trust between GIS-using organizations (9)
Lack of knowledge about GIS-using health organizations (7)
Different data formats (3)
Different organization objectives and priorities to achieve (19)
Limited relationship between GIS-using organizations (3)
Personal behavioral attitude, nature of the people and behavior across organizations or
individuals (17)
Lack of standards for collecting, producing data (17)
Lack of meta data (4)
Stalk with old traditional methods of sharing data and solving a problems (3)
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data-sharing guidelines and thus fear of data abuse or use for political gain as
problems that hinder geospatial data sharing. (see Table.4.5).

4.5. Discussion
We aimed to identify the factors that influence and the problems that hinder
geospatial data sharing in Ugandan health sector organizations. The summary of
factors that enable (see Table 4.4) and hinder (see Table 4.5) geospatial data
sharing provides a context for understanding the actual dynamics from a user
perspective. Based on this context, we provide three recommendations below,
for improving geospatial data sharing and collaboration through integrated
collaborative networks. The integrated collaborative networks should aim to
strengthen the capacity of health information systems to provide high-quality,
timely data and information useful for solving health problems at different levels
(Evans & Stansfield, 2003). In addition, integrated collaborative networks should
support innovation in the monitoring and evaluation of health intervention
programs.

Recommendation 1: Establish and Harmonize a Geospatial Data Policy
through Government
The improvement of collaboration and geospatial data sharing begins with
government, because organizations that use geospatial data do not have control
over private companies. The Ugandan government should enact a rule that
makes geospatial data sharing free among government institutions. Such a rule
does exist, but it is inactive and weak. The literature and participant responses
indicate that a geospatial data policy is lacking in Uganda. Moreover, a protection
law against data abuse is lacking. This lack of policies and laws hinders geospatial
data sharing for most organizations. This has led health organizations to practice
technical know-who, to reduce misuse and abuse. Thus, participants proposed to
enact a harmonized information policy in the country. Such a policy would cater
for desired mechanisms, such as geospatial data accessibility, geospatial data
sharing, collaboration, pricing for commercial organizations (e.g., the private
sector), data custodianship, data ownership, type of network systems to be used
that are capable of transferring bulky geospatial data (spatial-data
infrastructures), data standards and formats, the use of a uniform software
licensing agreements accessed through the Web, client privacy, copyright law for
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the protection of data production and data dissemination, security, and
confidentiality and sensitivity of specific data types. Establishing a geospatial
data policy (i.e., rules, legislations, and mechanisms) will encourage
collaboration and geospatial data sharing within the health sector and the GIS
technology arena.
Establishing and harmonizing a geospatial data policy also means making
the software available and providing key licenses that can be shared on a network.
For example, the open-source quantum GIS, DHIS2, or environment software for
classification in schools, which allows someone to still use their license if they do
not have their key, but if they are connected on the school’s network. Comparable
to such a school network or to an organization’s network that allows printing,
one could access a uniform GIS-software license on a network.

Recommendation 2: Create a Coordinating Body of GIS-Using Health
Professionals for the Collaboration and Coordination of Activities
To open avenues for free geospatial data sharing, the GIS technocrats should set
up a technical coordinating body of GIS technology uses. For example, health
architects have a coordinating body, but GIS professionals do not have a GIS
body. The GIS community, with the guidance of government as the arm of the
law, should develop a GIS-user group for the improvement and management of
GIS applications at the national level. The creation of a GIS-using health
professional body was one of the strategies identified in our study to improve
inter-organizational collaboration and geospatial data sharing between health
sector organizations. The issue raised was that this body’s responsibility would
market GIS health activities, create collaboration among users of GIS technology,
come up with data standards and formats, and coordinate GIS activities. On the
other hand, such a coordinating body of GIS-using health professionals should be
formed including a wide spectrum of organizations of both users and producers
of GIS technology. This would create awareness and sensitization about sharing
benefits by practical demonstrations through workshops and trainings using
successful examples of collaboration and spatial-data sharing. In addition, such
a coordinating body would facilitate the availability of core geospatial datasets,
increase access to up-to-date, digital, lower-level health data, aim at eliminating
bureaucracies of data accessibility, and increase collaboration and geospatial
data sharing between organizations by coordinating all GIS-using health
organizations. As part of this effort, the coordinating body could utilize public
spending through improved coordination among the organizations in their GIS-
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related investments, and introduce GIS concepts, methods, and processes to
these organizations.
Creating a coordinating body of GIS-using health professionals also means
establishing an integrated collaborative networked spatial-data infrastructure
(ICNSDI) for collaboration and geospatial data sharing. An SDI emerged as a
critical area for enhancing knowledge and geospatial data sharing, usage, and
access. The platform would ensure quality of data, routine sharing, create
collaborations, improve networking and coordination, reduce or even eliminate
duplication or redundancy of datasets, reduce costs of data collection and
maintenance of several datasets, and regulate GIS technology use. It would
probably also regulate data use to ensure that an organization’s data are not
abused or misused for personal gains. An integrated collaborative networked SDI
was proposed to be implemented in partnership with the ministry of ICT, to
reduce restricted access rights to (existing) geospatial datasets. For instance,
developing a concrete integrated collaborative networked SDI (ICNSDI) is where
the whole core of sharing geospatial data starts from employing GIS
professionals in organizations which would influence the sharing through
formulating technical working groups (e.g., geo-information management
working groups) where people should showcase to bring all people on board,
coordinating activities, collaborations, marketing GIS activities by advocating for
geospatial data use and creating awareness and sensitization about the benefits
of sharing. Geospatial data sharing and spatial information management are
identified as vital components of an SDI (Harvey & Tulloch, 2006).

Recommendation 3: Incorporate GIS Courses in the Curriculum of
Universities Dealing with Health Issues
In the long term, GIS courses should be incorporated in health curricula of
universities. Training at this level would ensure an increase in health workers
who are knowledgeable about GIS and therefore, implementation should not be
a challenge. This would address the most frequently mentioned challenge in
most health sector organizations, namely a lack of GIS expertise.
The underlying theme is to increase advocacy, and create sensitization and
awareness about GIS technology use and the benefits of sharing. Health
organizations should be willing to share whatever geospatial data are available.
Government should take the lead in the advocacy, sensitization, and awareness
processes to improve organizational attitudes and possible individual
unwillingness to share geospatial data with others. Government involvement
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will reduce commercialization of geospatial data and fear of competition from
other organizations, increase data demand, and reduce misuse and abuse of data
from specific individuals for political gains.

4.6. Conclusion
An ICNSDI is suitable for Uganda, because many organizations share geospatial
data, and even internationally, even though on a limited scale. The sharing of
geospatial data is one of the biggest benefits of using GIS technology to influence
geospatial data use in the health sector organizations. Our study finding is
showing that the knowledge and management and the documentation of
geospatial data sharing are important and organizations are exercising sharing,
but they are not sharing freely and as willing as they should be.
The results from the study described in this chapter indicate that there
is a significant potential for collaboration and geospatial data sharing within the
Ugandan health sector and organizations tasked with handling health-related
activities. This will require the government to initiate the creation of a
collaborative sharing platform (an SDI) which encompasses all components of
data sharing that a country needs.
Even though some health sector organizations do collaborate and share
geospatial data to a great extent, not much of the total available institutional
geospatial data are shared with other organizations. Organizations have to ask
which type and level of data they need but arrangements are made to deliver
only national up-to parish level geospatial data to them even though they had
asked village level data. In addition, the collaboration and sharing of geospatial
data is only confined to GIS-using organizations with donor supporting
organizations but not all health sector organizations. Ugandan health sector
organizations share their data in informal networks or via technical know-who
with specific organizations they work with on the same or related activities.
Thus, if an organization does not know any staff from a different organization, a
person cannot access that organization’s geospatial data. Furthermore, this
study has shown both positive and negative sides of geospatial data sharing
between Ugandan health sector organizations. Looking at the negative side, the
redundancy of platforms for geospatial data sharing has caused people to lose
morale for sharing. On the positive side, the formation of a platform facilitates
collaboration and geospatial data sharing. This should be continuously
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maintained to encourage continuous collaboration and geospatial data sharing
between organizations.
The use of GIS technology for collaboration and geospatial data sharing in
Ugandan health sector organizations has been facilitated by the availability of an
IT infrastructure (which simplifies online sharing and networking to share
knowledge) and by the existence of special online GIS user groups (which helps
management and improves GIS technology use, because the groups provide an
opportunity to facilitate data availability and sharing among the organizations
that are involved in these groups).
Geospatial data sharing is known to be problematic, but provides vital
information for targeting control measures of health diseases. Therefore, the
development of an ICNSDI should be encouraged. An ICNSDI that encompasses
policies for sharing, access, ownership, and custodianship will deter misuse.
Moreover, collaboration in the production and interpretation of geospatial data
should be encouraged within the GIS arena, because this will reduce redundancy
of data collections and wastage of limited resources.
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Chapter 5:
GIS Technology Non-Use in Health Sector
Organizations in Uganda
Many factors contribute to non-use of geographic information system (GIS)
technology in health sector organizations worldwide. The study described in this
chapter explored which factors contribute to the non-use of GIS technology in
Ugandan health organizations. We collected qualitative data: We interviewed 89
participants from 75 organizations handling health-related activities. Of these
organizations, 43 were and 32 were not using GIS technology. To determine which
factors hinder the use of GIS technology in Ugandan health sector organizations,
we used thematic coding to analyze our qualitative content. The study findings
indicate that the following factors contribute most to GIS technology non-use in
Ugandan health sector organizations: a lack of awareness, knowledge,
understanding, and information about GIS technology and activities it can be used
for; a lack of funds to implement a GIS infrastructure and to acquire necessary
equipment; insufficient skills of personnel in handling and maintaining geospatial
data, in collecting field data, and in handling GIS field activities; and high costs of
GIS-related hardware, software, license renewal, and yearly version upgrades.
Qualitative data analysis revealed seven constraint themes concerning GIS
technology use, namely geospatial-data; technical; GIS equipment; institutional
and managerial; financial; economic; and social constraints. GIS technology use in
organizations handling health-related activities requires the Ugandan government
to enact a GIS-technology policy and to assign the responsibility for Ugandan GIS
data to a ministry. This will enable GIS professionals to create awareness through
practical demonstrations of health organizations successfully using GIS technology
for their activities. Equally, health organizations, GIS professionals, users of GIS
technology, geospatial producers, and interested individuals should jointly develop
and implement an integrated collaborative spatial-data infrastructure (SDI). This
provides opportunities for the extensive availability of and free access to geospatial
data, and for the communication and sharing of the data. Such an integrated
collaborative SDI must not stand alone. Instead, all parties in the GIS arena should
contribute to it.
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5.1. Introduction
Geographic information system (GIS) technology can be used to identify and
display geospatial patterns and the distribution and extent of a disease. It can
also be used to assess environmental exposure in order to estimate incidence,
prevalence, and survival statistics, and to expose health disparities to
communicate clearly with the public, decision-makers, or political leaders (Gotz,
Frates, & Weschler, 2009). Furthermore, GIS technology can be used to draw
disease maps (Brooker et al., 2000), to determine the accessibility of health
services (Gabrysch, Cousens, Cox, & Campbell, 2011), to determine maternalchild obesity and undernutrition (Pawloski et al., 2012), and to predict potential
risk areas for diseases (Neerinckx et al., 2010). In the world and human
environment today, the way in which any phenomenon is measured shapes the
collective perceptions of it. In the health sector in particular, the choices made in
the collection and use of information determine a health system’s effectiveness
in identifying health problems, in defining health priorities, in identifying
innovative solutions, and in equitably allocating resources to improve health
outcomes (Stansfield, 2005). An effective health system, according to the WHO
“consists of all organizations, people and actions whose primary intent is to
promote, restore or maintain health. This includes efforts to influence
determinants of health as well as more direct health-improving activities”
(World Health Organization [WHO], 2007, p. 2). For example, it includes a
mother taking care of a sick child at home, private health providers, behavioralchange programs, vector-control campaigns, health-insurance organizations,
occupational health and safety legislation, and intersectoral actions by health
staff in encouraging the Ministry of Education to promote female education,
which is a well-known determinant of better health (WHO, 2007). All these
health data are georeferenced geospatial data (i.e., attached to a specific area,
such as a catchment area of a health facility, a district, or a geographic point such
as a hospital or a village). In addition, these geospatial data can be stored,
maintained, accessed, shared, communicated, analyzed, and linked to other
sectors through a decision-support GIS database with respective location
attributes (Lippeveld et al., 2000). Despite all these identified benefits, Stansfield
(2005) highlights that little awareness has been raised to acknowledge that
improved use of geospatial data can advance health. Similarly, the author notes
that little attention has been given to the development of systems needed to
provide timely, accurate, and relevant data, especially in developing countries.
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Looking back, rudimentary georeferenced data have been used for health
activities as far back as Dr. Snow’s 1854 health-mapping to investigate the
cholera outbreak in the mid-nineteenth century in London (Boulos et al., 2001;
Shaw, 2012). He concluded that a contaminated water pump had to be the cause
of the outbreak. Nowadays, Web-based GIS mapping enables geospatial data to
be accessed, shared, and communicated globally through the Internet.
Furthermore, GIS technology guides planning, decision-making, and problemsolving in the health sector. These health problems and disease outbreaks
traversing the world require paying attention to geographic locations, geospatial
data, and temporal patterns before effective control and prevention can be
implemented.
Africa’s health problems have accumulated due to disease outbreaks of
HIV/AIDS, tuberculosis, malaria, guinea worm, schistosomiasis also known as
bilharzia, measles, cholera, nodding disease, Marburg virus disease, and Ebola.
On top of that, the disease syndrome of political wars has brought the continent
“extreme and persistent poverty, weak and unstable economic growth, low
capacity building, poor infrastructure, and inadequate social services” (UNECA,
2006; p.1), leaving its citizens unable to afford good medical care and going
through empty stomachs. To help solve these disease problems, Africa needs GIS
technology known for displaying, analyzing, and manipulating geospatial data. In
addition, Africa desires up-to-date, accurate, and timely geospatial data, which
can be achieved by adopting and implementing GIS technology use for health
sector activities. Geospatial data guide effective monitoring, prevention, control,
and management of these disease outbreaks (Babalobi, 2007b; Gavin, 2002). GIS
information is normally presented in simplified, readable, and understandable
colored maps that even non-GIS professionals can interpret. This promotes
quick, creative problem-solving and faster decision-making, which positively
affect the lives of human beings (Gavin, 2002).
Many studies have shown that GIS technology has been used to guide in
solving health problems in Africa. For instance, GIS technology has been utilized
for public-health analysis and activities, such as developing predictive risk maps
to guide the development of a control program; such as demarcating risk areas
in Ogun state, Nigeria (Ekpo et al., 2008); determining the geospatial distribution
of helminth infections in sub-Saharan Africa (Brooker et al., 2000); and
determining the geographic distribution of schistosomiasis and soil-transmitted
helminth among school children in informal settlements in Kisumu, Kenya
(Odiere et al., 2011). According to Gavin (2002), GIS technology can create
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benefits for attaining a wider and more effective use of geospatial data in
decision-making for sustainable development. In addition, UNECA (as cited in
Babalobi, 2007a) hightlight that “[Web-based GIS technology has been
established vital] for users to identify and locate geospatial data at widely
dispersed sites and for producers to disseminate their services, data and to asses
user’s needs” (p.492). The author also highlights that, in Africa geospatial data is
underutilized owing to out-datedness and a lack of accessibility, adaptability,
affordability, and awareness of information and communication technology
(Babalobi, 2007a).
The literature highlights that there are still several impediments of GIS
technology use for health sector activities worldwide, Africa inclusive (Croner,
2004; Sahay, 1998). This has retarded the effective use of GIS data for planning
and decision-making (UNECA, 2005). Impediments are a lack of digital healthdata sets, poor registration of vital events (e.g., births, deaths, migrations), health
statistics, and remotely sensed data, insufficient human and technical resources,
a lack of awareness by decision-makers, uncertain data discovery, access and
exchange mechanisms, different data formats or a lack of interoperability among
data sets, a lack of appreciation and understanding of GIS-scale issues from
decision-makers, a lack of awareness and sensitization of GIS capabilities and its
benefits for health activities (AU, 2007; Babalobi, 2007b; Kufoniyi, 2004; Tanser
& Le Sueur, 2002), expensive and difficult to collect geospatial data (Briggs &
Elliott, 1995), a lack of skills and qualified staff with GIS capabilities, a lack of
financial resources to purchase software, hardware, and GIS trainings (Mullner
et al., 2004; Vanmeulebrouk et al., 2008), a lack of software extensions (Fonseca
Nobre et al., 1997), financial fragmentation, a lack of long-term predictable
financing, and overdependence on project support from funders (UN et al., 2008)
as they are the motivators for GIS technology use in most African health
activities. In addition, misinterpretation of results and misuse of GIS products for
personal gains, a lack of coordination in geospatial data collection, production,
management, and dissemination (Kufoniyi, 2004; Mullner et al., 2004; Tanser &
Le Sueur, 2002), low availability of digitized maps, address systems, accurate
population distributions, and computational tools (Ansumana et al., 2010),
security issues, and the privacy and confidentiality of individual health data
(Armstrong & Ruggles, 2005; Armstrong et al., 1999), overlaps and duplications,
a lack of accessibility, varying standards and formats, and a lack of geospatial
data policy for access and sharing have also proven to be a hindrance to GIS
technology use for health activities in Africa. To note, health sector organizations
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in Uganda are facing the same factors mentioned above. In a study carried out in
India, implementation problems were also discovered, such as systems that were
not considered relevant by users, a lack of continuity in project-management
practices, and inappropriate coordination between the various agencies (Sahay,
1998).
However, to address these factors that hinder GIS technology use, Africa
has been recommended to establish intersectoral collaboration initiatives and to
allocate funding priorities to GIS health activities (Tanser & Le Sueur, 2002). In
addition, a global spatial-data infrastructure (GSDI), which aims to support
geospatial data access to guide decision-making at different levels for various
purposes, has been suggested to be developed in Africa (Tanser & Le Sueur,
2002). The GSDI, according to Tanser and Le Sueur (2002) and to Gavin (2002),
should be incorporated in the Environmental Information System Africa (EISAfrica) and spatial-data infrastructure (SDI) projects. These projects aim to
improve geospatial data use to enrich policy debate and to support decisionmaking for the well-being of Africa’s people. According to Kufoniyi (2004) and
Babalobi (2007a), an SDI comprises various data sets or databases, it hosts
geospatial data, attributes, and metadata (sufficient documentation), it is a
means to discover, visualize, and evaluate the data (store/catalogues and online
mapping), and it makes geospatial data sets discoverable, available, more
accessible, shareable, interoperable, and reusable. In addition, the SDI concept
encourages coordination and partnership between all data users and producers
to deliver geospatial data to decision-makers in an unconditional manner.
Moreover, it encourages unconstrained and transparent access to geospatial
data for all interested users, its format is easy to use, and it is considered a
healing power to geospatial data problems that government and users face in the
geoinformation arena (Babalobi, 2007b). Thus, an SDI comprises the policies,
technologies, and institutional arrangements involved in delivering geospatialrelated information from various sources to potential users.
Africa has been advised to take advantage of geoinformation technology
by providing a conducive environment to support the development of
information communication technology in African countries (Kufoniyi, 2009).
Web-based GIS technology is growing rapidly and has contributed greatly to
decision-making, knowledge-based economy, and disease surveillance.
According to Kufoniyi (2009), Google Earth, Microsoft Virtual Earth, and mobile
technologies have tremendously enriched the availability and use of geospatial
data. Mobile-phone ownership is rapidly increasing in Africa, and nowadays,
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most phones have a geospatial data component (e.g., GPS). The mobile devices
are vital mediums for communication, emergency management, and locationbased services, especially for pregnant mothers, and TB and HIV/AIDS clients
under treatment and close monitoring. In taking advantage of SDI development,
African countries have been encouraged to adopt policies for promoting greater
awareness and public access and have coordinated geospatial data production
and dissemination by and to all sectors in the country at several levels, with
linkages with the private sector (Kufoniyi, 2004).
To overcome the current gap of knowledge about barriers to GIS
technology use in Ugandan health sector organizations, we explored the
contributing factors for GIS technology non-use. The aim was proposing
strategies that can be used to address the hindering factors and to encourage
organizations who have not yet adopted GIS technology for their activities to do
so. The following two research questions were addressed in this study:
•
•

Which factors contribute to the non-use of GIS technology in the public
health sector in Uganda?
Which measures address these barriers to GIS technology use in the
public health sector in Uganda?

5.2. Method
The overall design of the research was described in section 1.5. In this study, we
focused on those parts of the interviews that addressed issues of non-use of GIS
technology. We asked GIS users which factors influence the non-use of GIS
technology in the health sector as a whole, while we asked GIS non-users which
factors contribute to the decision in their specific organization not to use GIS
technology in their activities.
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Table 5.1: Factors that contribute to GIS technology non-use in the Ugandan health sector
Factors
Theme
Sub-category
Sub-category description
(Frequency: GIS users; GIS nonusers)
Technical
Technical
Education
Training personnel in GIS technology
constraints
use is expensive and not so easy (9; 0)

Lack of training
institutions/universities for GIS
specialists in health in the country,
and public health institutes of higher
learning have not yet included GIS in
their curriculums (6; 1)

GIS
infrastructure

GIS application (buying the GIS
components), implementation, and
maintenance is expensive (14; 8)

Sample quote
“Training GIS personnel is expensive and
it’s considered to be too scientific, which
requires technical training and even at the
universities, it’s hard to determine the
courses linked with GIS. Even universities
don’t train students in GIS.”
“We lack training universities for GIS
specialists in the country. The pool of the
GIS specialists are also not that many per
se and I don’t know how much the
universities give on that arena of GIS
specialists, but I can actually count the GIS
specialists on my finger tips and even
those in the IT sector who are a bit
interested in attaining the GIS trainings,
they are not very many. Either there is no
training for that reason or the training is so
expensive or is not locally here in Ugandan
institutions. That is also another thing that
can be further adduced/put forward.”
“The recurrent costs that are involved in
establishing the GIS system starting from
acquiring the software, the hardware,
skilled personnel, is a bit expensive and I
find that most organizations feel that they
cannot really venture into using GIS.”
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Factors

Theme

Sub-category

Skills
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Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of GIS infrastructure and satellite
technology, and poor IT infrastructure
(e.g., computers, power, internet
connections, software, images, datacollection equipment, skilled
personnel, GIS working environment
to operate the GIS system) (6; 7)
Insufficient skills of GIS personnel in
handling and maintaining geospatial
data, in collecting field data, and in
handling GIS field activities in the
health sector and in the country at
large. Moreover, training personnel is
expensive (44; 0)
Lack of staff expertise to use GIS
technology and to manage a
geospatial database system when
implemented in the country (36; 17)

Sample quote
“Lack of IT infrastructure and satellite
technology (equipment, computers,
internet images, and the personnel to use
it). For example, energy, cost is high for
energy. Power is unreliable.”
“Limited trained personnel; of course in
some organizations, you will find that very
few people are trained and I think that
makes a very big contribution to the nonuse of GIS in the health sector
organizations.”
“Skills. For example, currently it’s only me,
one person with skills, M&E coordinator,
and we don’t have other staff with GIS
skills and my skills also I learnt at school
long ago which I need a refresher course to
upgrade to be able to use GIS effectively.
Since school time, I have been deeply too
much using statistical analysis with little
focus on GIS technology use, I could have
forgotten other functions of GIS analysis.”

Factors

Theme

Sub-category

GISequipment
constraints

Software and
hardware

Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of equipment for GIS application
(hardware, software, GPS devices)
(16; 1)
Buying GIS hardware and software,
renewing the license, and annual
upgrading to new versions are
expensive (33; 11)
Unavailability, not known where to
purchase GIS technology, and userunfriendly software that requires
technical training (1; 12)

Nontechnical

Geospatial
data
constraints

Geospatial data

Expensive to collect geospatial data,
and to produce and maintain a GIS
system that needs continuous
updating to provide evidenced-based
information for decision-making (15;
2)

Sample quote
“The lack of equipment and the data for
GIS application itself and if we can have the
shape files available.”
“GIS software and hardware is expensive
which needs replacement every time due
to expiry of the license which is normally
given for a limited time period for use and
on top of that, people don’t know where to
buy it from.”
“Unavailability of GIS devices and not
known where to purchase it from. Like
GPS, ArcGIS software, if they were
available, people may have shown interest
to have skills or expertise about its use. We
lack people who deal in GIS equipment, I
have not seen many in Uganda providing
GIS equipment or consultancies services in
GIS, those who can advise us after viewing
our information and provide for us the GIS
requirements to enable its use.”
“Expensive and organizations’ lack of
capacity to build, collect, maintain, update
GIS data and share it outside. The other
factor is lack of capacity to build this kind
of data and share it outside. They don’t
have enough or adequate capacity to do
this kind of work and then share it at the
same time.”
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Factors

Theme

Sub-category

Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of availability of digital data for
GIS application and even when data
are available, these are often outdated
and of poor quality (12; 4)

Lack of digital, lower-level, geospatial
data suitable for GIS technology use,
health analysis, planning, and
decision-making (9; 1)
Lack of access to existing digital
geospatial data from other
organizations (5; 0)

Incomplete, poorly storage, and
scattered datasets in analogue format
(8; 0)
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Sample quote
“Limited budgets and high costs of
producing geospatial data, so
organizations fear to adopt GIS because
there is also of a lack of digital data
required for health decision-making, which
requires them to produce their own data
and producing geospatial data is a costly
exercise, updating and then renewing of
software and hardware”.
“Lack of digital health data, as the
technology is new in the country, the data
is still on paper records which need to be
transformed.”
“We get very little cooperation from other
practicing institutions who have the
geospatial datasets and do not want to
share their data. At times, we are told to
buy the layers as if we are going to use the
data for business and yet, we are aiming at
improving services at the village levels. So
the costs involved in acquiring input is
expensive.”
“We still have existence of incomplete,
poorly storage, and scattered health
geospatial datasets at a lower level, which
are in analogue format in all health
facilities.”

Factors

Theme

Sub-category
Data standards
and procedure

Institutional
and
managerial
constraints

Availability of
alternative
methods

Dedicated GIS
departments,
professional GIS
body, and
managerial
experiences

Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of defined standards and
procedure for data collection and
production, and lack of criteria for
evaluating the ability of private sector
organizations that are active in the
GIS field (7; 0)
Availability of alternative methods for
data collection and reporting and
alternative data-management systems
(e.g., a health-management
information system), and a culture of
rigidity to new changes (7; 7)

Organizations’ preference for
traditional mechanisms of producing
and delivering information, data,
products, services, and problemsolving (5; 4)
Lack of dedicated professional GIS
body and lack of managerial and
technical experience at all levels in the
organization to create awareness of
their existence and benefits of using
GIS technology (3; 0)

Sample quote
“Lack of standards for data collection and
producing geospatial data, which makes it
difficult to integrate data produced by
another person to make tangible
decisions.”
“Health sector organizations don’t use GIS,
because they have already set their own
ways of doing things and they feel the
methods they are using are right. So there
is existence of conservatism in the health
sector organizations emphasizing, this is
the way we do it and we have to continue
doing it this way. So some organizations
are not ready to venture into new
innovations.”
“We have other data-management systems,
so GIS is not a priority for data
management.”
“There are no dedicated departments and
professionals for GIS activities in the health
organizations who are directly responsible
for its activities. Several departments
engage in GIS activities separately, so you
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Factors

Theme

Sub-category

Organizational
commitment
Institutional
priorities

Size of
organization /
operational staff
Organization
politics and
support
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Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of dedicated departments and
health job structures in health
organizations that are directly
responsible for GIS activities (6; 0)
Lack of commitment by organizations
to act on GIS training needs (9; 4)
Priorities on other activities and
issues, and no budget for GIS activities
(6; 8)
The size of the organization,
operational staff, and coverage of
organization activities (0; 3)
Organization politics and lack of
support from top management who
are not informed about the need for
GIS technology use to plan and make
decisions (4; 1)

Sample quote
find the data in pieces, redundant, and
incomplete, and can be used by others.”
“Lack of commitment by organizations to
act on GIS training needs.”
“MOH who is the coordinating body with
government programs in the country has
not emphasized GIS use in the health
sector and as NGOs, we do what is in line
with MOH priority programs.”
“Because we are a small organization and
we have a small staff.”
“Organization politics, where one wants,
prefers paper work which has no security
and easier to alter information than in GIS
technology. Then management may not
have bought the idea. Management is not
supportive or not informed about the need
for having technical GIS for the planning
and decision-making of their activities.”

Factors

Theme

Sub-category

Financial
constraints

Budget

Resources

Economic
constraints

Donor influence

Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of plan and budget for GIS
activities, and lack of GIS
incorporation in the design stage of
operation budgets (i.e., the costs of
software, maintenance, production,
and updating, and the collection of
their own geospatial data) (12; 5)
Lack of funds to implement a GIS
infrastructure and to acquire
necessary equipment (e.g., GIS
software licenses, annual updating,
servers, GPS devices, training
personnel) (47; 33)
Lack of funds and capacity to
maintain, update, continuously collect,
and share geospatial data, and to
handle GIS field activities (29; 6)
Donors dictate, determine, and
influence on what their money should
be used for (4; 7)

Sample quote
“There are no budgets allocated for GIS
activities so it’s difficult for our
organizations to adopt it as we have
limited budget for our activities.”

“Lack of resources to implement GIS use
and low man power expertise, the
expensiveness of the software which can
also fall under the money issue but
probably that is a decision taken by each
individual organization.”
“We were supposed to start implementing
GIS a long time ago in our organization, but
the organization didn’t have money to buy
the software and GPS devices. Now that we
have them, most likely we are going to
start.”
“Another thing which has been hindering
us is our work and projects are much
influenced by the donors, if the donors say
we are giving you money for drugs, then
you can’t put it on technology.”
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Factors

Theme

Sub-category
Demand

Funding
insecurity

Social
constraints

Awareness,
information, and
knowledge

Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of demand for GIS technology
use and GIS products (e.g., digital data,
maps, shape files) within the
organization due to financial
constraints and ignorance
(5; 1)
Insecurity in the continuity of funding
to implement GIS projects (15; 0)

Lack of awareness, knowledge,
understanding, and information
within the organization, about GIS
technology in general, about activities
to use GIS technology for, and its
value in the health sector (43; 24)
Lack of knowledge about the cost of
GIS implementation for a health
organization (5; 3)
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Sample quote
“Lack of demand within the organization
hinders GIS use, for example someone may
be having knowledge of GIS but when there
is no demand internally, then GIS use
cannot be adopted in that organization.”
“Insecurity in the continuity of funding to
implement GIS projects, because most
activities where GIS is used are project
based, so there’s a worry that if the
organization goes full gear to adapt GIS for
all its activities, they may face a challenge
at the closure of the project to continue.”
“Lack of knowledge and information about
GIS and its benefit to respective activities
of each organization. For those who don’t
have information, they will not even
demand for it, because they don’t know
what it is and those who have information
will demand for it.”
“Health organizations have no knowledge
about GIS implementation costs and when
people are knowledgeable about GIS use,
its costs for implementing, buying
associated accessories, it becomes easy to
look for resources and it’s just a priority.”

Factors

Theme

Sub-category

Attitude and
behavior

Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of knowledge and awareness
about training institutes, about
activities of organizations that are
producing geospatial data, about
existing datasets and information, and
about difficulties of the free flow and
sharing of information (5; 1)
Conservative thinking and resistance
towards new innovations, changes,
and introduction of new technologies
(29; 9)

Sample quote
“Lack of awareness about the existing
datasets and information and attaching
difficulties to the free flow and exchange of
information where organizations for
political and person reasons don’t
exchange and like to share their data with
other organizations and interested users.”
“The other is the attitude and perception of
their traditional method of doing work is
better than the current technology. Bad
attitude towards new innovations and
technologies. The other issue is that
because GIS is not going to provide you
with treatment, some health people think
it’s diverging them from their primary role.
So they are like, why should we invest all
this much or why should we go for GIS
when ARVs are still missing? So they did
not see the direct contribution of GIS to
probably the well-being of their patients.”
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Factors
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Theme

Sub-category

Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of interest, acceptability, and
appreciation of GIS technology use,
adoption, and implementation, and
resistance to change by the
government, decision-makers and top
management on how GIS technology
use will improve organization
services (9; 31)

Sample quote

Culture

Unwillingness to change and
unwillingness of people with technical
knowledge to share GIS information
about its use and value (6; 5)

Dedication

Requires a lot of dedication and time
to have good results (e.g., picking
coordinates and mapping) (2; 2)

Advocacy and
sensitization

Lack of advocacy for GIS technology
use and lack of sensitization of
decision-makers about how GIS

“Sometimes, people don’t want to change
to new things because of their nature and
they feel if something is working, why do
you need to move? So it’s better to use the
old methods that we have already tested
than the one which is still on the shops. So
all GIS implementation depends on how
you package for its adoption/acceptance.”
“GIS requires a lot of dedication and energy
at the beginning, first to change the
attitude of staff from old systems they are
used to, yet we are not sure of the accuracy
of GIS information.”
“There is lack of advocacy about GIS
benefits thus sensitization is low, decisionmakers, people are not aware about GIS

“Lack of appreciation of GIS use by the
government. The technology as big as GIS
has to be supported by state and I believe
that government has not really taken GIS
use very keenly, unlike other countries
where the government really encourages
innovations in areas like GIS use. I think
here in Uganda, there is no encouragement
in such innovations.”

Factors

Theme

Political
constraints

Sub-category

Compliance
GIS policy

Sub-category description
(Frequency: GIS users; GIS nonusers)
technology use can make them more
efficient (1; 2)

Compliance with donor requirements
(3; 0)
Lack of organizational, national, and
requirement or government policy to
adapt and implement GIS technology
use for health activities (6; 7)
Existing health policy has not
provided for the enforcement of GIS
technology as an important tool in the
provision of health services (7; 5)

Sample quote
importance. As GIS is a new technology, to
adapt new innovation we need to be
convinced that this new innovation works
where pilot studies need to be carried out
first.”
“Donor demand determines GIS use in
organizations.”
“We implement what is in government
policy and if the government (MOH) has
not yet appreciated GIS use, there is no
way we can adopt its use.”
“The MOH who is coordinating body with
government programs in the country has
not emphasized GIS use in the health
sector and as NGOs we do what is in line
with MOH priority programs.”
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Factors

Theme

Sub-category
Political support
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Sub-category description
(Frequency: GIS users; GIS nonusers)
Lack of political support, motivation,
and appreciation
(12; 7)

Sample quote
“Organizations’ readiness for such a
change, as a government entity many of the
initiatives if they don’t take place or not
championed by the government
organization, then we are not so motivated
to put up efforts in there, because we
might pour funding and nobody will
approve the funding, say if the government
initiative is weak in any particular field or
area, then even for us, the motivation
reduces, because if we need the funding or
support in terms of political policy, then
you find that it’s a challenge to motivate
people to drive it to its budgetary
realization.”

5.3. Results
5.3.1. Factors That Contribute to the Non-Use of GIS Technology
Table 5.1 shows the technical and non-technical factors that influence the non-use of
GIS technology in Ugandan health sector organizations. The technical factors include
the themes technical constraints, and GIS-equipment constraints. The non-technical
factors include the themes geospatial data constraints, institutional and managerial
constraints, financial constraints, economic constraints, social constraints, and political
constraints. Some of the thematic constraints crosscut each other: Technical constraints
crosscut geospatial data constraints, GIS-equipment constraints crosscut financial
constraints, and institutional and managerial constraints crosscut financial constraints
as well as social constraints. Below, we will discuss the factors that contribute to the
non-use of GIS technology use in the Ugandan health sector.
Technical Factors
The technical theme technical constraints consists of the sub-categories education, GIS
infrastructure, and skilled expertise. The technical theme GIS-equipment constraints
consists of one sub-category, namely software and hardware. These factors are
discussed below.
Technical constraints. A lack of skilled personnel and a lack of GIS equipment
emerged as the key factors that contribute to GIS technology non-use among various
health sector organizations. In general, there is a lack of skilled personnel in Uganda
concerning GIS technology, because public-health institutes have not yet introduced GIS
courses in their curriculum. Specifically, GIS-technology adoption has only just begun
in Uganda, so few people are knowledgeable and trained in GIS technology use.
However, even though the usage of GIS technology is currently low (and as such,
personnel is insufficiently trained in handling and maintaining geospatial data, in
collecting field data, and in handling GIS-based field activities) in Uganda, there are
indications that many health sector organizations will be using GIS technology in the
future (MOH & WHO, 2006; UAC, 2009).
Of the 57 GIS-using participants, 44 participants highlighted that staff do not
have enough expertise in the area of geospatial-data handling and GIS technology in
general. Moreover, personnel involved in GIS technology use do not usually have
enough experience and knowledge of GIS technology to understand the GIS community
need for geospatial data. As a result, health sector organizations are outsourcing GIS
activities to skilled individuals and private organizations with adequate expertise.
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However, 12 participants belonging to GIS using organizations versus 5 organizations
that are not using GIS technology noted that even when an organization is interested in
training its staff, it may still not be able to afford it due to financial constraints (e.g., no
specific training budget attached to the overall GIS-activity budget). Participants also
noted that public-health institutes of higher learning in Uganda have not yet included
GIS in their curriculums, which hinders its wider use in the health sector. The GIS
module is incorporated as a preservice course taught in geography courses,
environment courses, and surveying courses at Makerere University. However, not only
geographers, environmentalist, and surveyors need knowledge about GIS technology.
Specifically professions that require handling data (e.g., statistics, economics, health)
need the same knowledge. It should also be noted that private, self-oriented GIS training
centers (e.g., Geoinformation Communication Limited, GIS Consult) are not affiliated
with universities or major training institutions to ease the funding.
Furthermore, participants caution that health sector organizations should
understand that implementing and adapting a GIS infrastructure is very expensive.
Adopting GIS technology is not a cheap undertaking like any other data-collection
exercise. If the costs involved are not covered, budgeted, or when there is no plan of
covering the costs, it becomes very tricky to actually use GIS technology. The GIS
components need to be bought, the GIS system needs to be maintained, and more
people need to be recruited to be able to collect coordinates, so the high costs are
unavoidable. Thus, a lack of GIS IT infrastructure (e.g., computers, power, and internet
connections), software, skilled personnel, and a GIS technology working environment
(e.g. space, big size printers, plotters, scanners [A0, A1 paper], map cabinets) that suits
operating the GIS system are barrier factors for GIS technology use.
GIS-Equipment. According to the participants, a factor that contributes to GIS
technology non-use was the cost of procuring GIS equipment (e.g., ArcGIS software and
GPS devices for data collection). GIS software, apart from the open-source quantum
software that is largely available, is not available in the country. Even though an
organization may be able to pay for a single key for individual use, multiple copies for
several employees are unaffordable for most health sector organizations due to their
limited budgets. The participants highlighted that the high costs of hardware, software
licenses, annual license renewals, and other necessities (e.g., servers, GPS devices,
training for personnel) keep some organizations from using GIS technology due to a
lack of funds. Likewise, participants noted that there is a lack of coordination in the
trainings, even when employees are sent abroad for GIS training or with self-oriented
local training agents. Moreover, employees returning from GIS training sometimes
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cannot apply their new knowledge due to an unsuitable working environment (e.g., a
lack of computers and GIS software).
Non-Technical Factors
Geospatial data constraints. What contributes to GIS technology non-use is the fact that
not enough lower level geospatial health data are available that are required for
planning and decision-making. Since GIS technology is still new in Uganda, most data
are still recorded on paper, so the data needs to be digitalized. This lack of available
digital data is discouraging health organizations to adopt GIS technology use, because
their budget does not enable them to collect geospatial health data. So the existence of
incomplete and scattered datasets in analogue format which need costly procedures to
convert to a digital format hinders GIS technology use. Organizations see it as a waste
of resources instead of dealing with pressing problems, such as the disease outbreaks
that have plagued the country. For example, in most health organizations, the data are
scattered, and kept in dusty cabins and on paper. Yet, to be able to use GIS technology
in health activities, we need digital maps and data about health infrastructure (e.g.,
water, electricity, health workers, solar, transport network, health facilities, delivery
rooms, injection room, natural hazard areas, sewage and drainage facilities). A lack of
such digital infrastructure maps at the national and organizational level is posing a
challenge for adopting GIS technology use. The information exists in paper format, but
needs to be converted to digital format, which is costly.
In addition, the unavailability of lower level geospatial data hinders GIS
technology use. For instance, organizations that have tried to use GIS technology have
struggled and used a lot of money in coming up with the best layers. For example, the
Uganda human resource health audit strategy-support program (MOH, 2012) used GPS
devices to capture facility locations, but due to lacking village data, the village analysis
needed to guide planning and decision-making could not be carried out. Participants
highlighted that when their organizations contacted all organizations that should have
the village layer (shape-file), these could not be given to them. Since it is impossible to
map all the villages in the country themselves in order to link health workers to villages,
their analysis of the needed lower-level geospatial data is hindered. These
organizations simply lack resources, staff, and staff expertise.
Incomplete, poorly storage, and scattered health datasets in analogue format has
complicated GIS technology use in Ugandan health sector organizations. For instance,
people are still using analogue files and filing cards, and filing systems are poor in health
facilities. In addition, the facilities (hospitals) in the districts have many books, cards,
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and reports in analogue format. Thus, health sector organizations should adapt to GIS
technology use to simplify data storage, data access, collaboration, and data sharing.
How do you share a book with records from 1979 until today? The current lack of digital
information hinders organizations’ GIS technology use.
Another hindering factor is a lack of (access to) geospatial data: Organizations
may be willing to use GIS technology, but the lack of data and difficult access to data
keeps them from doing so. Participants noted that organizations sometimes spend a
month going through protocols and bureaucracy without even getting the data. Health
organizations often have limited budgets that keep them from collecting their own
geospatial data. This demotivates them to use GIS technology.
Health organizations are satisfied with the traditional ways of producing and
delivering data, information, services, and products which are unsatisfactory. This
contributes to GIS technology non-use for health activities. Even though some health
organizations have realized the importance of using GIS technology for efficient
decision-making, and for service production and delivery, there is some resistance to
changes and to the introduction of new technologies like GIS technology. There is often
a lack of support when GIS professionals try to raise the idea of using GIS technology
for health activities. Bosses feel threatened, regarding their usefulness and importance
in the organizations.
Another factor mentioned was a lack of data standards and procedures for data
collection and geospatial-data production, which makes it difficult to integrate data
produced by another person in order to make tangible decisions. Furthermore,
Ugandan health organizations have little experience in the GIS field. As a result,
companies without experience in GIS implementation sometimes do win a competition
for getting a GIS project. This has resulted in the failure of GIS projects in developing
countries. Therefore, there is a need to establish nationally defined and agreed upon
procedures and assessment criteria to also evaluate the private sector companies
before they become active in the GIS field.
Institutional and managerial constraints. From the institutional perspective, a
key challenge to GIS technology use is a lack of commitment by organizations to act on
GIS-training needs. Based on the limited budget, organizations have a tendency to train
only one person but when that person leaves the organization, nobody else can take on
the GIS role, so GIS technology use ceases to exist. Thus, health sector organizations
should train more than one person if they are to venture into the direction of using GIS
technology. In addition, 3 participants from GIS-using organizations mentioned that,
there are no dedicated GIS departments for GIS activities in health organizations that
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are directly responsible for those activities. Participants highlighted that several health
sector departments do not engage in GIS activities separately, and the available data is
scattered, in pieces, redundant, analogue, incomplete, and cannot be used by others.
Furthermore, participants highlighted that GIS technology use is considered a
monitoring and evaluation undertaking. Thus, people who are involved in other
organization activities may not find it useful or so much meaningful to them: They do
not appreciate GIS technology use much, because they assume it is only about
monitoring and field research.
A lack of a GIS component in health-job structures, according to participants, is
another factor that contributes to GIS technology non-use. In Uganda, a GIS professional
is not part of the health-job structures. Equally, when projects requiring GIS capabilities
are developed and implemented, health organizations try to adapt the existing
structures which do not cater for a GIS position. Even the Ugandan Ministry of Health
(MOH) headquarters (the coordinating body for health activities in the country) does
not have a well-fledged GIS department and skilled staff to handle GIS activities.
Participants stated that there is a lack of a dedicated body as well as a lack of
managerial and technical experience at all levels in the health sector arena, which has
made GIS implementation challenging and unsuccessful. Usually, organizations
outsource GIS implementation or rely on the support of only one or a few employees
with little knowledge about GIS implementation, and a specialized body that is
dedicated to the implementation of GIS technology for a reasonable period of time is
absent. As a result, changing the position of the staff stalls the implementation of GIS
technology, which is usually stopped. For example, the National Planning Authority was
trying to implement an SDI, but when the person handling the implementation process
left for another job, the whole process stopped for almost six years, and now continued
in 2017 to this day.
Another factor is the existence of conservatism in health sector organizations’
problem solving. Health sector organizations do not use GIS technology, because they
have already set their own ways of doing things and feel that the methods they are using
are right. Furthermore, GIS technology is not incorporated enough in the design stage
of programs and activities to be used in health organizations’ analyses.
Financial constraints. A lack of financial resources is a big constraint, because of
an overall lack of resources necessary to implement and acquire necessary devices for
GIS technology use. The cost of a GIS-software license is high, expires after a short
period, and needs annual updating. In addition, the cost of producing and maintaining
geospatial data is high, because there is a lack of geospatial data in health infrastructure
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planning activities. Yet, health sector organizations do not have a specific budget for GIS
activities. For instance, the MOH does not have a separate and sufficient budget to cover
data-collection expenses and different stages of GIS implementation, such as acquisition
and periodic updating of geospatial data, software, and hardware. The recurrent costs
that are involved in establishing a GIS system (starting from acquiring the software,
hardware, and skilled personnel) are high and demotivate organizations to adopt GIS
technology use.
Economic constraints. A lack of donor influence to use GIS technology (i.e.,
insufficient demand for GIS technology use in the project they are funding) contributes
to organizations’ GIS technology non-use. For example, USAID funded donor projects
had encouraged all partners to use GIS technology in their activities, because they are
interested in GIS technology use, and in its role in easing decision-making, in showing
accountability and transparency, and in effective resource allocation to beneficiaries.
However, some donors are not interested in using GIS technology in their projects,
because it is proclaimed to be an expensive venture.
Insecurity in the continuity of funding to implement GIS projects is also a
contributing factor to GIS technology non-use, because most activities are project based
and donor funded. Thus, organizations that depend on funds fear to fully adopt GIS
technology use. Some organizations are not sure of the continuity of funding for
continuous implementation of GIS activities, because top management is not
supportive, and thus sceptical to invest in expensive software. So even when GIS
technology is implemented, organizations cannot rely on funds for continuously
maintaining, collecting, and updating geospatial data, decision tools (renewing of the
software license) and training personnel to use those tools, because top management
of health sector organizations have little awareness and knowledge about the important
role of GIS technology use in their organizations.
Likewise, because most health sector organizations’ activities depend on funding
pattern of donors, data are often managed according to the interest of the donors (e.g.,
the global fund, USAID). As a result, unless GIS technology use is part of what
organizations are expected to do, organizations will only invest time and resources in
GIS technology use if it is a donor requirement. This indicates that GIS technology use
for most health activities boils down to taking order from donors. As a result, when
there is no interest from the donors, GIS technology will also not be used for managing
the program.
Social constraints. Social constraints include a lack of knowledge about GIS
technology use and a lack of awareness about its value for the organizations, and
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political and personal reasons for not sharing which hinders the free flow and sharing
of information with other organizations and interested users. In addition, social
constraints include poor attitudes and a lack of appreciation towards new innovations,
which makes people not want to learn and be oriented to traditional ways of problemsolving. Furthermore, participants stated that the attitude of management hinders
some organizations to adopt GIS technology use, because top managers perceive
implementing and using GIS technology as a waste of resources when they are already
understaffed in health facilities and they are already lacking drugs.
Political constraints. Participants also mentioned that lack of political support,
motivation and appreciation from government, political leaders and respective top
management of different health sector organizations was discouraging to adapt GIS
technology use. For example, in a public health sector organization, it is difficult to adapt
new innovations like GIS technology use if there is no appreciation and support by
government and top management of an organization. GIS technology use has to be
supported by government because of high costs involved for its implementation and
continuous maintenance. As one participant mentioned: “I believe that government has
not really taken GIS technology use very keenly, unlike other countries where the
government really encourages innovations in areas like GIS technology use. In Uganda
there is no encouragement in such innovations, that is why we have few GIS technology
users in the health sector”.
GIS Non-User Perspective
According to participants belonging to non-GIS-using organizations, the following four
factors are key factors that contribute to GIS technology non-use in their organizations:
1) a lack of skilled personnel with GIS expertise to operate GIS technology, 2) a lack of
monetary resources to set up a server, to implement a GIS infrastructure, to invest in
GIS technology, and to train personnel, 3) a general lack of information, knowledge, and
awareness about the value of GIS technology use, and 4) a lack of appreciation for GIS
technology and resistance to change.

5.3.2. Recommendations for Improving GIS Technology Use
Now that we have identified factors that contribute to GIS technology non-use in health
sector organizations, we will propose strategies to address these factors. Participants
proposed mechanisms for improving GIS technology use in the health sector. Table 5.2
shows responses from all participants; participants belonging to GIS-using
organizations as well as participants belonging to non-GIS-using organizations. Based
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on our data and on the literature (Sipe & Dale, 2003; Taleai, Mansourian, & Sharifi,
2009; Tanser & Le Sueur, 2002), we identified technical and non-technical factors that
hinder GIS technology use for health activities in Uganda. We subsequently identified
eight underlying themes with respective sub-categories for addressing GIS technology
non-use in Ugandan health organizations. Concerning the technical factors, we propose
two strategy themes: technical, and GIS equipment. Concerning the non-technical
factors, we propose six strategy themes: geospatial data, institutional and managerial,
financial, economic, social, and political. The strategy themes are the same as the
technical and non-technical factors corresponding themes presented in Table 5.1. We
derived the strategy categorization from Sipe and Dale (2003) and from Taleai and
Mesgari’s (2005) taxonomy by using methodology of Miles and Huberman (1994).
Technical Factors
Concerning technical factors, participants recommended the following mechanisms to
improve GIS technology use in health sector organizations: partnership, training and
internal capacity building, incorporation of GIS in the curriculum of higher education
and public health institutions, developing a collaborative SDI for information and
geospatial data sharing, access, and communication, and coordinating GIS user groups,
and taking advantage of the high potential in IT and ICT growth by purchasing GIS
software and equipment. Participants also recommended to integrate GIS technology in
already existing health information systems (e.g. district health information system
two-DHIS2 which provides district performance reports on figures) and recruiting
personnel with relevant GIS technology skills. It was observed that some organizations,
even when they use GIS technology regularly, still rely on consultants for skills and
infrastructure. In some organizations, GIS technology use is based on the personal
interest of staff members who have the skills to use GIS technology.
Capacity building: partnership, training and internal capacity building. There is a
need to train more people in GIS skills, especially those who will be handling GIS
analysis or health-related issues, and who will be in charge of GIS work in various health
sector organizations. Training people on how to use GIS and its accessories (e.g., GPS)
is necessary to get more qualified GIS personnel in different departments, because there
are currently not enough people in Uganda who are qualified in GIS technology use to
handle health analyses. Thus, it is vital to create and build capacity internally, so GIS
technology can easily be implemented in health programs. The training can be
enhanced on existing Monitoring & Evaluation (M&E) staff in GIS-using organizations
all over health sector, because they are already handling GIS health activities in their
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respective organizations. In addition, participants highlighted that public health
schools should start partnerships with other teaching institutions around the world to
teach GIS courses in Uganda.
Education curriculum: Include GIS in the curriculum of higher education and public
health institutions. Participants recommended that GIS training should eventually be
included in the curriculum of health trainees at the tertiary level. Training at this level
would ensure an increase in health workers who are knowledgeable about GIS
technology and therefore, implementation would not be a challenge. This would go a
long way in addressing the most frequently mentioned challenge (lack of GIS expertise)
in most health sector organizations. The participants highlighted that the government
should open avenues for GIS training by incorporating GIS modules in the curriculum
of higher education and public health institutes of higher learning. As a result, people
should have ample knowledge about GIS technology use and its value.
Develop a collaborative SDI as information-sharing infrastructure. Establishment
of a collaborative spatial-data infrastructure (SDI) for sharing, communicating, and
accessing GIS data was also mentioned as a strategy for improving GIS technology use.
Such a platform would ensure routine sharing, data quality, communication,
availability, and up-to-dateness, free access in any part of the country, and regulated
GIS technology use with standards. It would probably also regulate data use to ensure
that the data of organizations are not misused. Participants recommended to
implement such a collaborative SDI in partnership with the Ministry of ICT. However,
these recommendations depend on a successful MOH policy on GIS technology use and
respective strategies, and on institutionalization of GIS.
GIS equipment. Participants argued that there is a need for GIS-using
organizations to lobby for finances to acquire the GIS technology software and its
components. Thus, the financial aspect is key to keep the system working and this
should be done through donor interest who will give the money. In addition,
participants recommended that the government should purchase or avail the GPS
devices plus the GIS software's at subsidized prices for students and staff organizations
to do practical work after training and have been employed. One participant highlighted
that “lower prices of IT equipment and enact GIS policy by providing price subsidizes
for its equipment”. Participants also recommended that developers of GIS equipment
should make GIS software better understood, simplified and easy for people to use its
functionalities by providing user-friendly manuals and trail versions to user
organizations. In addition, participants recommended that developers should create
persuasive awareness, promotion, marketing and present articles in seminars,
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conferences or workshops to educate developing countries like Uganda about GIS
technology hardware and software use. ‘
Non-Technical Factors
Concerning non-technical factors, geospatial data, institutional and managerial,
financial, economic, social, and political themes were identified to address none use of
GIS technology in the health sector organizations in Uganda.
Geospatial data. Participants recommended that core or fundamental and
existing geospatial datasets should be made freely available and frequently updated.
Thus, participants recommended that the government of Uganda should invest in
producing, and updating national up-to lower level infrastructural health data, for
example converting analogue health data into digital geospatial data to attract health
sector organizations with limited budgets to use GIS technology. Developing geospatial
data standard procedures in the same format for collecting, exchange, storing,
communication, and sharing was recommended by participants as a strategy of making
geospatial data available, usable and accessible to improve data quality. In addition,
participant recommended making geospatial data available for public use by the
government creating a one-stop center for accessing all types of health datasets.
From institutional and managerial perspectives, participants recommended the
following mechanisms to improve GIS technology use in health sector organizations:
create a professional coordinating body or GIS user groups to advocate for GIS
application, institutionalization of GIS by government by establishing GIS units within
health organizations and, develop government policy on GIS technology use, reduce
taxes, and provide subsidies for software and hardware and, awareness creation and
sensitization about the benefits of GIS technology use among health sector
organizations. These strategies are proposed to be carried out by the government. The
government as the regulating body on standards and procedures needs to ensure that
health sector organizations are implementing GIS technology use. Government policy
on the use of GIS technology, and standards, taxation, and subsidy for GIS technology
use can go a long way in ensuring that organizations implement GIS technology,
especially where the costs of GIS technology use has been a key constraining factor.
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Table 5.2: Strategies for improving GIS technology use in Ugandan health sector organizations
Factor
Theme
Sub-category
Sub-category
Strategy
Constraint
Strategy
description
Technical

Technical

Education

Capacity building

Partnership, training,
and internal capacity
building

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
Train people in GIS skills, especially
those who will be handling GIS
analyses or health-related issues,
and who will be in charge of GIS
work in various sectors. Train them
on GIS technology use and its
accessories (GPS) to get more
qualified GIS personnel in different
departments (19;14)
Need for continuous refresher
courses and capacity building for
already trained personnel to
improve their skills, and equip
people with the new knowledge
(7;0)
Create and build capacity internally
to provide technical skills and
capacity enhancement so GIS
technology can easily be
implemented in health programs
(5;3)
Need to standardize and subsidize
GIS training (or offer for free) at the
district level, because people lack
knowledge about what this new
technology does where and how
(2;1)
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Factor

Theme

Sub-category
Constraint

Sub-category
Strategy

Strategy
description

Education
curriculum

Include GIS in the
curriculum of higher
education and public
health institutions

Skills

Expertise

Recruit people with
relevant GIS skills

GIS
infrastructure

Collaborative SDI

Establish an
infrastructure for
accessing and
sharing data, and a
coordinating body or
GIS user groups
Integrate GIS
technology in the
existing systems
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Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
Both public and private
organizations should invest in
capacity building to have a pool of
trainers to carry out training in
every health organization (2;1)
Public health schools should start a
partnership with other teaching
institutions to teach GIS courses in
Uganda (1;0)
Government should open avenues
for GIS training by incorporating GIS
modules in the curriculum of higher
education and public health
institutes of higher learning (15;5)
Recruit personnel who have the
capacity, knowledge, or skills to
apply GIS technology in the
organization (4;0)
Government should establish and
invest in a national health digital SDI
for producing, accessing, and sharing
data and information related to GIS
actions, between health sector
organizations and other GIS-using
organizations (15;0)
Integrate GIS technology in the
existing health-management

Factor

Theme

GIS
equipment

Sub-category
Constraint

GIS equipment

Sub-category
Strategy

Strategy
description

IT infrastructure

Take advantage of
high potential in IT
and ICT
Purchase software
and equipment

Software and
hardware

Standardize GIS
software

Promote GIS
technology use

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
information system to become a geo
information system (2;0)
Take advantage of high potential in
IT and ICT to improve internet
access (18;10)
Need to mobilize resources (money),
and invest to implement a GIS
infrastructure and to buy associated
software and equipment (hardware)
(13;5)
Purchase or avail the GPS at
subsidized prices, plus the GIS
software that can help in
analysis (3;1)
Provide equipment, software, and
GPS units for students, and staff
organizations to do practical work
after training and been employed
(3;0)
Need to work with the Ministry of
ICT to standardize GIS software for
producing maps and data-collection
devices properly before fully going
into its full use (right tool
specifications, e.g., software, GPS
system, computers) (8;0)
Promote GIS technology use through
open-source GIS software (6;0)
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Factor

Nontechnical
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Theme

Geospatial
data

Sub-category
Constraint

Sub-category
Strategy

Strategy
description

User-friendliness and
manuals

through open-source
software
Developers should
make GIS technology
user-friendly and
provide manuals

Geospatial data

Geospatial data
availability and upto-dateness

Make core geospatial
data freely available
and frequently
updated by the
Uganda Bureau of
Statistics (UBOS)

Geospatial data
standards

Geospatial data
standards

Develop geospatial
data standard
procedures for
collecting GIS data

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
GIS developers should make GIS
software user-friendly (better
understood, simplified, and easy to
use) for people to appreciate its
service (3;6)
Developers of the software should
provide manuals which are userfriendly to the users, and provide
trial versions to organizations (4;9)
Core (fundamental) datasets should
be available and provided freely
(14;0)
Government should invest to
produce digital up-to-date, national,
and infrastructural spatial health
data to attract health organizations
with limited budgets to use GIS
technology (12;0)
Make existing geospatial datasets
available (11;0)
Need to develop standard
procedures for producing, storing,
and sharing data, and for making
geographic information accessible to
improve data quality (6;0)

Factor

Theme

Sub-category
Constraint

Sub-category
Strategy

Strategy
description

Institutional
and
managerial
constraints

Availability of
alternative
methods

Advocacy

MOH, UAC, and GIS
professionals should
advocate GIS
technology use

Data-custody
institutions

Make datamaintenance and
updating institutions
known
Create a GIS
professional body

Dedicated GIS
departments,
professional GIS
body, and
managerial
experiences

GIS professional
body

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
MOH, UAC, and GIS professionals
should advocate, promote, and
support GIS technology use and
adoption in the health sector by
providing practical demonstrations
of real problems (12;10)
Advocate for capacity building in all
organizations to train their staff and
managers on GIS technology use
(2;0)
Advocate for GIS technology use at a
national level, which requires all
organizations and ministries to
adopt it, and market it by giving
practical demonstrations of
successful adoptions (2;0)
Make known what institutions will
be responsible for maintaining
information and keeping it up to
date (2;6)
Create a GIS professional body to
market, sensitize, and advocate for
GIS technology use by demonstrating GIS software and its benefits
in (successful) model organizations,
and by informing people about the
areas GIS technology can be used for
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Factor

Theme

Sub-category
Constraint

Sub-category
Strategy

Identify information
need
Motivation
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Organizational
commitment

Institutionalization
of GIS

Size of
organization
and lack of
operational
staff
Institutional
priorities

Institutionalization
of GIS

Institutionalization
of GIS

Strategy
description

Carry out an
information-needs
assessment
Create motivating
approaches to
encourage staff to be
innovative.
Institutionalization
of GIS by
government by
establishing GIS
units within health
organizations
Recruit people with
GIS skills to be part
of health system
structure
Recognize GIS
technology use as a
separate activity and
resource it
adequately

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
in the health sector and where
people can get training (12;5)
Carry out an information-needs
assessment to know who actually
needs GIS information and which
type (5;1)
The MOH should create motivating
approaches to encourage staff to be
innovative and adapt to new
changes as GIS technology use is
growing rapidly (3;2)
Establish GIS units within health
organizations for people with
expertise or GIS skills to be part of
the health system (13;2)

Factor

Theme

Financial

Sub-category
Constraint

Sub-category
Strategy

Strategy
description

Organization
politics and
support

Dissemination of
information on GIS
technology use

Disseminate
information on GIS
technology use

Awareness and
sensitization

Create awareness
and sensitize about
the benefits of GIS
technology use

Budget
Resources

Commit funds or
lobby funds for GIS
(Provide the budget)

Resources

Economic

Donor influence

Donor support

Demand

Awareness and
sensitization

Donors need to
encourage GIS
technology use
Create awareness
and sensitize about

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
Disseminate information about GIS
technology use and its benefits
(what is GIS and how it can help?),
about installation costs in terms of
money to implement GIS technology,
and about GIS training avenues (5;7)
Disseminate information about
organizations that are using GIS
technology, so health organizations
can collaborate and share
information (7;8)
Lobby resources or provide the
budget and resources for an IT
infrastructure (buying software,
GPS, computers) and GIS
implementation in organizations
(6;0)
Commit funds or allocate budgets to
capacity building and GIS activities
within the organization when
designing programs (4;6)
Donors need to encourage programs
they fund to use GIS technology and
inform them about benefits (0;4)
Disseminate information about
organizations that are using GIS
technology, so health organizations
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Factor

Theme

Sub-category
Constraint

Sub-category
Strategy

Strategy
description

Dissemination of
information on GIS
technology use

the benefits of GIS
technology use
Disseminate
information on GIS
technology use

Government policy

Social
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Funding
insecurity

Donor support

Awareness,
information,
and knowledge

Awareness and
sensitization

Develop government
policy on GIS
technology use,
reduce taxes, and
provide subsidies for
software and
hardware
Donors need to
encourage GIS
technology use
Create awareness
and sensitize about
the benefits of GIS
technology use

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
can collaborate and share
information (7;8)
Disseminate information about GIS
technology use and its benefits
(what is GIS and how it can help?),
about installation costs in terms of
money to implement GIS technology,
and about GIS training avenues (5;7)
Government should subsidize or
reduce taxes for (IT equipment) GISsoftware licenses to make it more
affordable and available, especially
for the technology to be used in rural
areas. (4;2)
Bring donors on board for GIS
adoption, and to fund projects that
promote GIS health activities (1;5)
Create awareness and sensitize
about GIS benefits for health
organizations by practically
demonstrating (in public places)
successful experiences from
countries/organizations who have
used it or are using it in the health
sector, because people are lacking
knowledge about what it does where
and how (36;33)

Factor

Theme

Political

Sub-category
Constraint

Sub-category
Strategy

Strategy
description

Attitude and
behavior

Attitude

Change the attitudes
of decision-makers

Culture

GIS pilot

Run GIS pilot
projects

Advocacy and
sensitization
Compliance
with donor
requirements

Sharing platform
Government policy

Create a mobile
transmission
network and sharing
platforms
Develop government
policy on GIS
technology use,
reduce taxes, and
provide subsidies for
software and
hardware

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
Government should create
awareness as a means of advocacy
and sensitization for GIS technology
use in organizations, to make sure
government stakeholders (e.g.,
ministries, high level politicians)
have knowledge about GIS
technology use (14;0)
Efforts should be undertaken to
sensitize decision-makers about GIS
technology use in order to change
their preference for using traditional
methods (0;3)
Need for pilot projects where GIS
technology is utilized in health
projects (0;3)
Create the Mobile Transmission
Network (MTN) awareness and
sensitization platform (0;3)
Government should enforce a GIS
policy to adopt GIS technology use
for health activities or on all healthrelated projects in health sector
organizations (14;12)
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Factor
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Theme

Sub-category
Constraint

Sub-category
Strategy

GIS policy

Government policy

Political
support

Government policy

Strategy
description

Strategies for addressing GIS
technology non-use (Frequency:
GIS users; GIS non-users)
Government should create an
enabling environment and take
advantage of ICT’s rapid growth by
providing subsidies for GIS software
and training, especially for rural
health facilities and districts (7;2)
Government should subsidize or
reduce taxes for (IT equipment) GISsoftware licenses to make it more
affordable and available, especially
for the technology to be used in rural
areas. (4;2)

Participants recommended creating a GIS technical user working group
that could focus on GIS technology use sensitization and advocacy by
demonstrating how GIS works using model organizations. In addition, the GIS
professional body should coordinate GIS activities in Uganda which should
involve all organizations that are using GIS technology. From the GIS professional
body, small groups of GIS communities should be created that discuss GIS
technology from the health perspective, and share relevant information with
Ugandan health sector organizations in the country. Equally, the GIS professional
body would be a coordinating body that helps showcase GIS capabilities and
applications to policy and decision-makers by practically demonstrating in
organizations within or outside the county, to improve the level of GIS
technology use at different managerial levels.
Institutionalization of GIS by government and health sector organizations
was also recommended as a strategy for improving GIS technology use. It was
noted that in most government ministries and departments, there are no
positions for GIS staff. Institutionalization of GIS would ensure that it is
recognized and adequately resourced, both concerning finances and personnel.
Similarly, health sector organizations need to recognize GIS technology use as a
separate activity and resource it adequately. One of the challenges to GIS
technology use mentioned by participants is that it is considered as an additional
task for M&E teams, and thus may not always get as much support compared to
their routine M&E work. Recognizing and instituting GIS teams would overcome
such obstacles.
To address none use of GIS technology, participants recommended that
health sector organizations should carry information needs assessment to
identify type of geospatial data needed by each health organization. This will
enable to know the opportunities that are available for utilizing and
implementing GIS technology in the health sector.
Motivation was also recommended by participants as a strategy to
address non-GIS technology use. Participants highlighted that MOH should
create motivating approaches to encourage staff or people to be innovative to
adapt to new changes as technology is growing rapidly. For instance, motivating
staff with innovative ideas to discover new better approaches of solving health
problems can lead in motivating non-GIS using health sector organizations into
adapting GIS technology use.
Managerial, financial, economic, social, and political themes. To address GIS
technology non-use, participants recommended that health sector organizations
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should commit funds or allocate budget funding for GIS activities within the
organizations when they design programs. Using GIS capacity for health
activities requires committing more money by budgeting for the technology, and
utilizing the little or limited skills that organizations have, in order to motivate
others to use it as well. Likewise, organizations can lobby funds or commit
budget and resources to IT infrastructure (e.g., buying software, GPS, A0, A1 size
printers, computers), and cater for GIS implementation in organizations. In
addition, organizations can lobby for funds or commit budget and resources to
support research on collecting geospatial data or surveys to help in planning and
decision-making for health programs.
Participants recommended donor support is needed to encourage the
programs they fund to use GIS technology and inform them about its benefits. In
addition, participants highlighted that the government should bring donors and
private sector organizations on board for GIS technology adoption, and to fund
projects that promote GIS health activities to address insecurity in funding.
To promote GIS technology use, participants recommended that
professionals with a GIS background should create awareness, sensitization, and
appreciation through demonstration teaching in public places, concerning the
value of GIS technology use (e.g., for policy and decision-makers). They should
also inform the people about the benefits and capabilities of GIS technology use.
In addition participants recommended to create the Mobile Transmission
Network (MTN) awareness and sensitization, to let the people know about the
GIS technology use and once they know, what it is, what it does, how useful it is,
and how beneficial it is, then it will increase the spread of GIS technology use.
Our findings confirm the literature which highlights that governments
should put an enabling environment (Kufoniyi, 2009) in place by offering
subsidies for software and training, especially for rural health facilities and
districts. Health sector organizations should take advantage of the rapid growth
of ICT, with the development of mobile phones which are now being used by
everyone, even in rural settings. These phones enable health professionals to
track patients (e.g., pregnant mothers), or in times of emergency. Communities,
on the other hand, can call medical personnel if there is a health problem in their
vicinity. This will help curb, control, and prevent the spread of contagious
diseases such as Ebola and Marburg.
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GIS Non-User Perspective
Participants belonging to non-GIS-using organizations recommended creating
awareness and sensitization as a key strategy for improving GIS technology use.
This was followed by the strategy government support to create partnership,
training, and capacity building, by the strategy enacting government policy on
GIS technology use and subsidies for GIS equipment, and by the strategy taking
advantage of high potential in IT and ICT. Their other recommendations were
similar to the recommendations given by participants from GIS-using
organizations.

5.4. Conclusion and Discussion
Our findings show that Ugandan health sector organizations are still using the
traditional system of geospatial data storage, communication, access, and
sharing. However, based on our finding, we suggest that efforts should be
focused on integrating GIS technology in the existing health systems, in order to
stimulate GIS technology use for health sector activities. This will guide health
sector personnel in planning and quick decision-making concerning disease
surveillance, prevention, and control.
Participants recommended that the Ugandan government should take the
lead in developing a collaborative SDI, because such an information-sharing
infrastructure is expected to reduce costs of data collection, duplicate datasets,
and maintenance of datasets. Furthermore, it is expected to increase data quality
and to ease data integration, because organizations will be abiding by the same
standards. Our findings indicate that there is consensus among participants
about strategies for improving GIS technology use. For instance, participants
recommend implementing a GIS data policy that would allow value additions on
dataset, layers or shape-file products and services by the private sector, foster
standards compliance, improve the usability of geospatial data, and would help
health sector organizations improve their service delivery. However, a
collaborative SDI would be required to be a central repository (one stop-center),
so organizations can access information to support their targeting for upcoming
projects. They should in turn be able to submit such information themselves, to
keep the central repository up to date.
The concept of SDI development is to facilitate the sharing of geospatial
data (Rajabifard & Williamson, 2002), from various data sources, systems, and
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network integrations, and with standards and institutional issues. The aim of an
SDI is helping deliver geospatial data and information from multiple sources to
the widest possible group of potential users (Kufoniyi, 2004). According to the
United Nations Economic Commission for Africa (UNECA, 2005), an SDI
incorporates different databases (ranging from local to national databases) into
an integrated information highway, and constitutes a framework that is needed
by the public to make effective use of geospatial data. UNECA also highlights that
an SDI can offer Web applications that are similar to the most used and known
functionalities that are common in GIS software (e.g., thematic maps, buffering,
geospatial analysis, and Web-processing services). The use of such applications
is growing fast in the SDI domain.
A collaborative SDI would also address two other factors that contribute
to GIS technology non-use, namely a lack of digital geospatial health data and a
lack of availability to such data. An SDI does not stand alone, so the required
geospatial data will be produced, communicated, and shared with other systems
and organizations based on defined standards. Thus, the implementation of a
collaborative SDI in Uganda would be helpful for health sector organizations.
Moreover, the budget constraints of these organizations would be assured of
efficient and effective evaluation to ensure successful plans for GIS
implementation (Taleai et al., 2009), and other activities of the health sector
organizations. Implementing a collaborative SDI should be coordinated with all
health professionals, GIS-using organizations, geospatial data producers, and
communities in the GIS arena. Instead of developing a stand-alone collaborative
SDI strategic plan, we recommend focusing on the strategic components of
collaborative SDI development, and integrating these components into the main
MOH strategic plan or into existing health-management information systems
(HMISs). Health sector organizations, GIS-using organizations, and geospatial
data producers should know that the process of developing and implementing a
collaborative SDI needs continuous modification due to technological changes,
MOH goals (since the MOH is the coordinating body for health activities),
environmental changes, and available resources (financial and human).
On that note, capacity building needs to be a priority for the Ugandan
government. The lack of technical resources should be addressed by public
health schools, by creating partnerships with other teaching institutions to teach
GIS courses in Uganda. Similarly, the government should open avenues for
training in GIS technology use by incorporating GIS modules in public health
institutes of education. This will prevent a shortage of GIS expertise, which would
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negatively impact a collaborative SDI initiative in the long run. As highlighted by
participants, health organizations keep hiring consultants to do work for a GIS
program. This is not beneficial to the organization, because the consultant will
leave with the expertise at the end of the consultancy, and hiring a consultant for
an extended period will be too expensive. There is a need for qualified GIS
personnel within GIS-using organizations, to track GIS activities over time.
Our findings show that there is a lack of partnership between public health
sector organizations and private organizations handling health-related
activities. The behavior of public health sector organizations differs from the
behavior of private organizations, because public organizations are motivated by
free public goods or services, and private organizations are profit-oriented.
Developing a collaborative SDI which encompass geospatial data policies will
create a middle ground through public-private partnerships. This will enable
public and private health organizations to collaboratively produce and validate
geospatial datasets to avoid duplication, and to make data available, shared,
communicated, and accessed to enable informed, evidence-based decisionmaking. On the other hand, private health organizations can develop commercial
value-added GIS products. Our findings show that organizations are unaware of
the potential value of a public-private health-organization partnership.
This finding is vital for Uganda, because producing and maintaining
geospatial datasets is expensive, and due to the non-existence of a national GIS
policy, a lot of duplication exists in geospatial datasets. Thus, the Ugandan
government, and especially the MOH, needs to take a stand and not only initiate
the development of a GIS policy that describes how health geospatial data should
be produced and maintained within the health sector, but also lobby for or
allocate budgets to support GIS health activities. To note, a suitable, structured
public-private partnership can help pay the costs, for example by exchanging
their efforts of geospatial data maintenance services at lower fees for valueadded products. Similarly, the Ugandan government should pay attention to an
already established feasibility study for a National Spatial Data Infrastructure
under national planning authority (GIC & Canada, 2011), to lobby for funds from
the donor community or form a private-sector consortium to implement, build,
and maintain the collaborative SDI for a contracted period of time.
Our findings further indicate that there is low use of GIS technology for
health activities with profit-oriented private health organizations due to a lack
of geospatial data ownership. This issue needs to be addressed to ensure that
private health organizations “are not alienated by NSDI initiatives that advocate
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sharing geospatial data at all costs or by the fear that a custodian will use its
dataset as a power base or bargaining tool in negotiations” (Sebake & Coetzee,
2012, p. 40). Likewise, copyright, custodianship, and geospatial data ownership
issues should be clearly stipulated in the GIS policy to clear fears of one
organization taking control of all the datasets and distributing these without
acknowledgment of and compensation for other organizations’ efforts (Sebake &
Coetzee, 2012).
We recommend organizations to clearly stipulate objectives of
contributing to a collaborative information-sharing infrastructure initiative in
their strategy. Without clear objectives, a collaborative SDI will be overlooked by
decision-makers who approve budgets. As our study participants suggest that
decision-makers lack appreciation for GIS technology use due to a rigid attitude
towards change. Efforts should be made to sensitize decision-makers about GIS
technology use in order to change their preference for using traditional methods.
Equally, aligning performance measurement with a collaborative SDI initiative
will encourage health organizations to carry out geospatial data-sharing
activities in their day-to-day operations and decisions.
Our findings further indicate that health sector organizations use GIS
technology in projects. In such an organization, the end of a project often means
the end of GIS technology use, especially when it was enforced by the funder and
the organization is not sure of continuing funding. Thus, health sector
organizations fear going into full blast of GIS technology use for all their
activities, because they cannot maintain it when funding stops (e.g., a GISsoftware license will expire soon and cannot be afforded without further
funding). Some organizations opt for open-source software (e.g., quantum-GIS
software) instead of ArcGIS-licensed software due to financial constraints. When
the ArcGIS software expires after a short period of time, these organizations are
forced to use open-source GIS software instead.
In addition, some organizations find themselves in a situation where they
trained their personnel in GIS technology use, but after a while, their trained
personnel leaves them to work for another organization, and forces the
organization to train new personnel to handle GIS activities. Establishing GIS
units within health organizations for people with GIS expertise to be part of the
health system could help in this respect.
Our findings also show that even though some organizations expected to
be using GIS technology a lot, they are actually making limited use of it due to
limited financial and human resources. These health sector organizations
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initially paid little attention to GIS usability for capturing and using geospatial
information, and do not have specific departments for capturing and managing
the geospatial data that they require. Many organizations only produced maps
that do not visualize all of their activity areas.
Furthermore, the potential of GIS technology has not been maximized by
organizations that have already used and benefited from it. For example, Uganda
identified an area to have oil in the western apart of the country. Unfortunately,
according to one participant, when an environmental impact assessment (EIA)
of the area was carried out, the study did not assess the health impact (pollution)
the oil refinery will cause to the bordering communities (e.g., the water sources
were they fetch drinking and cooking water). According to one participant, the
study only focused on biodiversity (the animals). The concerned authorities
were focused on possible effects on animals and tourism, but not on the health
of human beings. Thus, the government and GIS professionals need to create
awareness, sensitize, and advocate for GIS technology use for all health activities
in Uganda. This could enable health workers in planning, decision-making,
control, and eradication of easily manageable diseases.
Our findings further show that GIS technology has many applications, and
many factors contribute to its non-use in health sector organizations. A GIS
professional body could address these factors by demonstrating GIS technology
use benefited successful model organizations by improving GIS usability at
different managerial levels. Similarly, these GIS professionals would inform
decision-makers about GIS technology use, its advantages, and applications in
health sector organizations, again through successful organizations or developed
countries using it for health activities. This would enable decision-makers to get
a broad perspective of how GIS technology can be applied in health-service
delivery.
From our findings, we discovered that GIS technology is still a new
technology in the health sector. Its relevance has only recently been discovered
for (project-based) health activities, because GIS technology has not been
included in any health institution’s curriculum and activities in Uganda. We also
discovered that GIS technology has been used a lot at courses related to
geography at higher institutes of learning (e.g., Makerere university), but the
Makerere school of public health only recently realized the relevance of GIS
technology use in health. Our findings show that there is an urgent need to
incorporate GIS modules or courses into the curriculum of higher and tertiary
institutions of public health. This will enable them to train more people in
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handling and maintaining geospatial data, in collecting field data, and in handling
GIS field activities.
In addition, there is a need to sensitize and create awareness about GIS
benefits and the important role that GIS technology can play within
organizations. GIS professionals should promote GIS technology to health
organizations that are not (yet) using it, by demonstrating successful GIS health
activities from other countries or within Uganda. To encourage GIS technology
use, these professionals should focus on demonstrating GIS technology use for
health activities and on addressing its benefits, especially in terms of strategic
health planning, decision-making, health accessibility, effective resource
allocation, disease surveillance, health education, advocacy and communication,
monitoring and evaluation, performance reporting, risk-hazard mapping and
disaster preparedness, stakeholders, and service-provider mapping. This is
expected to create appreciation for and knowledge about GIS application and its
benefits.
Our study takes the first step in providing information about GIS
technology use to help health sector organizations understand the factors that
contribute to GIS technology non-use and strategies to address these factors in
Uganda. From our findings, we discovered that most of the barriers and
recommended strategies for addressing GIS technology non-use have been
suggested from studies done in developed countries (Boulos, 2004; Cockings et
al., 2004; Higgs & Gould, 2001), and can also be applied in developing countries.
Thus, we suggest that even though Ugandan health sector organizations consider
GIS implementation to be expensive, it is better to budget and dedicate
managerial efforts to look at the positive side of GIS technology use in an
organizational setting. This would improve organizational performance, and
positively influence policy and decision-makers’ behaviour and attitude towards
a wider acceptance of the new technology.
GIS technology use is the way to go, but Uganda needs a common platform
to access all geospatial datasets from. Participants recommend using opensource software for GIS beginners (e.g., quantum-GIS software). If an
organization is willing to start using GIS technology, they should start by using
open-source applications. Even the Ministry of Energy uses open-source and
uploads its data to an open-source website. Many people wrongfully believe that
they need to develop their own application system when they want to go digital.
However, the current GIS applications are very robust, highly technical, and
monitored. When more and more organizations use open-source software, then
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maybe, in time, we will have more different types of map products at village level
suitable for planning and evidence-based decision making.

169

170

Chapter 6:
Exploring Impacts of GIS Technology Use in Ugandan
Health Sector Organizations
The study described in this chapter explored the impacts of GIS technology use in
organizations handling health-related activities in Uganda. We collected
qualitative data by interviewing 89 participants from 75 organizations handling
health-related activities. Of these organizations, 43 were and 32 were not using GIS
technology. We used thematic coding to analyze our qualitative content in order to
explore the impacts of GIS technology use in health sector organizations. The
findings indicate the following most influential impacts of GIS technology use in
health sector organizations: data-integration capability, database-content
capability, understandability and readability, identification of gaps and challenges
in service delivery, better decision-making and planning, and equity (equal
resource allocation to the right communities). Seven beneficial themes with fortytwo respective sub-categories emerged: system quality, information quality,
information use, user-satisfaction, individual impacts, organizational impacts, and
societal impacts. In addition, four disadvantageous themes with seven subcategories emerged: system quality (sub-categories: technical and GIS equipment),
organizational
impact
(sub-category:
institutional),
user-satisfaction
(subcategory: attitude), and societal impact (sub-categories: legal, social, and
economic). The findings indicate that the benefits of GIS technology use range from
reducing operational costs to enhancing data integration, and from accessibility to
sharing and utilizing health information. The disadvantages range from requiring
expertise, poor data quality, yearly software renewal and expensive hardware
purchase, and resource intensity to establishing, buying and maintaining a GIS
infrastructure, and from time constraints, required continuous practice, no privacy,
and confidentiality to creating staff reduction and unemployment. As most of GIS
non-users were trained but merely lacked a complete GIS infrastructure to exercise
their expertise, the benefits articulated by GIS non-users were generally in
agreement with those articulated by GIS users. Our findings give health sector
organizations insight in benefits of GIS adoption, and inform technology developers
that the GIS software is not user-friendly enough. As the growth of GIS technology
use widens in Ugandan health sector organizations, awareness creation and
sensitization should be done to encourage GIS adoption and to increase
collaboration, partnership, and sharing of geospatial data to avoid duplication.
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6.1. Introduction
In recent years, geographic information system (GIS) technology has become
more broadly and extensively used in the management of health sector
operations and analysis applications (e.g., demographic analysis, site and
facilities management, disease surveillance, marketing, decision-making,
analyzing trends and environmental impacts caused by human activity,
prediction of possible results, and strategic health planning at different levels;
(Kaminska et al., 2004), because most of the data used by organizations have a
geospatial component. GIS technology enables a new manner of information
management that facilitates the collection, capture, manipulation, and
management of geospatial and attribute data, and the retrieval of information
about features on the earth’s surface. GIS technology can support crossfunctional (Kaminska et al., 2004) and centralized decision-making that allows
for a decentralized development and management of data. The use of GIS
technology has been driven by the potential needs of its users and the
capabilities of the technology to support decision-making. GIS technology
provides input for organizational decision-making and provides alternatives for
influencing the way health sector managers or decision-makers make decisions.
The capabilities and importance of GIS technology are well known in most
disciplines (e.g., geography, urban planning, natural resources, environmental
industries, geology, and health). Some theoretical research studied how GIS
technology has been used in health-related research and activities (Nykiforuk &
Flaman, 2011; Shaw, 2012) and in monitoring the extent of multiple-drug
therapy coverage, geospatial distribution, and severity of the disease to help
eliminate leprosy and help target resources to identified disease-risk areas
(World Health Organization [WHO], 2005). In addition, empirical research
studied the use and management of GIS technology in mapping and determining
the geospatial clustering of HIV/AIDS in Nigeria (Djukpen, 2012), in mapping
malaria transmission in west and central Africa (Gemperli et al., 2006), in
determining the distribution and magnitude of sleeping sickness in Uganda
(Berrang-Ford, Berke, Abdelrahman, Waltner-Toews, & McDermott, 2006), in
measuring and evaluating sexual and reproductive health services in rural
Mozambique (Yao, Murray, & Agadjanian, 2013), in mapping the distribution of
malaria-risk areas in Africa (World Health Organization [WHO], 1998, 2002), and
in GIS-based decision support for helping police with rapid response and
criminal tracking (Abd El-Aziz, Mesbah, & Mahar, 2012). Research is still needed
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for assessing GIS impacts on health sector organizations (Aangeenbrug, 1991;
Crossland et al., 1995; Danziger & Andersen, 2002; Mennecke, 2000; Mennecke
& Crossland, 1996; Sipe & Dale, 2003), especially in developing countries.
Researchers and GIS users need to reflect more critically on the purposes, values,
and meanings embedded in the technology, and on their translation in GIS design
(Nedović-Budić, 1998). Landauer (as cited in Nedović-Budić, 1998) points out
that the aim of computer technology is to turn users into computerized ways of
solving problems. Thus, users of computer technology need to be informed about
the necessity to critically view the usefulness and the impact of the computerized
technology used in public and private organizations. Landauer (as cited in
Nedović-Budić, 1998, p.690) further points out that “the design failure is itself
the result of a peculiar difficulty and resistance to evaluation of the real
effectiveness of computer systems, a lack of feedback that cripples the normal
processes of technical improvement”.
Nedović-Budić (1998 and 1999) used empirical findings for evaluation to
conduct a literature review of the impacts of GIS technology. He found that even
a variety of evaluation criteria still resulted in disorganized, unsatisfying, and
inconclusive evidence, and to mixed research findings. The research findings
show a divergence between the theoretical and practical expectations of the
benefits of the information technology. This indicates that the expectations and
potential of GIS technology may not match the experiences of GIS users. Budić as
well as Budic and Godschalk, and Tulloch et al., (as cited in Nedović-Budić, 1998,
1999) investigated GIS implementation and integrated an assessment of tangible
and intangible benefits to directly measure GIS success. However, Nedović-Budić
(1998 and 1999) highlight the empirical evidence is still scarce and
unsystematic. In addition, Nedović-Budić (1999, p.285) highlight “The effects of
GIS use and how those effects should be measured are issues that remain largely
unexplored”.
The empirical findings that Nedović-Budić (1998) reviewed showed
positive, negative, and mixed GIS impacts, and it is not yet known at which stage
organizations realize real GIS impacts. According to Nedović-Budić, societal
impacts of GIS technology are beneficial to the society at large if it is developed
successfully in organizations, because the aim of every organization is to serve
the public effectively and efficiently. Yet, Nedović-Budić’s study showed that GIS
technology has both positive and negative impacts, and as such, showed
conflicting and mixed empirical findings of GIS impacts: New technology does
not only offer benefits to the community, but can also create disadvantages, such
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as intensified societal troubles (e.g., unemployment). Mennecke (2000) stated
that GIS technology is a tool that has beneficial organizational impacts on
information exchange, decision-making, and planning, which creates change in
organizational patterns of information flow and exchange, in the distribution of
power, and in organizational communication and structures. For example, when
interdepartmental collaborations are created, organizational sections will share
data and GIS resources, and a change in organizational communication can be
expected (Demers & Fisher, 1991).
A study by Joyce (2009) found that even though GIS technology is a vital
tool for decision-making, and most effective in decision-making when applied in
a multidisciplinary context to facilitate data sharing, knowledge, and cross
expertise in public health organizations, it is in no way a solution for practice. GIS
output can be misinterpreted or used erroneously. This partly explains
resistance to its use, and indicates a lack of expertise and awareness about GIS
technology impacts in the health sector. Based on this, it is advisable to
empirically investigate organizational GIS impacts at the national level, and to
study GIS technology use in an organizational and societal context with the aim
to improve GIS technology adoption, to avoid duplication of resources, and to
ease data accessibility, communication, and sharing.
A GIS can provide an interactive, flexible, and user-friendly interface that
analyzes and immediately responds to many information requests. Due to its
flexibility, GIS technology is becoming increasingly common and applied in the
design and evaluation of health activities in developing countries in Africa
(Tanser, 2006a; Tanser & Le Sueur, 2002). This has been attributed to the decline
in hardware and software prices, to the growth of mobile handset devices (e.g.,
GPS, phones), and to increased availability of remotely sensed datasets and
digital databases, which have encouraged the widespread use of GIS technology
(Tanser, 2006a; Tanser & Le Sueur, 2002). In addition, the increase use of GIS
technology has also been attributed to the need to address the infectious-disease
burden in developing countries in Africa. However, there is still scarce empirical
evidence and the current unsystematic measures for GIS technology impacts
need to be explored (Nedović-Budić, 1998). Therefore, we conducted our study
to seek answers to these research questions:
•
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What are the benefits of using GIS technology in health sector
organizations?

•

What are the disadvantages associated with GIS technology use in health
sector organizations?

Due to the rapid growth of GIS technology use in health sector
organizations, questions like these are vital concerns for information-system
researchers, GIS professionals, and academics who want to contribute to a better
understanding and adoption of this technology. Answering these questions
enables researchers to inform health sector organizations that have not yet
adopted GIS technology about expected impacts associated with its use and
adoption. Thus, a better understanding of the nature and impacts of GIS
technology is vital for devising effective implementation strategies and for
advancing GIS development to better meet the needs of health sector
organizations. In addition, answers to these research questions is expected to
give feedback for GIS development, to present opportunities, and to generate
knowledge (research), transfer knowledge (education), and disseminate
knowledge (society) for learning.
Several studies have examined how GIS technology use impacts user
satisfaction (Akingbade, Navarra, & Georgiadou, 2009; Calkins & Obermeyer,
1991), how it impacts organizations (Alan & Traci, 1998; Antenucci, Brown,
Croswell, Kevany, & Archer, 1991; Budić, 1994; Clapp, McLaughlin, Sullivan, &
Vonderohe, 1989; Crossland et al., 1995; Higgs & Gould, 2001; Mennecke, 2000;
Murphy, 1995; Nedovic-Budic, 1998, 1999; Nedovic-Budic & Pinto, 2000;
Nedović-Budić & Pinto, 1999; Robey & Sahay, 1996), and how it impacts society
(Campagna & Deplano, 2004).
However, no studies have examined how GIS technology use impacts the
health sector in Uganda. Thus, exploring GIS technology impacts also necessities
identifying which areas future research should be focused on in Ugandan health
sector organizations. Our study contributes in three areas to research on impacts
of GIS technology use in the health sector. First, we present the identified
theoretical frameworks for assessing impacts in the information-technology
arena. Second, we present our findings. Third, we suggest areas of interest for
future research in order for the impacts of GIS technology use to be fully
beneficial to all geospatial health-data users.
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6.2. Assessing the Impacts of GIS Technology Use
6.2.1. Frameworks for Assessing the Impacts of GIS Technology
Assessing impacts of a system is an indirect measure of the success of
implementing information systems such as GISs (Budić, 1994). To assess the
impacts of GIS technology use on organizations, we borrowed assessment
studies and evaluation frameworks from other disciplines (e.g., computer
sciences and management-information systems) to guide GIS research (NedovicBudic, 1998, 1999). However, Clapp et al.’s, Antenucci et al.’s, and Calkins &
Obermeyer’s (as cited in Nedovic-Budic, 1999) impact-assessing frameworks
were developed purposely for GIS evaluation. Clapp et al. (as cited in NedovicBudic, 1999) adapted Jordan and Sutherland’s (as cited in Nedovic-Budic, 1999)
land-information-systems framework that was originally used in the assessment
of public expenditures to develop an assessment framework with the following
four impact classes: operational efficiency, operational effectiveness, program
effectiveness, and contribution to societal well-being (see Table 6.1).
The first impact class of the assessment framework, operational
efficiency, measures a system’s capability to acquire and store data in an
accessible way, and comprises quantifiable measures, such as costs (Akingbade
et al., 2009). This operational efficiency has been described by economists as
technical or productive efficiency, meaning “the use of productive resources in
the most technologically efficient manner or maximum possible output from a
given set of inputs” (Worthington & Dollery, 2000; p.470). According to the
authors, efficiency in terms of costs means that “an organization should produce
a specified level of outputs in the cheapest possible manner” (p. 470). The second
class, operational effectiveness, measures “how well information needs are
satisfied, and what adverse effects are created” (Clapp et al., 1989, p. 42).
Operational effectiveness can be allocative efficiency, which is “the distribution
of productive resources among alternative uses so as to produce the optimal mix
of output, meaning allocative efficiency is concerned with choosing between the
different technically efficient combinations of outputs” (Worthington & Dollery,
2000; p.470). The third class, program effectiveness, considers “how information
is employed in improving the decision process” (Akingbade et al., 2009; p.92)
and timely problem recognition (Clapp et al., 1989). The fourth class,
contribution to the well-being of society, measures impact benefits for citizens
regarding individual integrity, social justice, and the distribution of wealth and
the fulfilment of human aspirations (Akingbade et al., 2009; Clapp et al., 1989).
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Table 6.1: Impact classes and thematic benefits.
Impact class
Thematic benefits
Operational efficiency

Operational
effectiveness

Data-acquisition capability
Data-storage capability
Data accessibility
Data-collection time

Adequacy of services relative to
need
Quality
Adequate coverage in terms of
level of data and scale
Specificity
Availability of information
Response time
Equity of service provided, and
sharing of costs
Program effectiveness
Quicker and clear decisionmaking
Timely problem recognition
and clarification (conflict
resolution)
Facilitation of GIS activities
across organizations
Contribution to wellEqual availability and
being of society
accessibility of information
Enhancement of knowledge
participation by public in
decision process
Enhancement of principles of a
democratic society
Contribution to a positive
future
Note: Based on Clapp et al. (1989).

Can be considered by
Nedovic-Budic (1999) as
System
quality/organizational
impacts
Information quality/
organizational impacts

Individual impacts/
organizational impacts

Societal impacts

Antenucci et al. (1991) also developed a framework for measuring GIS
impacts. Their framework identifies the following five impact benefits of GIS
technology use: “. . . quantifiable efficiencies in current practices, or impact
benefits that reflect improvements to existing practices, quantifiable expanded
capabilities, or impact benefits that offer added capabilities, quantifiable
unpredictable events, or impact benefits that result from unpredictable events,
intangible impact benefits or impact benefits that produce intangible
advantages, and quantifiable sale of information or impact benefits that result
from the sale of information services” (p. 66).
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Antenucci et al.’s (1991) framework also classifies impact benefits as
direct or indirect. Direct benefits concern the organization or unit sponsoring the
GIS technology such as agency using GIS technology. For example, faster and
clear decision-making, availability of information, and effectiveness in
productivity improvements in drafting that reduce workload and labor costs of
the organization. Indirect benefits concern other agencies and individuals who
are not the sponsors of a GIS such as higher level agency. Examples of indirect
benefits are the extent of user participation in GIS technology, improved health
services to clients, improved and easy accessibility, communication and sharing
of information, and knowledge and collaboration towards more timely and
accurate maps among organizations and for the general public (Antenucci et al.,
1991). Thus, impact benefits can be direct or indirect, predictable or sporadic,
and quantifiable or not quantifiable.
Calkins and Obermeyer’s (1991) framework provides a classification of
use and value of geographic information. Their framework contains 24 assessing
questions grouped into the following six classes: characteristics of successful
uses of geographic information, effectiveness of use of geographic information,
benefits of the use of geographic information, measurements of benefits of
information use, characteristics of geographic data and geospatial analysis, and
organizational factors associated with successful geospatial information use.
According to Nedovic-Budic (1999), Calkins and Obermeyer’s framework is
planned to motivate additional “development of evaluative methods, is
groundbreaking in the GIS literature, and it provides practical initial list of issues,
concerns and questions to be explored” (p.286).
DeLone and McLean (1992) provided a framework of six classes for
measuring the success of information systems, namely system quality,
information quality, use, user satisfaction, individual impact, and organizational
impact. These classes are interdependent on each other, and researchers can
combine measures from each class to formulate a comprehensive instruments
for measuring the success of an information system. The authors noted that
“once this expanded view of information system success is recognized, it is not
surprising to find that there are so many different measures of information
system success in the literature, depending upon which aspect of information
systems the researcher has focused his or her attention. Some of these measures
have been merely identified, but never used empirically. Others have been used,
but have employed different measurement instruments, making comparisons
among studies difficult” (p.62). However, DeLone and McLean proposed
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different aspects of information-system success or effectiveness with different
measurements. Their study contributed a taxonomy that presents researchers
with a more integrated view of concepts and the dependent variable for
measuring GIS success in the information systems arena. DeLone and McLean
(1992) highlight: “ […] to present a more integrated view of the concept of
information systems success, a comprehensive taxonomy is introduced. This
taxonomy posits six major dimensions or categories of information system
success–system quality, information quality, use, user satisfaction, individual
impact, and organizational impact” (p. 60).
Likewise, Akingbade et al. (2009) provided a framework on the use and
impacts of GIS technology that classifies GIS contributions and benefit impacts in
terms of efficiency, effectiveness, and societal well-being. As shown in Table 6.2,
Akingbade et al.’s framework provides 20 impact categories based on studies
done by Clapp et al. (1989), and Danziger and Andersen (2002). Akingbade et al.
(2009) adapted the IT impact frameworks that Clapp et al. (1989) and Danziger
and Andersen (2002) used to assess the use of IT in public administration and
the public sector.
Akingbade et al. (2009) analyzed GIS impacts as reported in 53 published
articles. They examined 38 articles in detail and reported positive, mixed, and
negative contributions of GIS technology use to efficiency, effectiveness, and
societal well-being. Their review combines previous research efforts on GIS
impacts in public and non-governmental organizations. They suggested the use
and testing of existing GIS evaluation frameworks, which can serve as a
foundation for further research in assessing impacts of GIS technology.

6.2.2. Loopholes of Identified Frameworks for Assessing the Impacts of
GIS Technology
The rich research literature in information systems and managementinformation systems (MISs) have continuously given direction to the ways of
measuring GIS technology impacts in different sectors. According to NedovicBudic (1999), the literature in these areas associates impacts to system success,
and observes impacts as dependent variables of IT and MIS implementation
factors. In addition, Delone and McLean’s (1992) comprehensive review and
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Table 6.2: Impacts of GIS technology use.
Impact
Definition
classification
Contribution to
The extent of flexibility of GIS
efficiency
technology in retrieving/
obtaining and storing data in it
such that it can easily be
accessed by a user (Clapp et al.,
1989) . Or the degree to which IT
[GIS technology] operates to
improve productivity, staff
reduction, improve managerial
control and time-saving
measures or the degree to which
GIS technology operates with
minimum waste, duplication and
expenditure of resources
(Danziger & Andersen, 2002).
Contribution to
The extent to which GIS
effectiveness
technology has contributed to
the satisfaction of information
needs, in adequate quantity and
quality of data and in the
decision-making process.
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Impact category (benefits)
Availability and accessibility to products
and services
Cost (monetary and non-monetary costs
associated with utilizing a service or
buying a product)
Coverage and completeness
Data-acquisition capability
Data-storage capability
Time saving

Adequacy of service relative to need
Improved planning, coordination, and
cooperation
Improved products and services
Job satisfaction
Potentials for conflict resolution
Support for quicker, more explicit
articulation of decisions (improved
decision support)
User satisfaction

Can be considered by
Nedovic-Budic (1999) as
System quality

Individual impacts/
organizational impacts/user
satisfaction

Impact
classification
Contribution to
societal wellbeing

Definition
The degree to which GIS
technology helps in the
realization of collective goals of a
society, or impact of GIS
technology use on broad societal
objectives such as “individual
integrity, distribution of wealth
and fulfilment of human
aspirations” (Clapp et al.,1989, p.
42).

Impact category (benefits)

Citizen-public sector interactions
(participation)
Economic benefits (wealth)
Enhancement of principles of a
democratic society (e.g., participation by
public in decision process, and freedom
from constraints such as corruption)
Improved standard of health and safety
Protection of legal rights, such as privacy
(surveillance, security and confidentiality)
Individual integrity and social justice:
equity/fair treatment and a just share of
benefits (e.g., equal availability of
information to society when needed, and
equal ease of access)
Contribution to a positive future,
fulfilment
Note: Based on Clapp et al. (1989) and on Danziger and Andersen (2002).

Can be considered by
Nedovic-Budic (1999) as
Societal impacts
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topology of various measures of information systems success identified six
categories of success, and provided an extensive list of measures used in previous
studies. For instance, Delone and McLean’s (1992) information-system framework
for measuring the success in information system research has been recommended
by Azad (1993) and by Pinto and Onsrud (1997) for assessing GIS impacts. Delone
and McLean (1992) provided the following six categories of measuring impacts of
information-system success: system quality, information quality, information use,
user satisfaction, individual impacts, and organizational impacts. Nedovic-Budic
added societal impacts to this list (see Figure 6.1). User satisfaction and Individual
impacts determine effectiveness/influence on receipt (information use).
Organizational and societal impacts determine effectiveness/influence on the
system.

Figure 6.1: Relationship between the categories of information-system impacts
Note: Adapted from Delone and McLean (1992), and Nedovic-Budic (1999).

According to Nedovic-Budic (1999), Clapp et al.’s multipurpose landinformation systems framework facilitates more discussions and further
developments of evaluative methods for researchers in land-information systems,
but can be used as a building block for more studies on assessing GIS impacts. Also,
According to Akingbade et al. (2009), Clapp et al.’s framework “did not consider
capabilities and functions for collaboration, interaction, integration and
cooperation for exchange of data and services” (p. 92), which are very vital in the
GIS community to avoid duplication and wastage of scarce resources. For instance,
GIS services for the industrial sector or land-information systems can be
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accomplished through collaborative nodes and data sharing at all levels; efforts
involving many GIS stakeholders, across multiple organizations, and connecting
complex systems (Akingbade et al., 2009; Camarinha-Matos, Afsarmanesh,
Galeano, & Molina, 2009; Joyce, 2009; Tsou & Buttenfield, 2002; Warnest, 2005).
For instance, to develop a map of motor-vehicle injuries and fatalities in a
community, a local public health department could develop data partnerships with
the department of transportation (for information about traffic flow and
accidents), local ambulance services (for information about injuries requiring
transportation by ambulance to hospital emergency rooms), and the medical
examiner’s office (for information about fatalities). Similarly, to determine the
accessibility of a nearby health facility in case of an accident response, health
organizations that are using GIS technology have to collaborate with the transport
sector and satellite-mapping organizations to identify the geographic area of the
accident and the optimal route to use for the rescue and evacuation of accident
victims (Costa, Nassi, Pinheiro, & Almeida, 2003). Thus, in order to achieve GISbased collaborative efforts, it is recommended that health sectors organizations
address the interorganizational GIS environment, mechanisms, and behavioral
factors that can facilitate or hinder GIS adoption and implementation activities
across multiple health organizations (Nedovic-Budic & Pinto, 2000).
On the other hand, Nedovic-Budic’s (1999) adapted framework from
DeLone and McLean (1992) does not indicate that the measuring categories are
interrelated and interdependent to each other to create a successful information
system framework. Yet, according to DeLone and McLean (1992), these categories
“reflect the interdependent, process nature of information system success. Thus,
these categories or components are interrelated and interdependent, forming an
information system success model. By showing that there is an interaction and
studying interaction along these components of the model, as well as the
components themselves, a clearer picture emerges as to what constitutes
information system success” (p.88). For instance, DeLone and McLean (1992)
highlights that “system quality and information quality singularly and jointly affect
both information use and user satisfaction. Additionally, the amount of
information use can affect the degree of user satisfaction - positively or negatively
– as well as the reverse being true. Information use and user satisfaction are direct
antecedents of individual impact; and, lastly, this impact on individual
performance should eventually have some organizational impact” (p.83-87).
In addition, Akingbade et al.’s (2009) framework does not take into
consideration information quality, information use, and organizational impacts.
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Yet, theoretically and according to (Wijnhoven & Wassenaar, 1990), impacts occur
when a system’s design features (data storage capability) interact with specific
organizational features (facilitation of GIS activities across organizations), thus
resulting in efficiency of GIS information use.
Similarly, DeLone and McLean’s (1992) information-systems framework
does not pay attention to societal issues, which are very vital in planning and
informed decision-making. Thus, Nedovic-Budic (1999) added societal impacts to
the categories. In any information system, system quality and information quality
can be the core of influence, which can be expressed through the use of information
as user satisfaction, impacts of individual decision-making and collaboration on
information beneficiary, and organizational and societal impacts. Even though
some of DeLone and McLean’s measures of information-system success have been
used for assessing GIS impacts, widespread attempts at evaluating GIS technology
use are limited in the planning context (Nedovic-Budic, 1999), especially in the
health sector perspective. Thus, our study is inevitable, because research in this
area is limited, and inconsistent definitions of constructs frustrate the building of
an accumulative research tradition for assessing impacts of GIS technology use in
the health sector.

6.2.3. Assessment Criteria for the Impacts of GIS Technology Use
The frameworks mentioned in the previous section recognize that the use of
information systems impacts organizations in multiple ways. Efficiency,
effectiveness, decision-making, and societal impacts are identified in several of the
frameworks. Even though the frameworks were not specifically designed for
assessing GIS technology use in the health sector, the importance of geospatial
information and technological impacts within organizational settings were taken
into considerations. Nedovic-Budic (1998, 1999) adapted DeLone and McLean’s
(1992) framework, and identified the following seven categories for assessing GIS
impacts: system quality, information quality, information use, user satisfaction,
individual impacts, organizational impacts, and societal impacts (see Table 6.3). In
the following sections, we discuss the impacts (benefits and disadvantages) of GIS
technology use, based on DeLone and McLean’s (1992) and on Nedovic-Budic’s
(1998, 1999) measuring categories of GIS impacts.
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Table 6.3: Assessment criteria for the impacts of GIS technology use.
Impact categories GIS impact assessment criteria (benefits/disadvantages)
System quality
Database content, ease of use, system integration, ease of learning,
convenience of access, system reliability, response time, human
factors, system functionality, system flexibility, system efficiency.
Information
Relevance, usefulness, understandability, clarity, format, accuracy,
quality
appearance, sufficiency, completeness, reliability, currency,
timeliness, personalization, security.
Information use
Application areas, nature of use (type of information used, use for
intended purpose, appropriate use, purpose of use), levels of use
(general vs specific), direct vs indirect use, voluntariness,
motivation of use, amount and duration of use (number of
inquiries, number of records accessed, frequency of access,
frequency of report requests, number of reports generated,
charges for system or information use, regularity of use),
information used by whom?
User satisfaction
Overall satisfaction, information satisfaction (difference between
information needed and received), enjoyment, software
satisfaction, decision-making satisfaction, quality of work.
Individual impacts Information understanding, learning, software/information
awareness, accurate interpretation, timely problem
recognition/identification (conflicts resolution), decision
effectiveness (quicker and clear decision-making, decision quality,
decision time, correctness of decision, confidence in decision,
decision-making participation), change in decision, improved
individual productivity, quality of plans, willingness to pay for
information, facilitation of GIS activities across organizations,
power of influence.
Organizational
Operating-cost reductions, staff reduction, overall productivity
impacts
gains, increased revenues, increased sales, return on investment,
increased work volume, product quality, contribution to achieving
goals, service effectiveness.
Societal impacts
Equity (equal availability and accessibility of information,
participation by public in decision-making process, enhancement
of principles of a democratic society, contribution to a positive
future), citizen-public sector interaction.
Note: Criteria adapted from DeLone and McLean (1992) and Nedovic-Budic (1998, 1999).

6.2.4. Benefits of GIS Technology Use in the Health Sector
This section examines impact benefits of GIS technology use in terms of
contribution to organizational decision-making, effectiveness, and efficiency, and
to societal well-being. Defining benefits of new technologies before
implementation and adoption by the top management of organizations is a vital
issue (Tulloch & Epstein, 2002), because top management influences the
implementation and adoption of new ideas, such as technologies to be used for
organizational activities. Normally, before and after system implementation or
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adoption, the system benefit is concentrated on efficiency and effectiveness
(Antenucci et al., 1991; Tulloch & Epstein, 2002). Efficiency and effectiveness
benefits can be categorized under system quality or organizational impact benefits
of Nedovic-Budic’s (1998, 1999) frameworks.
Effectiveness as an organizational benefit of GIS technology use is described
by Tulloch and Epstein (2002) as an “improvement in the performance of an
organization’s fundamental duties or responsibilities or activities because of the
organization’s use of GIS” technology (p.197). The same authors highlight that
“effectiveness results when the GIS technology makes it possible to generate and
use information that was not easily obtainable from traditionally available data”
(p.202). On the other hand, Epstein, Tulloch and Niemann (1997) highlight that
“effectiveness is experienced when more or better information is generated from
traditionally available data because of digitally stored data and the software for
sophisticated analysis of the data” (p. 4). In addition, the United States Geological
Survey (USGS), based on the General Accounting Office’s (GAO) definition of
information-system effectiveness, indicates that “a system’s effectiveness is
measured by determining whether the system performs the intended function and
whether users get the information they need in the right form, in a timely fashion
[manner]” (United States Geological Survey [USGS], 1991, p.1). Nedovic-Budic
(1999) describes efficiency as a ratio of outputs to inputs, which can be expressed
in terms of cost savings, cost avoidance or productivity gains; and effectiveness as
dealing with generating a product of better quality or accomplishing the intended
organizational purposes. According to Akingbade et al. (2009), contribution to
societal well-being means how GIS technology has transformed society and its way
of dealing with human problems. It is important to look at the benefits of GIS
technology use, because both public and private organizations can face pressure
to maximize their scarce resources by accomplishing more work (Gillespie, 2000).
Many studies on GIS technology use have been carried out to define GIS benefits
for organizations and the society they serve in Africa.
System Quality
System quality can be defined by its underlying impact assessment criteria (see
Table 6.3), which can be regarded as operational efficiency dimensions in Clapp et
al. (1989). Performance characteristics and functionality of the system are the
focus of assessing system quality (DeLone & McLean, 1992;Nedovic-Budic,
1998,1999). The assessment is based on hardware, software, database
management, and data-manipulation functionality.
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Health sector organizations can experience efficiency benefits when datamanagement activities are performed at a reduced cost, more products are
generated with the same resources, and tasks are accomplished more quickly
(Tulloch & Epstein, 2002). For example, GIS technology has been used for
integrating child-mortality data and associated risk factors, to determine
geographic variations of child-mortality trends in mainland Tanzania to help
health officials understand inequity in health (Tottrup, Tersbol, Lindeboom, &
Meyrowitsch, 2009). Using GIS technology enables health sector decision-makers
to benefit from the system by mapping, managing, modeling, querying,
understanding, and analyzing bulky data linked with a single database (Mullner et
al., 2004). For instance, GIS technology has been used for understanding and
managing diseases in Africa, to generate, model, and understand physicalhealthcare accessibility and utilization (Tanser et al., 2006), malarial occurrence
(Craig, Snow, & Le Sueur, 1999), seasonality and the potential impact on climate
change (Hay, Snow, & Rogers, 1998a, 1998b; Tanser, Sharp, & Le Sueur, 2003), and
transmission intensity (Snow et al., 1998) using climatic and remotely sensed data.
Tanser and Le Sueur (2002) highlight that the output of such models has been
combined with population data to estimate population exposure, mortality, and
morbidity (Snow et al., 1999; Snow, Craig, Deichmann, & Le Sueur, 1999) and to
analyze (Hay et al., 2002) and project (Tanser et al., 2003) the effects of climate
change on malaria.
On the side of information management, a GIS can be transformed into a
centralized and efficient system, resulting in enhanced productivity and
innovative directions in the operations of health sector organizations. This would
change the way health sector organizations think about data, promote to produce
and use geospatial data, and approach health problems. In addition, under system
quality, operational benefits can be experienced in accuracy of positional and
attribute data, availability of current data, data-collection time including sources
other than a GIS database, and accessibility of maps and tabular data contained in
the GIS (Budić, 1994).
Information Quality
Information quality concerns characteristics of an information system’s output
(DeLone & McLean, 1992;Nedovic-Budic, 1998,1999). According to Nedovic-Budic
(1999), his information quality dimensions can be regarded as operational
effectiveness of specific impact categories of Clapp et al. (1989). For instance, in an
example given by Nedovic-Budic (1999) of a survey perception of GIS benefits,
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data accuracy was identified as the most improved aspect of information quality
(Budić, 1994).
Information Use
Information use can be used to assess the impacts of information systems, based
on dimensions identified in Table 6.3 (DeLone & McLean, 1992; Nedovic-Budic,
1999). Information use impacts are assumed to support organizational functions,
tasks, and projects.
User Satisfaction
User satisfaction concerns the reaction of users or receivers of the output
generated by an information system, plus user attitudes about a particular
computer system and computing in general (DeLone & McLean, 1992; NedovicBudic, 1999). User satisfaction can be used as an important measure of system
success and effectiveness (Nedovic-Budic, 1999; Raymond, 1987). This impact can
provide insight into how users of the information react to the output generated by
an information system.
According to Nedovic-Budic (1999), Torkzadeh and Doll (1991) state that if
user satisfaction is not handled well, it can affect information-system goal
achievement, employees’ quality of work life, and system use. Torkzadeh and Doll
(1991) (as cited in Nedovic-Budic, 1999) provide two types of user satisfaction
assessment, namely general satisfaction assessment and assessment of
satisfaction with specific applications. To Nedovic-Budic (1999), the applicationspecific assessment is regarded as vital for revealing the utility of an information
system in decision-making, because of its focus on the content, accuracy, format,
ease of use, and timeliness of a particular information product.
Furthermore, user satisfaction can be measured by perceived usefulness
and perceived ease of use, both of which are linked with system use. Nedovic-Budic
(1999) relates usefulness to performance, which is the ability to work more
quickly, productively, and effectively (employees’ overall job performance), as
well as easing employees’ jobs. He highlights that ease of use corresponds to effort,
which is assessed in terms of control, clarity and understandability, flexibility, and
ease of learning system skills. Raymond (1987) (as cited in Nedovic-Budic, 1999)
highlights that measures of user satisfaction provide the most useful assessment
of system success.
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Individual Impacts
Individual impacts concern the categories as identified in Table 6.3 (Clapp et al.,
1989; Nedovic-Budic, 1999). Nedovic-Budic (1999) and DeLone and McLean
(1992) highlight that individual impacts are based on the assumption that a
system and information only have value if these are used and influence decisions,
improve individual performance, facilitate better understanding of the decision
context, and increase decision-makers’ productivity and confidence. When
decisions were improved, the content and amount of supporting information were
changed and value was added (Calkins & Obermeyer, 1991; Nedovic-Budic, 1999).
Thus, organizations can benefit from GIS technology use through productivity,
enhanced decisions, quick recognition of problems through information use and
improved decision-making processes by adding value to information (Budić,
1994).
A GIS as an information system may influence the behavior of health sector
organizations or individuals relying on it for information, expertise, and decisions
(Nedovic-Budic, 1999). According to Nedovic-Budic, a GIS can affect the course of
action taken by decision-makers, and eventually change their perceptions about
its value.
There are significant benefits of GIS technology use in decision-making that
health sector organizations can experience when using GIS technology for health
activities, such as decision-making effectiveness (Budić, 1994). Budic (1994)
highlights that decision-making effectiveness is defined by indicators, such as time
needed to make decisions, explicitness of decisions, identification and clarification
of conflicts, communication and interpretation of information, and confidence in
analyses generated with the GIS. An effective use of GIS technology in decisionmaking depends on the extent to which the GIS supports the program functions of
health sector organizations.
GIS technology use in organizations can also result in varying display
characteristics, data representations, user satisfaction, and various spatial
analyses to be applied for decision-making. GIS can therefore provide a manager
or decision-maker with a powerful way to organize, retrieve, store, display,
communicate, and disseminate data, and to make faster and more accurate
decisions based on geospatial characteristics (Kaminska et et al., 2004). It
improves the traditional analogue presentation of graphics tools and databasemanagement systems. For example, experiments conducted by Crossland et al.
(1995) to investigate the effects of a GIS as a geospatial decision-support system
on decision-makers’ performance found that a decision-maker or manager can
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make faster and more accurate decisions when using GIS maps (Alan & Traci,
1998; Crossland et al., 1995; Mennecke, 2000). In another example, Alan and
Traci’s (1998) review discovered that Smelcer and Carmel (1997) compared
tables to GIS maps and found that decision-makers made faster decisions using GIS
maps.
GIS information (e.g., population figures linked with geographic locations)
can either be presented as a map (with data displayed by coloring different areas)
or as a table (with numbers). Map-based presentation can deliver a summarizing
function of information (Mennecke & Crossland, 1996; Murphy, 1995) which
enables quick problem identification and decision-making.
Furthermore, like other information systems, the use of a GIS for
organizational decision-making in the health sector can let groups of people within
an organization benefit by working collaboratively, internally or externally
(Mennecke, 2000), to solve health problems. Health organizations can also
experience GIS benefits by integrating it in existing collaborative information
systems that allow users who are geographically dispersed access, manipulate,
share, and disseminate maps, data, and other information. This offers a great
atmosphere for decision-making and collaboration. On this note, a GIS can be
regarded as a geospatial data system for making group decisions and for
supporting collaborative communication.
Organizational Impacts
Budić (1994), Worrall (1994), Nedovic-Budic’s (1998, 1999), and Gillespie (2000)
identified categories of organizational impacts of GIS technology use. According to
Tulloch and Epstein (2002), Worrall (1994), Budić (1994) and Nedovic-Budic
(1998, 1999), these categories of benefits can be tangible and intangible (see Table
6.4).
Budić (1994) highlights that tangible benefits are often acknowledged with
increased efficiency, which can be measured by a cost-benefit analysis. A costbenefit analysis can determine the potentials of a proposed GIS with respect to
financial benefits (Akingbade et al., 2009). According to Akingbade et al. (2009), a
cost-benefit analysis can also be used for assessing tangible benefits, such as easily
assessable efficiency benefits over competitive solutions and traditional work
procedures not utilizing a GIS. Furthermore, the impact categories described in
Table 6.3 can provide a foundation for assessing intangible and not easily
assessable impacts.
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Nedovic-Budic (1998) provides an example of a cost-benefit analysis
carried out for UK authorities by Worrall’s (1994), which found that GIS
technology use can lead to productivity gains and cost avoidance, but not
immediately. Similarly, investments in geospatial data technologies in the US were
found to result in long-term benefits and greater efficiencies, with a significant
reduction in the cost of data collection (Gillespie, 1992; Nedovic-Budic, 1998). GIS
technology has been identified as a valuable planning tool that guides in the
development and administration of programs based on geographically identified
needs (Mullner et al., 2004). Mullner et al. (2004) highlight that GIS technology can
provide health decision-makers with greater understandings of interrelationships
among demographic, socioeconomic, environmental, health, and disease
characteristics of populations located in various geographic areas.
GIS technology use has several health-application benefits, ranging from
simple to highly complex. GIS technology has been used to perform simple tasks,
such as mapping specified features to show results of very complex tasks or
analyses (Mullner et al., 2004), such as site-suitability analysis, and monitoring
and modeling pesticide pollution of water environments (Kaminska et al., 2004)
where several data files were manipulated in complicated ways to select optimal
locations based on defined criteria to suit the organization’s needs. For example,
GIS technology has been used to map malaria vectors (Coetzee, Craig, & Le Sueur,
2000). Health sector organizations have also used GIS technology in the
management and control of malaria (Booman et al., 2000), to measure the effects
of access to malaria treatment (Schellenberg et al., 1998), and to evaluate the
effects of intervention strategies (Thomson et al., 1999). Therefore, the maps
produced by a GIS have the ability to transform data into information that can be
easily and quickly communicated.
Several studies have shown the effectiveness of GIS technology use for
health sector activities. McLafferty and Grady (2005) studied the geospatial
distribution of women’s health services provided by urban, community-based free
clinics. GIS data revealed substantial gaps in healthcare access among various
ethnic groups. Once the GIS data was shared, community clinics reallocated their
resources to reach more of the surrounding population (McLafferty & Grady,
2005). Health decision-makers can access GIS data and information to better make
evidenced-based decisions for program planning. In addition, benefits of GIS
technology use include improved regulatory functions, disease surveillance,
prevention, response, and control, more accurate referencing of healthinfrastructure data, and better services (Omumbo, Noor, Fall, & Snow, 2013), user
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satisfaction of information needs and importance in the decision-making process
(Budić, 1994; Clapp et al., 1989), and using geospatial data in the detection of
disease causation (Mayer, 1983).
Budic (1994) and Mayer (1983) highlights that efficiency and effectiveness
guide the assessment of how information systems such as GISs can influence
organizational performance. Organizational performance depends on structure,
technology, relationship with environment, adaptability to change, ability to
manage conflict, culture, and power structure, and the way in which individual
employees are treated (Nedovic-Budic, 1998). A GIS as an “efficient system can
either minimize the use of financial, staff, space, and time resources needed to
produce the same level of output, or increase productivity using the same level of
input. Thus, efficiency can be expressed as cost savings, cost avoidance, or
productivity gains or generation of revenue” (Nedovic-Budic, 1999, p. 288). For
instance, Eason, (as cited in Budić, 1994) highlights … “benefits an office derives
from information technology: (a) cost reduction (staff savings and other direct cost
savings such as space); (b) improved productivity (more words processed, more
messages transmitted); (c) improved support (improved information, decision
support, expert assistance, computer aided support); (d) organizational
enhancement (new forms of integration)” (p.245). Similarly, health sector
organizations’ GIS technology use benefits include the elimination of redundancy
and multiple map sets, productivity in providing public information, efficiency in
updating maps, map data that are secure, easier to search, and better organized,
map revisions that are easier and faster, performance and display of different
types of professional analysis and presentation, policy formulation and employees
that are more productive, tracking and monitoring developments, and map data
that are integrated throughout the organization (Budić, 1994).
Equally, GIS technology use in health sector organizations can impact
power, politics, and organizational design (Mennecke, 2000). This changes the
organizational structure and patterns of information collection, sharing,
communication, and data availability and accessibility, which have the possibility
to significantly change both the political structures and power within
organizations (Higgs & Gould, 2001; Mennecke, 2000). GIS technology use can
therefore change power distribution, information flow, and informationdistribution patterns of organizations, both internally and externally.
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Table 6.4: Tangible and intangible organizational benefits of GIS technology use.
Benefit category
Tangible benefits
Intangible benefits
Cost reduction
Staff savings, staff time
savings, direct cost savings
(e.g., space, operating costs).
Organizational
New forms of integration,
enhancement
easier interoffice
coordination, new
businesses, cost avoidance,
productivity gains,
generation of
revenue/increased revenue,
returns on investment in
GIS technology.
Improved
More words processed, more messages
productivity
transmitted, improved decisionmaking, better information provision,
more consistent access to data,
improved customer service, increased
citizen participation, decreased
uncertainty, improved organizational
image.
Improved support
Improved analytical procedures,
improved data and information
security, decision support, expert
assistance, improved modeling and
planning, computer-aided support,
generation of new products,
introduction of data standards, more
rigorous data management, enhanced
visualization of graphic data, increased
capabilities to integrate data and
generate new understandings, keeping
pace with technology, improved public
image and cooperation, increased
professionalism, promoting learning
and development, improved ability to
cope with unexpected events, and
enhanced employee pride, job
satisfaction, morale and motivation.
Note: Adapted from Worrall (1994), Budić (1994), and Nedovic-Budic (1998, 1999).

GIS researchers should know that assessing GIS effectiveness is a difficult
task. This particularly holds true for assessing how GIS technology use affects
decision-making, as beneficial effectiveness impacts are multidimensional
constructs that occur at the operational, management, or strategic level
(Akingbade et al., 2009; Leyland, Watson, & Kavan, 1995; Miller & Doyle, 1987;
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Nedovic-Budic, 1999; Worrall, 1994). As Nedovic-Budic (1999) highlights, it is
challenging to capture decision-making and decision-support effects (e.g., the
generation of new products and infrastructure, quality of enhancements,
organizational change, and contribution to the strategic repositioning of an
organization), because these are not easily quantified (Nedovic-Budic, 1999).
Another issue to note is that the definition of GIS efficiency by Stone (2003), as
presented in Table 6.2, is not similar to Nedovic-Budic’s (1999) definition. The
definitions and impact categories in Table 6.3 guided us in assessing GIS impacts
for health sector organizations in Uganda.
Societal Impacts
In the societal context, new technologies such as GIS technology can potentially
come with both positive and negative impacts that affect society in which the
technology is normally used (Mennecke, 2000). Clapp et al. (1989) and NedovicBudic (1998, 1999) recommended assessing societal impacts, because the purpose
of any new technology is to serve and benefit society. According to the authors,
societal impacts concern contributions to societal well-being. They recommended
assessing societal impacts through the categories identified in Table 6.3.
Important to note is that much empirical research has been conducted on the
impacts of GIS technology use on society. For example, as GIS technology use
increases for health sector activities, there is an expected increase of societal
impacts to be achieved from more efficient and effective decision-making and
planning through mobile-phone networks, because society will directly participate
in planning and decision-making of health services.
Equity as a societal benefit can be experienced from a perceived or real
increase in effective participation by citizens and health sector organizations in
decision-making about health problems and resources (Gillespie, 2000; Tulloch &
Epstein, 2002). It is vital to review the contribution of GIS technology to societal
well-being, because technology is described as a set of tools, machines, and
materials that have transformed (or hold the potential for transforming) society
in positive directions (Akingbade et al., 2009). Clapp et al. (1989) highlighted that
any public program should be assessed in relation to potential benefits for society.
For example, GIS technology has been used to define and equitably allocate
healthcare resources to improve a population’s life quality (Ferri, Pourabbas,
Rafanelli, & Sindoni, 1997). In addition, societal benefit can be experienced when
health sector organizations use GIS maps to plan programs that can better address
society needs. Since GIS maps can be more user-friendly compared to traditional
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forms of data presentation, these help society and health decision-makers
understand community data, and facilitate a better understanding of community
health problems (Graham et al., 2011). As another example, in 1854, GIS
technology was used by Snow to map and discover the source of a cholera
outbreak in London. Snow produced outbreak maps and linked the information to
individuals’ geospatial location in order to determine the source of the epidemic
(Graham et al., 2011; Scotch, Parmanto, Gadd, & Sharma, 2006). Thus, the modern
application of Snow’s GIS method is an existing tool applied to highlight societal
benefits and to display geospatial patterns of disease outbreaks in a way that was
not previously possible (Graham et al., 2011). It is important to note that the
community can gain many benefits through GIS technology use and the many
empirical studies that have been conducted on societal impacts. We considered
contribution to societal well-being with respect to actual impacts of GIS technology
on society through the impacts as identified in Table 6.3 (Akingbade et al., 2009).

6.2.5. Disadvantages of GIS Technology Use in the Health Sector
Despite numerous benefits associated with GIS technology use for health sector
activities, the adoption of the technology also comes with disadvantages for the
interested users (Mennecke, 2000; Nedovic-Budic, 1998). GIS technology use in
the health sector poses some negative impacts that need critical attention.
According to Walsham and Sahay (1999), unlike in western societies where
children grow up with the knowledge of maps and geospatial data as a common
feature of daily life, in developing countries, it is difficult to get people to think
geospatially. Several studies have identified broader negative impacts of GIS
technology use (e.g., system quality, information quality, user satisfaction,
organizational impacts, societal impacts), contrary to the belief that new
technologies only bring benefits to users and society at large. Under these broader
negative impacts, thematic impacts exist that are experienced when using GIS
technology for health activities. A study by Sipe and Dale (2003) on malaria
highlights that much of the literature concerning GIS technology use downplays
negative impacts related with its use, and preaches about GIS potentiality,
capabilities, and/or benefits. As highlighted by Sipe and Dale, research studies are
not a representative of typical field situations, but tend to moderate problems
associated with GIS technology use and adoption (Edralin, 1991; Sipe & Dale,
2003).
To Nedovic-Budic (1999) and Mennecke (2000), adoption of new
technologies increases present societal problems to some extent. These negative
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impacts on society include expensiveness of GIS equipment (Mullner et al., 2004),
geospatial data unavailability, requirement of quality accurate data and standards,
requirement of building capacity in GIS personnel (in specialized skills and
training) and infrastructure (use of appropriate geospatial units; Matthews,
Moudon, & Daniel, 2009; Mullner et al., 2004; Nedovic-Budic, 1998) concerning
system quality, and reduction of existing organization staff creating
unemployment, and risk of violating client security, privacy, and confidentiality
(Matthews et al., 2009; Mullner et al., 2004) under societal impact. These negative
societal impacts associated with GIS technology use may affect the introduction,
adoption, and implementation of GIS technology in the Ugandan health sector.
Concerning system quality, the negative impacts include expensiveness of
maintaining and running GIS technology, of purchasing GIS hardware and software
(e.g., ArcGIS, GPS, computers), and of collecting geospatial datasets (Mullner et al.,
2004; Sipe & Dale, 2003; Yeh, 1991). However, nowadays, software and hardware
have become cheap and the software works well on a desktop computer (Sipe &
Dale, 2003; Tanser & Le Sueur, 2002). Mullner et al. (2004) highlighted that all the
necessary equipment and datasets will need digitizing from analogue to digital
format, routine checking for currency, completeness, reliability, validity, and
quality, which requires resources.
In addition, GIS technology use needs health sector organizations to allocate
short-term and long-term financial resources to train and continually educate
their staff members (Mullner et al., 2004; Sipe & Dale, 2003; Tanser & Le Sueur,
2002) about new upgrade versions of GIS technology in the market in order to
cope with the rapid growth of the technology. According to Mullner et al. (2004),
Sipe and Dale (2003), and Tanser and Le Sueur (2002), the staff need to be trained
in specific uses of GIS technology for health activities and learn the fundamental
concepts of geography and cartography. However, that is beyond the capability of
most health sector budgets (Sipe & Dale, 2003).
Similarly, control of software which originate from United State of America
(US) and European countries or a lack of software constraints GIS technology use
in developing countries, especially when they need technical support and buying
copies of software licenses (Sipe & Dale, 2003; Tanser & Le Sueur, 2002).
Concerning organizational impact, GIS technology use requires the
availability of various digital datasets or shape files, leadership, and the
organizational structure to capture data, and to maintain and keep the system
functioning (Sipe & Dale, 2003; Tanser & Le Sueur, 2002; Yeh, 1991). Availability
of digital datasets is a vital aspect for GIS technology use. However, it is a big
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problem in African health sector organizations where client data are not recorded,
and patients are told to keep their hospital cards that contain their personal
history (Oppong, 2000). For example, without adequate reporting; accurate data
on diseases; environmental data on vegetation, land uses, topography, and rainfall;
and demographic timely data on people’s movements, GIS technology is not useful
(Sipe & Dale, 2003) for guiding health decision-makers determine and understand
trends on malaria, the number of populations at risk per geospatial location, and
geospatial distribution. In another example, Sipe and Dale (2003) highlighted scale
as a problem where details are omitted and misunderstood by people: “The
geospatial scale of data is not appropriate for many types of analysis (land cover
may be appropriate for district analysis but not for village analysis as small
features such as ponds and localized wetlands are not shown)” (p. 4).
In developing countries, in Africa in particular, most organizations have
analogue data that need to be converted into digital format. This continues to be a
problem in GIS technology use (Sipe & Dale, 2003). Thus, this requires a
sustainable strategy in developing an integrated collaborative spatial-data
infrastructure. It also requires training staff to value geospatial data as an
important resource, reforming the structure of government organizations,
assessing and developing implementation tools, and supporting new research and
training programs (Fox, 1991).
Similarly, another negative impact of GIS technology use is the
inappropriate symbolization of geographic areas or features representing
different types of building structures or specific geospatial units (Mullner et al.,
2004). Specific geospatial features can be represented in many ways (e.g., by zip
codes, census tracts, census blocks groups, school buildings, administrative
district blocks, townships, health facilities). Mullner et al. (2004) provided an
example where the representation of zip codes may not correspond well to the
demographic or socioeconomic characteristics of populations within their
borders, because in some towns, large office buildings have their own zip codes.
According to the authors, another negative impact related to GIS technology use
were changes of zip code areas over time, because new postal facilities were built
and delivery routes changed.
Concerning user-satisfaction impact, one of the problems that can be caused
by GIS technology use is a lack of technological assurances for its intended
purpose, liberation and empowerment (Nedovic-Budic, 1999). Landauer (1995)
(as cited in Nedović-Budić, 1998, p.686) notes that technologies “have by and large
failed to fulfil the expectations that have accompanied their continuous
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introductions since the 1970s”. According to Nedović-Budić, 1998, “instead of
enhancing the democratic process, visualization, and imaging capability of the new
technology can be used to promote particular views of the world [political gain],
to reinforce power in controlling the access and use of information and other
resources, to create new cultures and communities, and in invading [client]
privacy” (p.688). A survey conducted by Bikson and Gutek (as cited in NedovićBudić, 1998, p.686) discovered that half of 2000 surveyed US companies did not
realize experience of their intended benefits.
Concerning societal negative impacts, GIS technology use may increase the
risk of violating clients’ privacy and confidentiality (Matthews et al., 2009; Mullner
et al., 2004). This can be caused by identifying client locations using maps,
combined with the sharing of tabular data files, which increases the availability of
precise, accurate geospatial data about individuals, and the ease of integrating
client data in other databases (VanWey, Rindfuss, Gutmann, Entwisle, & Balk,
2005). Yet, in order to handle confidentiality and privacy issues which have never
been better, expertise is needed (Matthews et al., 2009; VanWey et al., 2005).
Mullner et al. (2004) provide an example in which a map showing the geospatial
location of HIV/AIDS cases may be inappropriately used to identify individuals
with the disease, which can cause stigma to the victims.
In another example, GIS technology was used for neighborhood
surveillance. Sensitive community health data and information were accessed,
which caused legal and ethical concerns that posed threats to community privacy
(Leitner, Elwood, Sheppard, Mcmaster, & McMaster, 2000). This shows that using
GIS technology can undermine the privacy of citizens in the community under
study, as was highlighted by Rushton, Elmes, and McMaster (2000): “The desire to
see health data in its geographic context is in conflict with protecting the
confidentiality of individuals” (p. 38).
Thus, to prevent abuse of community or client privacy, it is important to
implement a Health Insurance Portability and Accountability Act with strict rules
and regulations (e.g., the 1996 US government act for protecting the confidentiality
of health-related data; Mullner et al., 2004). To Mullner et al. (2004), the rules and
regulations should extend to the transmission, maintenance, and security of
electronic information, which can affect potential GIS applications. In addition,
there is a need for methods to protect clients’ privacy and confidentiality while still
providing access and sharing of data (e.g., masking data, using geographic
identifiers, and informing researchers about acceptable practices for
disseminating mapped data; Armstrong, 2002; Mullner et al., 2004). Important to

198

note is that increased GIS technology use and data accessibility of client data can
contribute to errors, misinterpretation, abuse, and misrepresentation of
geospatial and demographic data, which can cause legal liability for data users
(Mennecke, 2000; Maguire, Goodchild & Rhind, 1991).
Concerning individual impact, negative impacts of GIS technology use are
irrelevance, underutilization, and misinterpretation of results, caused by a lack of
training or misuse of information for decision-making (Mullner et al., 2004;
Nedovic-Budic, 1998; Sipe & Dale, 2003). According to Mullner et al. (2004), this
has been attributed to the easy use of a GIS and its products (maps) as the source
of information.
It is important to note that maps can also mislead or even lie, because of
symbol use for representing and simplifying the reality of features on the earth’s
surface with the aid of scale. The problem arises when scales are changed or
datasets are merged, because the accuracy of a map or dataset depends on its scale
(Sipe & Dale, 2003). For example, Sipe and Dale (2003) noted that it can be
misleading to establish a relationship between vegetation type and malaria by
linking satellite-level data on vegetation with village-level data on malaria
incidence.
Similarly, Mullner et al. (2004) pointed out difficulties that may occur when
maps show lines of equal or constant value (e.g., topographic-contour maps or
weather maps). The authors noted that such maps may cause the GIS to make
assumptions about the geospatial distribution and to interpolate results. Thus, the
maps may appear to be much more accurate than they really are. Mullner et al.
highlighted that “it is vital to remember that successful GIS mapping and the
correct interpretation of GIS maps depends directly upon the knowledge and skills
of the analysts who use these systems” (p. 218). Another individual impact is that
GIS technology use “tends to increase conflicts rather than decrease, given that the
source of conflict lies in the difference in values and selective use of supporting
information” (Nedovic-Budic, 1998, p. 687).
All in all, GIS technology use is constrained by technical, social, economic,
and political issues, such as censorship, autonomy, rigid bureaucracies, shortage
of appropriate training, cost, and lack of public participation in resource decisions
(Fox, 1991). It is important to note that the availability of geospatially referenced
health data does not mean that data are suitable or even usable for GIS analysis or
free of errors (Oppong, 2000; Sipe & Dale, 2003). Since GIS technology use in
organizations has rapidly and broadly grown to a level of maturity with regard to
its use in different sector applications for different purposes, our study
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investigates the impacts (both benefits and disadvantages) of GIS technology use
in health sector organizations. To assess the impacts of GIS technology use in
health sector organizations in Uganda, we used a taxonomy composed of seven
impact categories that was developed by DeLone and McLean (1992) and adapted
by Nedovic-Budic (1999).

6.3. Method
The overall design of the research was described in section 1.5. In this study, we
focused on those parts of the interviews that addressed the impacts of the use of
GIS technology. We asked participants about the benefits and disadvantages they
associated with GIS technology use for health sector activities. We asked GIS nonusers about possible benefits of GIS technology use if they had the opportunity to
implement it. The participants were encouraged to mention as many benefits and
disadvantages as they could, to enable us to categorize their answers according to
Nedovic-Budic’s (1998, 1999) identified impact framework. In the analysis phase,
the identified literature on impacts of GIS technology (Nedovic-Budic, 1998, 1999)
guided our categorization of benefits and disadvantages. Nedovic-Budic’s
(1998,1999) framework was the most useful framework for our study, because it
takes societal impacts into account, and technology is mostly adopted to serve the
needs and services of citizens.

6.4. Results
6.4.1. Benefits of GIS Technology Use in Health Sector Organizations
In our study, we considered any idea thought to be positive through the use of GIS
technology as a positive impact (GIS benefit). The exploration of the benefits of GIS
technology use gave an array of perceived benefits. We categorized the benefits
according to GIS benefits assessment criteria adapted from DeLone and McLean
(1992) and Nedovic-Budic (1999). Impacts of GIS technology use as perceived by
both GIS users and GIS non-users were categorized into the following seven
themes: system quality, information quality, information use, individual impacts,
user satisfaction, organizational impacts (effectiveness of project targeting and
implementation, program-cost effectiveness), and societal impacts.
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As expected, the perception of GIS impacts varies between GIS users and GIS
non-users. While for GIS users, the three most important impacts were system
quality (with the thematic sub-categories data-integration capability, databasecontent capability, easy visualization, and data-storage capability), organizational
impacts (with the thematic sub-categories identification of gaps and challenges in
service delivery, governance effectiveness, transparency and accountability, and
project-implementation efficiency), and information use (with the thematic subcategories decision making, research work and reference, planning, coordination
and end of evaluation and policy decision and advocacy purposes). For GIS nonusers, the three most important impacts of GIS technology use were information
quality (accuracy and evidence-based information, and easily understandable and
readable format), individual impact (efficient decision-making), and
organizational impact (program/activity coordination and networking, and
project-implementation efficiency). Important to note, generalization of results
has been done to combine both GIS-user and GIS-non-users responses due to
limited wordings required (see Appendix 6: Table 6.5). We will present the
perceived benefits of GIS technology use below.
Benefits Concerning System Quality
In terms of system quality, usefulness of the system’s features and functions in
data-integration capability were identified as benefits. GIS technology was
perceived to be versatile (multipurpose) in handling various datasets (e.g.,
geographic, statistical) and to have the capability and power to combine geospatial
information with non-spatial information from different sources in a single map,
to make proper decisions. As one participant mentioned:
GIS technology is a multipurpose, flexible tool which can be used in
reproductive health, in health-service delivery, in environmental health and
water, sanitation and hygiene promotion, in road accidents, fire risk, pollution
assessment, metrology in rain predictions because they are now shifting from
relying on measured rainfall to predicting by really using radar to know
where is the cloud going and at what time will it reach. So the GIS applications
are vast, it’s just thinking right and applying GIS in any activity.
– Participant belonging to an education and research institute
GIS technology also handles bulky datasets and its versatility is also
observed in the ability to analyze, report, and store data. Thus, the capability of a
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GIS technology to handle bulky datasets makes it a good platform that has
functionalities to accommodate big chunks of geospatial data, to enable it to be a
one-stop center for data storage, access, sharing, communication, and exchange.
Both GIS users and GIS non-users identified database-content capability as
a benefit concerning system quality. A GIS technology provides a datamanagement database for storing, reporting, accessing, capturing, manipulating,
analyzing, reproducing, updating, exchanging, communicating, and sharing
available data and information that can be easily backed up in any form. For
instance, the database can serve as a common platform for multidiseasesurveillance activities, and provide the internal process of access, exchange, and
sharing of information. One participant from MOH said: “The reporting system of
the organization will improve, thus making reports relevant and to some extent
accurate, because there are specific diseases that MOH also looks at with keen
interest, so it’s easier to avail that information to others”.
In addition, a Web-based GIS technology as a platform also enables the easy
presentation, access, updating, communication, sharing, and exchange of
information, which eliminates the traditional method of information flow. A Webbased GIS enables the information to be instantly available across the globe. As one
participant noted: “The availability of Internet makes it easier to share and
communicate the information and data with other people”. The system can be
operated to give geospatial data or information to interested persons and helps to
generate reports quickly. With a Web-based, multimedia GIS, quick analytical
information can be obtained, accessed, shared, communicated, and exchanged.
Thus, GIS technology use improves data-collection measures, reporting results,
and analysis, and provides the most flexible and effective way to convey or retrieve
a message or information.
Participants identified easy visualization as another benefit of GIS
technology use. A GIS technology enables quick visualization of information on a
map and quick decision-making. These maps provide information about problems
quickly, efficiently, and effectively. In addition, maps enable easy interpretation of
the problems, which gives a specific analysis of the problem without using
statistical methods. For instance, one participant said:

GIS-displayed maps tell us about the problems very quickly and visualize the
problems which give specific analysis of the problem without using statistical
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methods. We can see where the problem is and what it is likely to be associated
with. So, GIS technology is a good tool for forecasting diseases.
– Participant belonging to a project-based organization.
Other benefits identified under system quality include the integration of
systems, monitoring and data validation, data currency, and ease of use.
Information Quality
In terms of information quality and the provision of evidence-based information,
participants perceived GIS technology to improve data up-to-dateness, because
the information is shared by several organizations. In addition, GIS technology was
perceived to provide real-time and somewhat more accurate reports, accurate
information, and evidence needed to make decisions at all levels. Thus, in order for
GIS technology to be able to facilitate decisions, information packaging, exchange,
and communication were considered preconditions.
In addition, GIS technology was recognized to provide easy
understandability and readability of its maps. Compared to written literature,
tables, and charts, the system gives a more summarized, clear, pictorial display of
information on the exact situation on the ground. For example, one participant
mentioned that “when result analysis has been done to come up with maps, it helps
to come up with very easy understandable reports where the visualization of the
map really makes someone appreciate the results”.
Information Use
Information use was another important positive impact of GIS technology use. GIS
maps are easily appreciated, because these are visually easier to understand than
narratives, tables, charts, and graphs. These maps were considered an easy and
direct way of sharing information with even non-technical audiences through
Web-based GIS-application interfaces. In this case, the information can reach a
wide audience in different regions to guide strategic health planning, risk analysis,
and health education and communication.
In addition, policy decisions and advocacy purposes were perceived
benefits of GIS technology use. Using the information from GIS products eases
advocacy of GIS technology use and the process of policy decision-making. One
participant mentioned that
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[…] the information can be used for advocacy of services in areas which are
underserved, which helps to determine the targeted programming, such as
catchment areas to get quantities of blood, or to have a visual comparison of
disaster situation before and after in the different places.
– Participant belonging to a semi-autonomous government organization
Participants also indicated that GIS information use helps health
professionals to better plan for equitable distribution of limited resources, and to
set activity/intervention priorities with evidence-based information. In addition,
GIS information can guide the forecasting and early detection of disease outbreaks.
This enables quick planning for response to epidemics and emergencies in order
to improve disease prevention, disaster mitigation, disaster-risk reduction, and
public health responses at all levels. As one participant noted:
GIS drives the message home to the people just by looking at the maps to know
where the HIV/AIDS burden is spreading and indicating we need to be focused
here. The map just shows you exactly what is happening on the ground to be
easily understood. Say, we are doing badly in this region and we need to
dedicate certain activities and time to improve it.
– Participant belonging to a project-based organization.
Individual Impacts
Participants identified decision effectiveness, seen as improved decision analysis,
as a positive individual impact. GIS technology use was noted to contribute to
improved decision-making with better evidenced-based information, which
results in correct and effective decisions. A GIS helps decision-makers in the health
sector improve the decision-making process, because one can easily visualize the
problem, analyze it faster, and make quicker decisions. One participant mentioned:
The use of GIS technology would change organizational decision-making,
since we would rely on evidence-based and real-time information to make
informed decisions. That is, decision-making will improve based on a wellinformed point of view with available data, because data are very critical and
influence planning and decision-making.
– Participant belonging to a not-for-profit non-government organization
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User Satisfaction
User-satisfaction impacts mainly related to user-friendliness of the system and the
ability to save time, manage large datasets, and have results that are a true
reflection of what is happening on the ground. As a result, GIS technology use
facilitates interlinkage of information from different sources and a visual
presentation of that information in a map for easy viewing. This facilitates the
study of relationships between various variables (e.g., linking disease outbreaks to
other socioeconomic and environmental factors). As one participant mentioned:
We have used GIS technology for medical activities for mapping disease
outbreaks (e.g. cholera, Ebola, Marburg) and for locating the source of the
disease which made our work simple. GIS technology use helped us to know
the extent of cholera, Ebola or Marburg outbreak and to locate the source of
the disease. We mapped the locations of the diseases and made our work easy
in treating patients for the disease which can lead someone to be dehydrated
and death. As for Ebola and Marburg, we mapped the extent to manage
patient care to avoid the spread of the disease as these diseases are fatal and
we worked in collaboration with MOH staff to stop the epidemic.
– Participant belonging to a not-for-profit non-government organization
Organizational Impacts
Participants linked organizational impacts with the ability of GIS technology to
support effective and quick decision-making, policy influence, and organizational
performance. For example, in case of an emergency, a GIS was perceived as able to
provide the required information to guide organizational decision-making that
enables a quick response. GIS technology thereby provides input for response
decisions and activities. Similarly, GIS technology facilitates determining the
boundaries of affected areas and populations at risk. As a result, organizations can
plan for response to epidemics and emergencies in order to improve disease
prevention and control, and public health responses at all levels.
Other organizational benefits that were identified by participants were
effective governance, accountability, and transparency, because GIS technology
enables health sector organizations to show the impacts of their interventions and
account for resources towards communities, the government, stakeholders, and
donors. This improves and promotes effective reporting of information and
tracking of service providers in different parts of the country. A participant
remarks:
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GIS technology provides transparency and accountability of resources and
services to the communities. GIS use is a form of providing accountability
where we have provided a service, it has to be seen and it’s a modern way of
presenting problems, actions taken which makes us move away from the
traditional way of solving issues.
–Participant belonging to a not-for-profit non-government organization
In terms of project implementation, both GIS users and GIS non-users perceived
GIS technology to support in evidence-based programming, implementation,
monitoring, and equitable planning and distribution of various interventions. In
particular, GIS technology was perceived to be important for surveilling diseases,
assessing disease impacts and outbreaks, locating and ascertaining performance
of facilities, targeting interventions, and assessing the performance of various
interventions. Using GIS technology enables organizations to assess what is
working and what is not, who does what where (3Ws), the area coverage, and the
spread of interventions.
GIS technology use was also considered to be cost-effective. Once installed,
a GIS reduces operational costs for data collection (e.g., costs of operating,
producing, and collecting geospatial attribute data, costs of maintaining geospatial
data, transport costs). As a result, organizations save unnecessary expenses. One
participant said:
A GIS provides ease tracking, monitoring, and evaluation of programs and
service delivery, and in the long run, we save on the costs of operation. Though
it looks expensive to set up in the beginning, but I would imagine that in the
long run, a GIS would help us save money and time of doing things instead of
the manual follow-up of clients.
–Participant belonging to a not-for-profit non-government organization
Similarly, data collection that would normally involve many people, is
limited to a few people when GIS technology is used. Thus, the costs of conducting
surveys and other data-collection exercises are reduced. This also creates staff
reductions. For instance, one participant mentioned that:
[…]. at the organizational level, when you compare the costs of obtaining the
two different types of output, that is with and without GIS, it becomes an
advantage for organizations to minimize the costs by reducing the number of
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staff handling geographic work, because less time will be spent supervising
the lower-level staff.
–Participant belonging to a not-for-profit non-government organization
Another aspect of cost-effectiveness concerns targeting operations based
on identified gaps and challenges. This guides effective service delivery on ground,
and thereby avoids a duplication of resources. One participant mentioned: “GIS
helps to identify gaps in service delivery. For example, areas without health
facilities or some required services, limited skilled labor, areas for which
development of health facilities is necessary”. This enables the deployment of
resources where gaps have been identified in the resource-allocation process. This
also allows for an equitable allocation of (financial and human) resources and
services/interventions to the needy areas and rightful beneficiaries. This is linked
with societal impacts of GIS technology use, as are gap identification of areas
overserved, underserved or not served at all, and direction to the nearest facilities
and services for communities.
In addition, GIS technology use for health activities eases the sharing,
collaboration, and exchange of information, and creates partnerships between
organizations using it. For example, one participant mentioned:
A GIS is also a good tool for reproducing and sharing available information
and it’s a good communication tool with partners to know what you have
done, what you are planning to do, and to know where your partners have
their intervention areas to avoid duplication or redundancy of data and
information, and to adequately utilize limited resources.
–Participant belonging to a UN international agency organization
As a result, health sector organizations would experience increased
availability of data and information needed for planning.
Similarly, GIS technology makes the exchange and internal and external
sharing of information easy compared to traditional methods, such as office visits.
This creates collaboration within an organization to share data and resources
equitably, and brings new ideas through sharing and collaboration to reduce
wastage of limited resources. In the long run, a reduction in data duplication leads
to a reduction in costs. Thus, GIS technology use reduces the costs of data
maintenance, and eliminates duplication of limited resources, services, and efforts
involved in data collection across organizations.

207

Societal Impacts
In terms of societal benefits, both GIS users and GIS non-users observed that GIS
technology guides equitable service delivery and equal resource allocation to the
communities, which will benefit the society. Participants believed that GIS
technology use creates interaction between the community and top health
management by sharing information. Similarly, participants envisioned GIS
technology to provide more efficient and effective participatory decision-making
and planning by society. According to a participant, “society can fully participate
in decision-making to identify ease and accessible location of facilities to the
rightful beneficiaries which gives opportunity for better programming”.

6.4.2. Disadvantages of GIS Use in Health Sector Organizations
Despite the positive impacts (benefits) obtained from GIS technology use, there
are also negative impacts (disadvantages) associated with its use (see Appendix 7:
Table 6.6). Participants preferred to call them challenges as opposed to
disadvantages. We borrowed the categorization of themes from DeLone and
McLean’s (1992) and Nedovic-Budic’s (1999) assessment criteria for GIS impacts.
As highlighted in the literature, researchers can benefit by borrowing ideas and
transferring theoretical foundations used by other disciplines (Nedovic-Budic,
1999; Webster & Watson, 2002). Their assessment criteria can be categorized as
the seven impact assessment criteria described in Table 6.4. Assessing negative
impacts of GIS technology use is necessary in order to give feedback to developers
and users of the technology.
In this study, we identified four broad negative impacts of GIS technology
use, and seven sub-categories: system quality (technical, GIS equipment),
organizational impact (institutional), user satisfaction (attitude) and societal
impact (legal, social, economic). The system-quality sub-categories technical and
GIS equipment are associated with challenges of coordinating system
requirements. The organizational impact sub-category institutional is associated
with issues of expensiveness concerning GIS implementation. The usersatisfaction sub-category attitude is associated with GIS professionals becoming
obsessed with a GIS environment, and the societal sub-categories legal, social, and
economic are associated with issues of patient-data privacy and confidentiality,
and the creation of unemployment. Thus, it is important to know that there are
also negative impacts associated with the adoption of GIS technology use for health
activities.
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The most frequently mentioned challenge by some participants was the
need for expertise. GIS technology use requires staff with specialized skills.
According to the participants, not only skills are needed, but also time in GIS
technology use, which is lacking in most organizations. As mentioned by one
participant:
A GIS requires a lot of time, knowledge, and technical skills for someone to be
able to operate it. A GIS requires good skills and knowledge for one to use it. If
you aren’t careful when picking/capturing coordinates, you are likely to lead
others to make wrong decisions, like our recent mapping of coordinate
facilities for Kampala, when coordinates were displayed on the computer
screen, some coordinates were placed outside Kampala which can mislead
people especially the MDR-TB cases/clients accessing treatment. So, a GIS
needs accuracy, for example when collecting the GPS coordinates.
-Participant belonging to a not-for-profit non-government organization
In addition, another participant said:
A GIS requires some good trained, and experienced personnel to fully utilize
its potential. For example, when we got shape files of different years from
UBOS, it was not easy for us to merge these shape files together, because of
limited knowledge we have. So without adequate GIS training, a person
cannot utilize a GIS. Also, when we were collecting our community data, we
could not capture the health facility point coordinates, because we did not
have the means and capability to buy the GPS devices.
-Participant belonging to a not-for-profit non-government organization
Secondly, participants of our study noted that GIS technology use is
resource-intensive (i.e., requiring heavy financial, human, and time investment in
order to get the right results). The cost of GIS software and associated hardware is
high, not affordable, and not manageable by a number of health sector
organizations. Even for those organizations that have made the initial start, the
cost of renewing the license seems to be a hindrance for continued use, especially
if there is no donor support for GIS technology use. Another participant said: “A
GIS is expensive and buying and renewing its accessories like software and
training is very expensive to health sector organizations in Uganda, because of
limited budgets. Even the open source has to be customized to suit your interest”.
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In addition, inaccuracy of data was mentioned by some participants of our
study as a challenge to GIS technology use. Another participant mentioned “when
we were mapping bilharzia and the soil-transmitted ailments, the field assistant
wrongly captured the coordinates and they were asked to redo the work. So when
the coordinates were displayed, they were displaced outside Uganda in Congo”.
Given the low level of expertise, especially in the field, the possibility of inaccurate
data is very high. Similarly, a GIS relies on other existing data and shape files that
are not always up-to-date and complete. This limits the use of information and
affects the use of GIS technology in health sector organizations.
However, it is interesting to note that some organizations feel that GIS
technology use leads to a reduction of staff, which creates unemployment. As one
participant indicated:
In the use of traditional methods of map making and data collection, from
field-data collection to producing the final outputs, there are many people
employed to do that work, unlike with a GIS, a computerized tool allowing just
a few people to handle the GIS work.
-Participant belonging to a not-for-profit non-government organization
Another participant said:
A GIS can create staff reduction, hence unemployment, for the existing staff.
For example, if we have been employing 10 drivers to go for fieldwork in a
certain district and they move to different places in that district and all
consume fuel, but now when we have the GPS, the driver can even capture the
coordinates, we don’t need another person to be with the driver to move
around the district picking coordinates for the health facilities.
-Participant belonging to a not-for-profit non-government organization
GIS technology use requires the availability and stability of the Internet and
power supply, which in some cases are a challenge in Uganda. This slows down
data transmission and sharing across networks. For example, organizations
located in remote areas may not be able to easily access GIS information due to
poor internet connectivity and power supply. One participant said:
Web-based GIS heavily relies on Internet, so someone without Internet cannot
access information or when there is a power breakdown, people can’t
exchange, access, or share information. If you are using a Web-based GIS
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which uses Internet, sometimes Internet is not there and a person gets stuck
with the work they are doing. If you don’t have Internet, you cannot access the
data.
-Participant belonging to a government/public organization
Other noted challenges included an additional burden to monitoring and
evaluation, a lack of data standards, and privacy and confidentiality of data. A
participant explained:
People don’t follow principles of privacy and confidentiality of individual data
in some cases. For example, one time, someone was trying to map risks in
urban slum areas, map risks of disease, risks of flooding, and then he
integrated them, but he was using a small area that means he had to identify
the questionnaire he used and households interviewed and then convert the
data into the GIS environment. He used participatory GIS where someone had
to answer the questionnaire but also identifying his/her location, say now if
my house is identified having TB, high risk of flooding, and my name written
on it. Thus, there is no privacy or confidentiality of the households interviewed.
That is, there is no anonymity or privacy completely.
-Participant belonging to an education and research institute
GIS technology use generally comes with many challenges that continuously
require organizations to invest both financial and human resources on how to use
GIS technology. This implies that organizations must appreciate the continuous
need for capacity building in order to keep up with technological advancements
and to make sure that GIS activities are resourced.

6.5. Conclusion and Discussion
The aim of our study was exploring the impacts of GIS technology use in health
sector organizations. These impacts comprised both positive (benefits) and
negative (disadvantages) impacts. This study shows that using GIS technology for
health activities leads to the impacts as identified in the frameworks of Akingbade
et al. (2009), Budić (1994), Clapp et al. (1989), Danziger and Andersen (2002),
Dangermond, Santoro, Darling, and Crossland (1995), Delone and McLean (1992),
Mennecke (2000), Mennecke and Crossland (1996), and Nedovic-Budic (1998,
1999). These frameworks were not specifically intended to assess GIS impacts in
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the health sector context. However, as mentioned in the disadvantages section of
this chapter, theoretical foundations and ideas can be borrowed and transferred
from other disciplines. Our findings indicate that Akingbade et al’s (2009), Budić’s
(1994), DeLone and McLean’s (1992), Mennecke’s (2000), and Nedovic-budic’s
(1998) and (1999), frameworks can be used for guidance in identifying benefits
and disadvantages of GIS technology use. GIS users and GIS non-users associated
different benefits and disadvantages that health sector organizations can expect
when using GIS technology (see Appendix 6: Table 6.5 and Appendix 7: Table 6.6,
respectively).
The results showed that GIS users identified the following most important
benefits of GIS technology use: database management and spatial imaging (easy
visualization) concerning system impact; easy understandability and readability
concerning information quality; identification of gaps and challenges in service
delivery, effective governance, transparency and accountability, and design,
planning and decision-making concerning organizational impact; and equity
concerning societal impact.
Some of the GIS non-users indicated to be unaware of potential GIS benefits,
because they knew little about GIS technology use. The remaining GIS non-users
identified the following most important possible benefits of GIS technology use:
facilitating accurate and evidence-based information to guide in making quick
decisions, real-time responses, effective governance, transparency and
accountability, understandability and readability, ease of monitoring and
evaluation, and better data management (see Appendix 6: Table 6.5). Using GIS
technology would facilitate mapping actual areas of intervention and partners’
activities, thereby identifying gaps that need priority. Participants also mentioned
evidence-based decision-making and planning as a potential benefit for
organizations that are not using GIS technology. The benefits articulated by GIS
non-users are generally in agreement with those mentioned by GIS users. This
validates the need for GIS application in the health sector, for planning, decisionmaking, and monitoring diseases.
The qualitative data obtained from our interviews enhances our
understanding of the benefits and disadvantages that can be associated with the
use and adoption of GIS technology for health activities. Our study makes a
theoretical contribution to the literature on benefits and disadvantages of GIS
technology use and adoption. Our study is the first to explore GIS benefits and
disadvantages among health sector organizations in Uganda. The study is also the
first to propose further research areas of GIS technology use to be investigated in
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the Ugandan health sector. It is important to note that some specific impact
categories cross-cut each other. For example, system quality’s sub-category data
currency can also fall under information quality, and the sub-category
simplification of work under user satisfaction can also fall under organizational
impact.
The results indicate that health sector organizations can benefit from GIS
technology use, because it has a database-management function that represents
the capability of GIS technology to provide a platform for information
communication, storage, manipulation, processing, and presentation of up-to-date
data, access to data, and easy sharing of information by many people and
organizations. In addition, system quality’s sub-category usefulness of the
system’s features and functions (e.g., data-integration capability) was identified as
a benefit of GIS technology use. This combines different types of datasets, and
information from different sources to become one layer/shape file compared to
other information systems (Murphy, 1995).
Concerning GIS functionality and capability, the responses varied regarding
its usefulness for performing sophisticated analyses. The geospatial imaging
(visualization) function was another perceived benefit, and refers to the
fundamental GIS capability to represent displays of data and information within a
geospatially defined coordinate system. GIS technology also allows sophisticated
analyses, the visualization of geospatial data and information, the overlay of
different datasets, and the generation of thematic maps. For example, thematic
maps can show the intensity of a disease or vector (e.g., the impact zone of vectorbreeding sites to identify the sources of diseases or sites where more control is
needed). For instance, GIS technology was used to link spatial patterns with the
transmission and dissemination of Human African Trypanosomosis, which
revealed disparities between the area where patients lived and the area that was
free of the disease (Courtin et al., 2005).
The usefulness of a system’s features and functions also enables the
integration of systems. This permits a dynamic link between databases that allows
data updates to be automatically reflected on the maps. GIS functionalities
accommodate huge geospatial datasets, which enables the creation of a one-stop
center for data storage. Thus, GIS technology use promotes database
communication, coordination, collaboration, and sharing, and interoperability
with different systems of different organizations, which improves operational
efficiency (Nedovic-Budic & Pinto, 2000). It is also important to note that the
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literature reports low direct financial costs for participating organizations when
facilities are shared (Leitner et al., 2000).
With the rapid growth of information communication technology, GIS
technology has the design and planning capability that health decision-makers can
use to create, design, and plan. The decision-modeling capability of GIS technology
can provide support for analysis and decision-making (Mennecke, 2000). For
example, analysis can identify catchment areas of health centers and locate
suitable sites for the development of new health facilities. The decision-modeling
function enables risk analysis that is needed for determining areas that are
environmentally prone to disasters, for determining areas that are prone to health
risks, or for investigating geographic patterns and clustering of diseases to
determine high-prevalence areas (Tanser, Bärnighausen, Cooke, & Newell, 2009)
and to understand the geospatial variation of a disease and its relationship to
environmental factors and health care systems (Tanser & Le Sueur, 2002) in order
to prevent the disease from spreading.
Our results confirm previous research: GIS technology can be used for
processing data on time in order to get a sampling frame, generate output, and
store, retrieve, present, disseminate, and communicate results (Nedovic-Budic,
1998, 1999). Our findings showed that the majority of our participants mentioned
the identification of gaps and challenges in health-service delivery (i.e., areas that
are overserved, underserved, or not served at all) as one of the benefits of GIS
technology use. For example, GIS technology can help organizations identify areas
in need and rightful beneficiaries, and as a result, redirect and provide services in
places according to need. Health organizations can also experience data
availability and information processing as benefits of GIS technology use. These
support facility management.
With regard to GIS applications for health sector organizations, benefits of
GIS technology use can be experienced in strategic health planning, disease
surveillance, health care research and management (Tanser, 2006a), communityhealth profiling, health education, advocacy and communication, risk analysis,
crisis management, fleet management and vehicle- and health-commodities
tracking, food security and health-nutrition livelihood, coordination and
monitoring of immunization programs, and built environment and neighborhoods
activities. For instance, GIS technology can guide Ugandan health sector
organizations in annual outcome monitoring and end-of-evaluation formats,
which help the organization’s management coordinate and monitor partners and
activities, and track progress in achieving targets.
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Furthermore, our findings concur with previous researchers that GIS
technology use for health sector activities can contribute to better decisionmaking and decisions (Budić, 1994). Budic’s (1994) study showed that decisionmaking effectiveness can mostly be achieved by communicating information and
by confidence in analysis, which are major benefits of GIS technology use.
Similarly, Nedovic-Budic (1998) highlighted that “GIS-based information and
analyses are referred to and used to support important decisions, but their effect
in changing the decisions or values on which those are founded is limited” (p. 686).
Thus, it is vital to know that the impact of GIS technology use on decision-making
is qualified as medium, even when GIS technology is used intensively and when
abuse or misuse, and irrelevance or underutilization of information is likely to
occur (Nedovic-Budic, 1998).
On the other hand, GIS technology use tends to increase conflicts rather
than decrease them, given that the source of conflict lies in the difference in values
and selective use of supporting information as technologies, especially when using
a Web-based GIS (Nedovic-Budic, 1998). For example, what if analysis performed
and allegedly enhanced with GIS technology use does not improve decisions, but
instead gives an illusion of control (Kottemann, Davis, & Remus, 1994) that leads
decision-makers to overestimate its effectiveness? A study by Feldman and March
(1981) examined the phenomenon of organizational information used as signal
and symbol rather than as a basis for decisions.
A Web-based GIS enables timely reporting, retrieval, and easy sharing of
results. Its geographic representation makes it possible to communicate and share
geospatial data with various health sector organizations (direct users) and
interested individuals (indirect users). The system maximizes space and improves
access convenience. Thus, we discovered that GIS technology is a geoprocessing
tool for reproducing, updating, communicating, and sharing available geospatial
information timely into usable format. In South Africa, a Web-based GIS was
developed to help plan for malaria-control measures, tourism, and social and
economic development (Martin et al., 2002 ). In Zambia, a GIS-based decisionsupport system was developed for studying geospatial patterns in vector-borne
diseases to reduce transmission, and to provide an opportunity for rational policy
formulation and cost-effective utilization of limited resources for enhanced
malaria vector control (Chanda et al., 2012). It is important to note that Web-based
GIS technology today has massive benefits on the sharing of geospatial data,
information, and databases. In using a Web-based GIS to access geospatial data and
services, health sector organizations would have an efficiency benefit in terms of
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data accessibility, geoprocessing, and dissemination (Peng, 1999). For instance, a
Web-based GIS was found to provide an efficient way to publish, advertise, and
distribute data using geoprocessing tools (Martin et al., 2002; Peng & Tsou, 2003).
A cost-benefit analysis assesses an organization’s financial benefits of GIS
technology use. Our study did not include such an analysis, because generally,
Ugandan profit-oriented private health organizations are not actively using GIS
technology for their activities, because a GIS data policy that protects their data to
earn savings for value addition does not exist in Uganda. A cost-benefit analysis is
important for demonstrating a GIS’s net benefit to decision-makers, politicians,
senior executives, stakeholders, and so forth. The nature of benefits and costs
varies among organizations, and depends on the assessment procedure when a GIS
is designed, installed, and operated (Antenucci et al., 1991).
Our study also reveals that implementing GIS technology use for heath
activities results in long-term benefits, greater efficiencies, reductions in datacollection costs (Gillespie, 1992; Nedovic-Budic, 1998, 1999), reductions in staff,
and increased organizational productivity (Nedovic-Budic, 1995, 1998, 1999). In
addition to increased organizational productivity and operational savings, we
identified and agree with the literature that GIS technology use for health sector
activities, to some extent, generates financial benefits as a long-term investment.
This can only be achieved if a GIS health-data policy is enacted, which would free
private sector organizations of their fear for actively implementing GIS technology
use.
Our study further identified that there is little evidence for cost recovery
efforts from GIS technology use in Ugandan health sector organizations, because
most of their activities are project based and funded by donors who are
encouraging geospatial data sharing, collaboration, and free exchange. Thus, GIS
users in Ugandan health sector organizations do not generate income from their
GIS activities.
Our findings agree with the literature - that GIS technology can guide in
equitable allocation of workload for a given activity (Tanser, 2002), that it can
identify disparities in the regional distribution of human resources for health and
priority settings (Massey, 2011; Ministry of Health [MOH], 2012, 2015), that it
provides the opportunity to strategically plan disease-control programs (Booman
et al., 2000), and that it eases the proper distribution of services.
Furthermore, our study identified societal benefits (e.g., equity in resource
allocation, increased data availability and accessibility). Our findings are
consistent with the literature in showing that, contrary to the common
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assumptions and beliefs about rapid growth of technologies, the adoption of new
technologies does not always benefit society. Instead, it may accelerate already
existing societal problems (Mennecke, 2000; Nedovic-Budic, 1998, 1999). For
example, the problems associated with limited patient-data protection and
confidentiality may be activated by GIS technology use for political and personal
gains, which invades patient privacy. GIS technology use also reduces jobs, which
creates unemployment among the existing staff. For instance, one participant said
that “the work which used to be handled by more than one person can be done by
one individual”. Likewise, traditional methods of map making (ranging from fielddata collection to producing the final map) require many people to do that work,
but a GIS-computerized tool requires few people (Antenucci et al., 1991). However,
this is beneficial to the organization in reducing its expenditure costs.
The impacts associated with GIS technology use encompass a broad range
of processes. As a result, organizations are shaped by the uses of this technology
in a range of situations. Individuals, relations, and organizations can be viewed as
interactions that constantly organize and reorganize. These structuration
processes might also be shaped by the uses of GIS technology in a variety of ways
in the health sector. The shaping can occur in several ways that are often complex,
gradual, or delayed, and often difficult to measure with precision (Maguire et al.,
1991). GIS impacts can be considered at both the collective and the individual
level. The collective level includes organizations, such as health organizations,
local governments, companies, workgroups, state agencies, international nongovernment organizations, and UN organizations. Individual impacts can occur for
those in several roles, such as managers, public employees, clients and citizens.
However, health sector organizations in Africa lack the capability and have
no comprehensive strategy for information management, because they depend on
donor assistance for national investments in information systems (Stansfield,
Walsh, Prata, & Evans, 2006). GISs have been widely used to strengthen the
management, understanding, planning and decision-making of health problems in
Africa in order to guide in day-to-day operational activities. Several empirical
studies have demonstrated that GIS technology use for organizational decisionmaking guides decision-makers in making faster and accurate decisions (Ozimec,
Natter, & Reutterer, 2010).
As the growth of technology widens worldwide, and GIS technology use
widens in Ugandan health sector organizations, awareness creation and
sensitization are important for increasing collaboration, partnership, and the
exchange and sharing of geospatial data and GIS resources to avoid duplication.
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This is important, because Web-based GIS technology will ease access and
distribution of geospatial data and information across multiple health sector
organizations. Hence, further research should focus on the relationship between
organizational communication, collaboration, and GIS adoption (Mennecke, 2000).
Similarly, as GIS technology use spreads in Ugandan health sector
organizations, research should focus on data confidentiality, and on how cultural
differences, data accessibility, user education, and political systems influence GIS
technology use, effectiveness, and spread. Furthermore, as GIS technology is
increasingly being used in the Ugandan health sector, citizens benefit through
increased data availability and easy access to data generated by health sector
organizations. This creates citizen-public organization interactions, because GIS
technology enables sharing information with various stakeholders. For example,
data collected by the Uganda Bureau of Statistics (UBOS) and the MOH through a
health-information management system is becoming the foundation for the
growth of GIS technology use in the Ugandan health sector. This means that future
research should focus on citizen-public-stakeholder interactions concerning the
accessibility of data, how public sector GIS technology use and data production
influences the private sector, and how health sector organizations manage the
implementation process.
In addition to benefits of GIS technology use, our study set out to identify
disadvantages associated with GIS technology use. Our findings show that with the
increased use of GIS technology in Uganda, free sharing of data, collaboration, and
easy data accessibility also create disadvantages concerning an organization’s staff
and society. For example, GIS technology use reduces manpower for datamanagement tasks and hence, creates unemployment. In another example, issues
connected to errors, misinterpretation, and misrepresentation of both geospatial
data and demographic data can create legal liability for data users (Antenucci et
al., 1991; Mennecke, 2000). According to Mennecke (2000) and Maguire et al.
(1991), increased accessibility to data regarding citizens, patients, and private
sector organizations can potentially create abuse and misrepresentation. Thus,
research is needed to examine the legal, confidentiality, and privacy issues
associated with GIS technology use and patient data.
In addition, GIS technology use is vital for health sector activities, because
most health problems are associated with geospatial data components. Thus, GIS
technology use makes work easier, promotes efficiency and effectiveness in health
sector decision-making, and improves the understanding of disease outbreaks,
because it enables decision-makers to locate which village or particular cell within
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their catchment area is exposed to the outbreak. Equally, GIS technology helps
health decision-makers determine disease spread in terms of geospatial, space,
and time (trend), and hence, enables decision-makers to link to other
environmental factors that would have influenced the conditions for the cause of
the disease (e.g., in case of cholera, by determining the location of water that
households are using). Thus, GIS technology helps health decision-makers confirm
the surroundings of locations within the epidemiological system, especially in
epidemic situations.
Our study further found that GIS technology enables health sector
organizations to properly and equitably allocate their limited resources and
services/interventions to the needy areas and rightful beneficiaries more
effectively. GIS technology’s ability to track areas that are not served and those
that are served well enables a geofocusing of interventions to the needy
beneficiaries. This contributes to effective service delivery to the communities.
While most health sector organizations have the need to provide services
effectively and efficiently to the public, they often have outdated or incomplete
data, and a lack of lower-level digital geospatial data to guide them in analysis,
planning and decision-making. The use of GIS technology and up-to-date and
lower-level digital data facilitates the process of providing health services
effectively, and of controlling and preventing disease outbreaks through evidencebased planning and decision-making in health sector organizations.
With GIS technology, data can be organized in a geospatial manner in the
same way health sector organizations or health managers do their organizational
orders when they are planning their operations. GIS data (varying from satellite
imagery and photographs to analogue maps and field data) can be used to
determine the distribution of disease outbreaks and most-at-risk populations.
These data add value to the existing data in an organization’s database, and guide
the equitable allocation of their limited resources, workload, and service delivery.
The data can also be used to ease the monitoring and evaluation of programs and
services.
Even though there is rapid growth of technology worldwide, GIS technology
in Ugandan health sector organizations is being adopted slowly. This is caused by
a lack of a geospatial data policy, and a lack of awareness and knowledge about GIS
technology, its benefits, and training institutions in the country, because it is
expensive to attain training in the developed countries. Because of these reasons,
GIS technology use is slowly moving into the private sector that is known for
development initiatives and yet, researchers in Uganda have not examined this GIS
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technology to date in the health sector organizations. Finally, research is needed
to examine the societal impact of GIS technology use, in order to determine
people’s attitudes and behavior towards GIS technology use in Ugandan health
sector organizations. On this note, since GIS technology use is diffusing into the
private sector, researchers should be able to contribute their expertise in order to
generate a better understanding of GIS technology and its role in managing,
controlling, and preventing diseases.
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Chapter 7:
General Conclusion and Discussion
This chapter summarizes the previous chapters by discussing the findings of the
studies presented in this dissertation, reflecting on the methodology and outcomes,
and suggesting directions for future studies. The chapter begins with a general
overview of the research aims and questions, followed by concluding and discussing
the findings of each of our studies. We then discuss and reflect on the research
approach and the outcomes of all studies combined. This chapter ends with directions
for future research and recommendations for practice.
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7.1. Dissertation Overview
The dissertation assessed the use of geographic information system (GIS)
technology for health activities and decision-making, and its impacts on health
sector organizations in Uganda. Our aim was improving and encouraging the
adoption and implementation of GISs in healt health sector organizations that have
not yet adopted GIS technology. Similarly, this dissertation’s aim is persuading
technology developers and implementers to not only consider technological
factors when developing, implementing, or changing an information system, but
also societal, institutional, political, and organizational factors, because GIS
technology use involves many actors and beneficiaries. Several studies have
shown that developing countries face barriers when implementing and adopting
health information systems (see Table 7.1).
The first study described in this dissertation (see Chapter 2) is a literature
review to identify the uses of GIS technology and to determine how it is applied for
collecting and supporting information that is needed for decision-making in the
public health sector. The classification of GIS technology uses in the literature
categorizes broader and specific uses, namely disease surveillance (disease
mapping and disease modeling), healthcare research and management (health
facility access, utilization, and planning), strategic health planning of services,
community health profiling, built environment and neighborhoods, health
education, crisis management, and risk analysis. The GIS technology uses
identified in the literature are determined from different authors (e.g., Nykiforuk
& Flaman (2011), Shaw (2012), Tanser (2006a)). The literature guided us in
identifying factors and measures for addressing hindrances of GIS technology use
in the public health sector.
After the literature review, we adapted the identified concepts of GIS
applications to assess the nature of GIS technology use. We therefore identified the
users, the ways, and the purpose of GIS technology use, the type of GIS training
received by GIS users , the motivation for its use, current broad and specific
activities for which GIS technology is being applied and potential activities (see
Chapter 3). Assessing the nature of GIS technology use contributes to knowledge
by identifying the activities in which GIS technology can be used in health sector
organizations, because most organizations are still lacking adequate knowledge on
the activities GIS technology can be used for and how it should be done. By
identifying those activities, our studies improve GIS adoption and implementation
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in different health sector organizations, especially those that have not yet adopted
GIS technology use for their activities.
Table 7. 1: Overview of GIS implementation and adoption barriers.
Author
Barriers
Tomlinson (1987) and
Lack of funding, lack of digital base mapping, limited
Ventura (1995)
digital data, unawareness among potential users and
resistance to new technology, coverage of data,
assessment of costs and benefits, technological
developments affecting GIS and sources of funds for
research to political structures, availability of skilled
staff/recruitment, lack of proper advice, the
unwisdom of doing it alone and management
problems (which are as important as technical
problems), lack of training/understanding of
technology, software complexity/maturity of
technology, management support for GIS technology
use, organizational coordination and conflicts, data
structure and source materials, data communication
and networking, fear of change, data and software
standards/data integration, rapid changes in
software and technology
(Aqil et al., 2009; Hotchkiss et
Weakness of information support, poor quality data
al., 2010; Mavimbe et al.,
2005; Odhiambo-Otieno,
2005)
(Gladwin et al., 2003;
Limited use of available information, poor
Hotchkiss et al., 2010;
management
Kamadjeu et al., 2005; Rotich
et al., 2003; WHO, 1994)
(Odhiambo-Otieno, 2005)
Weakness in data analysis
(Heeks, 2006; Walsham &
Implemented systems are considered failures where
Sahay, 2006)
system initiatives developed fail to fulfil their initial
promise [total, partial and sustainability failure]
(Kaijuka, 2007),
Inconsistent geographic health-data updates, lack of
sharing, accessibility, different data formats
(De Vries & Nyemera, 2010)
Data redundancy, untimely data

The study described in Chapter 4 built on the literature review described in
Chapter 2 (that identified general GIS activities from the literature, and
categorized specific GIS activities), and on the study described in Chapter 3 (that
showed that health sector organizations can apply GIS technology for several
activities). This shed light on the motivation of health organizations’ management
for using GIS technology, and the uses of the technology in geospatial data
collection and automated mapping, in data and health-facilities management and

223

communication, in data sharing and collaboration (see Chapter 4), planning and
decision-making, and fleet management and vehicle and health-commodities
tracking (logistics). The adoption of GIS technology in the health sector can also
include using equipment, such as interactive Web-based mapping, Internet,
mobile-phone technology communication (handheld phones, GPS devices), and
wireless devices that are improving and shaping access, communication, sharing,
collaboration, and use of GIS technology.
Our studies considered GIS technology as a decision-support geospatial
information and communication technology to provide geospatial data,
information, and services in order to support effective evidence-based planning
and decision-making that supports prevention and control measures for health
problems.
The study presented in Chapter 4 investigated factors that stimulate and
hinder geospatial data sharing, and recommended strategies to improve
collaboration and sharing of geospatial data within health sector organizations
and the GIS arena in general. Subsequently, the study described in Chapter 5
investigated which factors contribute to non-use of GIS technologies for health
sector activities in both GIS-using and non-GIS-using organizations, and proposed
strategies to improve the adoption and implementation of GIS technology in the
health sector organizations and the Ugandan community in general.
Finally, the study described in Chapter 6 explored the impacts (benefits and
disadvantages) associated with GIS technology use in Ugandan health sector
organizations. The literature and the study findings showed that GIS technology
use yields both positive and negative impacts. This can be witnessed from DeLone
and McLean (1992), Nedovic-Budic (1998, 1999), Danziger and Andersen (2002),
and Akingbade et al.’s (2009) theoretical studies and analyses of GIS impacts. GIS
technology use positively impacts efficient and effective evidenced-based planning
and decision-making. Similarly, Danziger and Andersen (2002) indicated that
empirical findings recognized positive changes in the capabilities of public sector
units to perform functions attributed to the uses of IT: Positive impacts were
associated with efficiency and behavior of units of public administration. Negative
impacts were the misinterpretation or erroneous use of GIS output, the creation of
staff reduction and unemployment, and the encroachment on confidentiality and
privacy of clients’ health information, which creates threats to the privacy of
community members. Even though established legislation in respective countries
restricts the release of client data and prohibits the release of information at
anything lower other than the most general level (e.g., at county level instead of
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village or address level), individual countries’ approaches to privacy vary greatly
and frequently. Thus, using such geospatial data or creating area centroids instead
of the exact location of clients in a GIS technology produces misleading results.
Danziger and Andersen’s (2002) literature analysis of IT impacts noted that
negative impacts involve more subjective impacts of IT on people and on their role
as private citizens or as public employees (i.e., relating to public service), such as
job satisfaction. The positive and negative impacts of GIS technology use in health
sector organizations can be assessed according to the broad categories system
quality, information quality, information use, user satisfaction, individual impacts,
organizational impacts, and societal impacts. These categories were identified by
Nedovic-Budic (1999) and empirically confirmed by our research. Thus, when GIS
technology is adopted for health activities, health decision-makers should expect
to experience positive impacts, negative impacts, and mixed impacts of GIS
technology use (Akingbade et al., 2009; Danziger & Andersen, 2002; NedovicBudic, 1999).
We used existing GIS frameworks to answer our study questions. As such,
our research can serve as a foundation for further research on GIS technology use,
on sharing, exchange, and collaboration of geospatial data, on GIS impacts, and on
spatial-data infrastructures. As recommended by Akingbade et al. (2009), proper
use of theories and concepts, and testing of existing GIS evaluation frameworks
can serve as a foundation for further research on GIS impacts and spatial-data
infrastructures. It is important to note that several GIS frameworks in the
literature were solely used to suit research aims. For instance, in Akingbade et al.’s
(2009) framework, organizational impacts were not taken into account. Yet,
theoretically, for a system to be considered efficient, it should be able to facilitate
the aim of organizational operations, be user-friendly, and interact with
organizational features. Based on this, we agree with Nedovic-Budic (1999) that
there is still no impact framework for assessing GIS impacts in a specific sector. In
another example, DeLone and McLean’s (1992) information system success
framework that has been recommended by (Azad, 1993) and Pinto and Onsrud
(1997) for measuring GIS impacts, does not focus on societal impacts. However,
naturally, the purpose of implementing a new information system in the health
sector is to serve and provide good healthcare to citizen as beneficiaries.
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7.2. Aim and Research Questions
The research described in this dissertation set out to assess the uses of GIS
technology among health sectors organizations in Uganda, where most health
activities that use GIS technology are short-lived and project based. Besides health
sector organizations, organizations handling health-related activities were
included to get an in-depth understanding of experiences and opinions of
professionals who use GIS technology for health activities in order to guide
decision-making. Thus, our research aimed to assess and investigate the use of GIS
technology, issues of geospatial-data sharing, and impacts of GIS technology.
Furthermore, it aimed to develop strategies for the adoption and implementation
of GIS technology use, to improve and support collaboration and geospatial-data
sharing within Ugandan health sector organizations and the GIS community in
general.
In our research, we adopted the categorization of GIS applications in the
public health sector (Nykiforuk & Flaman, 2011; Shaw, 2012; Tanser, 2006a), to
understand the opinions and views on knowledge of GIS technology, to determine
the type of GIS training received by GIS users, and to understand professionals’
motivation for using GIS technology in the Ugandan health sector. In addition, to
determine the factors that stimulate or hinder geospatial data sharing, we adopted
Salleh & Khosrowshahi’s (2010) sharing framework in order to improve and
stimulate collaboration and geospatial data sharing. Finally, we used the impact
framework concerning organizations’ use of GIS technology as a conceptual
framework to express impacts that health sector organizations experience when
using GIS technology for their activities.
Our main research question was: What is the nature of GIS technology use
in health sector organizations in Uganda, and what are the impacts experienced
when using GIS technology for health sector activities? Table 7.2 shows an
overview of the studies described in this dissertation, and the research questions
that founded each study.
Each of the main research questions represents a specific study conducted
and presented in this dissertation. This research informs Ugandan health sector
organizations about the activities for which GIS technology can be used, and gives
these organizations the opportunity to improve their knowledge and skills. In
addition, our research stimulates public health institutions to collaboratively
design courses by including GIS technology as a course in their curriculum in light
of the current rapid growth of technology advancement in the world. Our research
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is not only helpful by creating awareness and sensitization about GIS application
activities, but also informs GIS non-users about what to expect and experience
when adopting and implementing GIS technology for their activities. Similarly, our
research offers GIS users the opportunity to strengthen their grip in using GIS
technology and to improve collaboration by sharing geospatial data, because GIS
technology facilitates the performance of fundamental epidemiological research
tasks far more quickly and with less effort.
Our research indicated that poor data quality, a lack of data accessibility, a
lack of geospatial data detail, and geospatial inconsistency between data sets
impede the utilization of GIS technology in Ugandan health sector organizations.
However, the already existing ties of memorandums of understanding between
some health sector organizations offers a foundation for the development of an
integrated collaborative network spatial data infrastructure (ICNSDI) and for the
adoption of GIS technology use. Furthermore, our research enhances non-GISusing organizations’ knowledge about GIS benefits: The Makerere school of public
health developed a syllabus course on GIS to be incorporated in their existing
public health courses.

7.3. Main Research Findings
Each chapter in this dissertation describes a study that was conducted to answer
one of our five main research questions. Below, we will discuss the findings of each
study.

7.3.1. Research Question 1: The Nature of GIS Technology Use
Our first study investigated the nature of GIS technology use in the public health
sector. A literature review identified GIS technology uses in the public health
sector in the African perspective. We focused on investigating how GIS technology
is used to collect and support information required for public health sector
decision-making. In addition, the literature review identified factors that hinder
GIS technology use and measures that can be used to address these barriers to GIS
technology use in the public health sector. The literature showed that GIS
technology can be applied for public health sector activities in many ways (see
Chapter 2). We used the GIS technology uses identified by Shaw (2012) as a
conceptual framework to communicate and categorize different thematic
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Table 7.2: Dissertation overview
Chapter
Chapter title

Main research
question
What is the
nature of GIS
technology use
in the public
health sector?

2

Identifying GIS
technology uses in the
public health sector in
Africa. A literature
review

3

Assessing the nature of
GIS technology use in
health sector
organizations in Uganda

What is the
nature of GIS
technology use
in health sector
organizations
in Uganda?

4

To share or not to share:
Deciding factors for
(not) sharing geospatial
data in Ugandan health
sector organizations

Which factors
influence the
sharing of
geospatial data
between the
health sector
organizations
in Uganda?

5

1.Exploring factors that
influence GIS technology
non-use in health sector
organizations in Uganda

6

Exploring impacts of GIS
technology use in
Ugandan health sector
organizations

Which factors
influence the
non-use of GIS
technology in
health sector
organizations
in Uganda?
What are the
impacts of GIS
technology use
in health sector
organizations
in Uganda?
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Sub-questions
i. How is GIS technology used
to collect and support
information required for
public health sector decisionmaking?
ii. Which factors hinder the
use of GIS technology in the
public health sector?
iii. Which measures address
these barriers to GIS
technology use in the public
health sector?
i. How do GIS users and GIS
non-users see the nature of
GIS technology?
ii. How has GIS technology so
far been used for health
purposes in Uganda?
iii. What do GIS users and GIS
non-users see as possibilities
of GIS technology?
i. Which factors influence the
sharing of geospatial data
between health sector
organizations?
ii. Which problems are
currently hindering the
sharing of geospatial data
between health sector
organizations?
i. Which factors contribute to
the non-use of GIS technology
in the public health sector?
ii. Which measures address
these barriers to GIS
technology use in the public
health sector?
i. What are the benefits of
using GIS technology in health
sector organizations?
ii. What are the disadvantages
associated with GIS
technology use in health
sector organizations?

activities published in the literature. The study reported broad and thematic uses
of GIS technology, and their reflection on the intervention activities concerning
health problems in Africa. The chapter discusses how GIS technology has been
applied to answer so many public health questions in many activities (e.g., disease
surveillance, health-facility access, utilization and planning, community health
profiling, building environment and neighborhoods, health education, crisis
management, and risk analysis).
The findings gave insight in the relevant approaches and design aspects in
the daily development of health activities that are used for disease prevention, and
in controlling measures for health issues, and the factors that contribute to or
hinder public health sector organizations to use GIS technology for solving health
problems. In addition, the findings showed positive effects of GIS technology use
for solving health problems, because geographic mapping can clearly visualize
such problems. GISs have been used in a vast array of health applications. Health
research has demonstrated thematic activities for which GIS technology has been
used (e.g., surveillance and control of malaria, produced Atlas of human African
trypanosomiasis, determined variations in the prevalence of HIV and other
sexually transmitted infections, and analyzed geographic disparities and access to
healthcare services). Thus, GIS technology can clearly reflect disparities in health
outcomes across populations and geographic regions by showing differences in
access to healthcare services.
Many studies have shown the effect of access barriers on health service
access, and the effect of low access on health outcomes. Thus, looking at access and
disparities in health outcomes is vital for understanding and changing the way
health sector services are located and handled. Studies presented in Chapter 2
related health outcomes to the level of access to healthcare, where GIS technology
was suitable (e.g., in the evaluation of environmental conditions, in identifying
villages at high risk for sleeping sickness and areas with an elevated
epidemiological risk of human African trypanosomiasis and Bilharzia
(schistosomiasis)). Furthermore, studies have related health diseases to the
geographic locations of healthcare services. Geographic mapping provided a
visualization of relationships between diseases and social factors, and showed
geographic variations in healthcare services. GIS technology was able to
demonstrate unequal access and unequal health outcomes for many populations
and geographic regions. GIS technology proved to be an effective analytical tool for
the evaluation and study of health disease surveillance, health-facility access,
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utilization and planning, community health profiling, building environment and
neighborhoods, health education, crisis management, and risk analysis.
Some studies in the literature review highlighted the need to better define
urban extents in Africa in order to capture disease risks and non-climatic
determinants of infection, and to provide a more informed approach to describing
the burden of disease across the continent. This could be achieved by GIS
technology use, which provides the opportunity for rational policy formulation
and cost-effective utilization of limited resources for enhanced disease control in
Africa. Geographic-information systems are tools for researchers to analyze
disease rates and risks, and to describe their results with colorful maps and
graphics that allow the public to see how disease injuries affect their communities.
However, the progress of disease mapping and disease modeling in handling
uncertainties has not been matched by advancements in the development of
spatial data sets of human population distribution that accompany disease maps
or spatial models. Where risks are heterogeneous across population groups or
space or dependent on transmission between individuals, spatial data on human
population distributions and demographic structures are required to estimate
infectious disease risks, burdens, and dynamics. The disease impact in terms of
morbidity, mortality, and the speed of spread varies substantially with
demographic profiles, so that identifying the most exposed or affected populations
becomes a key aspect of planning and targeting interventions.
Our study contributes to an understanding of how GIS technology can be
used for public health decision-making in developing countries. The study
identified barriers to GIS technology use in Africa and measures to address these
barriers.

7.3.2. Research Question 2: The Nature of GIS Technology Use in Uganda
The study described in Chapter 3 examined the nature of GIS technology use in the
specific context of Ugandan health sector organizations, and adopted the GIS
technology uses framework described in Chapter 1, that comprised disease
surveillance, healthcare research and management (health-facility access,
utilization, and planning), community health profiling, building environment and
neighborhoods, health education, crisis management, and risk analysis. This
framework was used as a conceptual framework to categorize GIS applications and
thematic activities. Our study’s participants belonged to health sector
organizations and organizations handling health-related activities in Uganda. This
allowed us to identify the Ugandan level of understanding, awareness, and types of
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GIS training received by GIS users, and professionals’ motivation for using GIS
technology for health-related activities. Where our first study focused on GIS
technology use for collecting and supporting information needed for decisionmaking, on impediments to GIS technology use, and on measures for addressing
barriers to its use, our second study focused on professionals’ opinions and views
concerning GIS technology use, on its potential for health sector organizations in
order to raise awareness and offer knowledge about GIS technology, so GIS nonusers can use it for their activities. Our participants all had decision-making
responsibilities, had senior managerial tasks, had technical GIS-related expertise,
and contributed to their organization’s policymaking. This allowed us to identify
the activities for which GIS technology is being used in Ugandan health sector
organizations.
The findings from our second study showed that several and increasing
numbers of health sector organizations are using GIS technology to guide them in
evidenced-based decision-making, planning, research efforts, and equitable
resource allocation. Our participants belonged to a wide variety of organizations
handling health activities in Uganda (i.e., not-for-profit organizations, nongovernment organizations, UN international agencies, government/public
organizations, education and research institutes, project-based organizations,
private organizations, semi-autonomous government organizations, and funding
mechanisms). Our findings confirmed that the activities for which organizations
use GIS technology indeed, as identified in the literature, fit the eight categories of
the general activities for solving and guiding health sector problems. Even though
many health sector organizations were using GIS technology for multipurpose
activities, GIS applications are being utilized on a project basis. As a result, GIS
technology use stops at the end of a project until another project is implemented
that lists GIS technology use in its terms of reference. Our findings indicated the
following ten multipurpose activities for which GIS technology is used in Ugandan
health sector organizations: 1) disease surveillance (disease mapping, disease
modeling), 2) healthcare research and management (health-facility access,
utilization, and planning), 3) strategic health planning, 4) community health
profiling, 5) fleet management and vehicle and health commodities tracking, 6)
health education, 7) crisis management, 8) risk analysis, 9) food
security/insecurity and health nutrition livelihood, and 10) coordination and
monitoring immunization programs. Our study showed that GIS technology is
being used limitedly for surveillance disease modeling, crisis management, and
risk analysis, and that it is not being used at all for built environment and
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neighborhood, and for spiritual health, due to a lack of adequately skilled staff with
expertise and knowledge on suitable activities for GIS technology use in Ugandan
health sector organizations. Overall, GIS technology can be used for many healthrelated activities (e.g., communication and advocacy for services, coordination and
monitoring of immunization programs, fleet management and vehicle and healthcommodities tracking, food security, and health nutrition livelihood).
Our findings further indicated that even though GIS applications have been
used in the Ugandan health sector for simple mapping analysis (e.g., for collecting,
storing, presenting, analyzing, reporting, and communicating data in a systematic
and user-friendly way, for determining geospatial locations, the distribution of
health locations, and the population that receives services from a specific health
facility, and for determining the quality of services in relationship to the
population the facilities serve), GIS technology can effectively generate evidence
for policy advocacy and quick decision-making, it facilitates stakeholder analysis,
and supports equitable service and limited resource distribution to underserved
and rightful beneficiaries. Thus, knowing the geospatial distribution of facilities
guides health organizations in identifying gaps in health facility distribution and
service delivery in the health infrastructure. Our findings showed that the reasons
for using GIS technologies relate to particular current needs in respective
organizations activities. However, staff capacity is lacking within the
organizations. As a result, an organization’s own staff applies basic application
techniques, but advanced GIS application methods are outsourced to contractors
with expertise.
Despite the fact that organizations see reasons for using GIS technology, our
results indicate a slow uptake of GIS technology use in the Ugandan health sector,
and especially in private organizations. These organizations are a known pillar of
developments, actively innovative, and technology-oriented, but there is limited
knowledge about GIS technology. This has caused top management to be
apprehensive about integrating GIS technology into exiting systems or using it as
a stand-alone health information system. Instead, most activities are outsourced
to consultants. Thus, there is an urgent desire to pass knowledge on to more health
professionals, so they can get an understanding of various GIS application
activities, especially in advanced spatial-analysis functionalities such as spatial
statistics methodologies (e.g., spatial clusters of health events, smoothing
techniques and spatial filtering, regression mapping, accessibility measures,
autocorrelation, and Gaussian progress regression). Some organizations lack
knowledge about GIS training institutions, because most staff handling GIS
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technology attained their knowledge through on-the-job training and tailor-made
trainings by consultants, through informal self-training, short courses, partner
organizations, and conferences, workshops, seminars and working groups.
Our explanatory case study research design revealed how GIS technology is
being used for health activities and users’ perceptions about this. The findings
showed that some non-GIS-using organizations were not aware about the
existence of GIS technology use and institutions offering GIS technology trainings
and their staff lacked knowledge about GIS technology. GIS-using organizations, on
the other hand, did have knowledge and were aware of the effectiveness of GIS
technology use in their daily activities. However, defining GIS technology use is
difficult and can be done in numerous ways, depending on the user. As noted by
O’Looney (2000), Clarke (2001), and Maguire (1991), several user groups, rapid
rate of development, and commercialization have offered different definitions as
evolution arises. We defined GIS technology as “a tool for [providing users with a
variety of approaches for capturing], managing, and linking attribute and
geospatial data, advanced modeling functions, design and planning, and advanced
imaging capabilities” (Mennecke, 2000; p. 45).
While GIS technologies are well developed in western countries, Uganda
health sector organizations have only recently begun to understand its
implications for human health. Considerable contributions are being made in
exposure assessment to assess public health threats near hazardous waste sites
(toxic substances), in the identification of study populations, disease mapping,
service-availability mapping, and public-health surveillance (detection of
epidemics, assessment of infectious-disease potential, the design and the targeting
of health interventions to rightful beneficiaries). Our findings showed that
adoption and implementation of GIS technology use for health sector activities was
promising for solving health problems, and especially for guiding decision-making.
GIS technology use can be promoted by providing GIS training institutions, by
creating awareness and sensitizing about its benefits, and by presenting practical
demonstrations of successful use from international and national health
organizations, to identify health and health-related application activities.

7.3.3. Research Question 3: Factors that Influence Geospatial Data
Sharing in Uganda
Our third study investigated which factors influence and which problems hinder
the sharing of geospatial data between Ugandan health sector organizations. The
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study described in Chapter 4 also assessed to what extent GIS technology is
assisting geospatial data sharing for decision-making. Thus, this study’s main
research question was: Which factors influence the sharing of geospatial data
between health sector organizations in Uganda? To answer this question, we used
Salleh and Khosrowshahi’s (2010) geospatial data sharing framework, plus
relevant information from the literature, to determine the contributing and
hindering factors of geospatial data sharing. This would form the foundation for
the development of strategies for addressing barriers to geospatial data sharing.
The results of this study showed that there are numerous factors that have
contributed to collaboration and geospatial data sharing between health sector
organizations. The findings showed that the factors availability, necessity,
efficiency, collaboration, learning, and accountability stimulate organizations to
cooperate and as such, to share geospatial data. In addition, the findings indicated
that the continuation of GIS technology use for geospatial data sharing and
collaboration between health sector organizations and with the community was
promising. Some health organizations were already willing to share data. The
sharing of geospatial data between organizations is influenced by organizational
and government requirements, mandates or policies, the need to confirm
accountability and transparency, avoidance of duplication of services and wastage
of limited resources, the availability of geospatial data, IT infrastructure and
expertise, expansion of networking, the need to educate the public, and the
existence of sharing platforms. The findings also showed that with the existing
sharing avenues, collaboration and geospatial data sharing in the health sector is
limited to internal organizational sharing, their partners, donors (as financial
facilitators), and to a lesser extent to government organizations, but not to all
organizations in the health arena. More so, it became clear that health sector
organizations share geospatial data through informal networks or technicalknow-who with particular organizations they collaborate with in order to work
together on related or similar activities.
This study used a geospatial data sharing framework (Salleh &
Khosrowshahi, 2010) to investigate the problems that are currently hindering
geospatial data sharing. The study contributed to the development of strategies for
addressing sharing issues. The study findings indicated that the following factors
are currently hindering geospatial data sharing: lacking resources, poor quality of
data, restrictions, leadership issues, and interorganizational boundaries. While
Salleh and Khosrowshahi’s framework present six broad categories that hinder
geospatial data sharing (i.e., technical, institutional, legal, political, social, and
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economic), our study identified five factors, based on categorization. Even though
the study had some promising results concerning the potential of collaborative
geospatial data sharing through existing government and organizational policies,
health organizations also reported difficulties that hinder collaboration and the
sharing of geospatial data. For example, the following technical factors hinder
geospatial data sharing: limited staff expertise, lack of knowledge, experience with
GIS technology and its benefits, networking costs and lack of common data
definitions and sharing procedures and formats, lack of standards for collecting
and producing data for sharing, lack of a proper network connection capable of
handling transfers of bulky geospatial data, and lack of a suitable GIS
infrastructure department. There were also non-technical factors that hinder
geospatial data sharing and collaboration, namely institutional factors
(organizational restriction policies and norms, lack of resources for data collection
and dissemination), confidentiality and sensitivity of data, security issues and
political interference, lack of data (especially lower-level digital health geospatial
data), fear of competition, poor IT-system infrastructure, lack of awareness and
knowledge about sharing benefits and importance, lack of sharing policy, and
behavioral attitude overshadowing the intention to share. In addition,
commercialization of data and a lack of a professional body to guide and regulate
data sharing indicate a lack of coordination among organizations, which decreases
the success and trend of geospatial data collaboration and sharing. The findings
further showed that the following factors hinder geospatial data sharing: limited
access to existing databases and websites due to restricted access rights, lack of
policies, guidelines, and regulations that govern sharing with the public and
organizations other than the health sector, and a top-down approach for decisionmaking instead of a combination of bottom-up and top-down approaches.
To address these problems that are currently hindering the sharing of
geospatial data in health sector organizations in Uganda, and as such, to enhance
successful sharing in the GIS environment, we suggested the following three
categorical support strategies and respective attributes:
1.

The Ugandan government should establish and harmonize an information
policy. Enact a security policy on data ownership, make existing core data
sets freely available, offer incentives for GIS software to be available or
make the software available and provide key licenses that can be shared
on a network, government should provide continuous funding, include
GIS activities in organization planning and budgeting, the private sector
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2.

3.

should be heavily involved, and legally aggregate confidential and
sensitive data.
Create a coordinating body of GIS-using health professionals for
collaboration and coordination of activities. Establish an integrated
collaborative networked spatial-data infrastructure (ICNSDI) for
collaboration and sharing of GIS data, politically form a network body,
create agreements to ease sharing and eliminate bureaucracies, develop
harmonized standards and formats, socially promote data use and
culturally promote volunteerism to change people’s attitude, respect
client privacy, and build trust.
Incorporate courses on GIS in the curriculum of universities dealing with
health issues and institutionally/organizationally increase advocacy, and
create sensitization and awareness about GIS technology and the benefits
of sharing geospatial data.

An ICNSDI was considered vital in providing collaborative networking for
geospatial data access and sharing demands, because it encompasses different
forms of collaboration (formal, informal, associations, partnerships, coalitions,
joint ventures, alliances, and network strategies). Collaboration means that
several organizations agree to work together, to co-create, to contribute, and to
share information, data, resources, and responsibilities in order to jointly plan,
implement, and assess plans of activities to achieve a common goal and generate
value. The ICNSDI that embrace policies of sharing, access, ownership, and
custodianship was proposed to guide the collaboration and geospatial data
sharing of health sector organizations, because data sharing is a vital component
of SDIs. Thus, our study provided a foundation for conceptualizing the status for
geospatial data sharing in Ugandan health sector organizations.
The ICNSDI can be used to speed up the development of SDI initiatives,
which had stalled in the Ugandan GIS arena. Thus, it is also useful to investigate
the success or failure of the ICNSDI that encompasses multiorganizational
geospatial data sharing. However, all the factors mentioned in chapter four that
hinder sharing and collaboration need to be taken into consideration to achieve
the successful geospatial data sharing.
Our study showed that the ICNSDI is a suitable approach for improving
sharing demands, because there are few data-sharing networks that Ugandan (and
foreign) organizations can take part in. Our study yielded mixed findings, and
showed that some organizations intensely exercised the knowledge management
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and documentation of sharing, but other organizations did not have the attitude to
share as freely and willingly as it should in a free GIS environment. The results also
highlighted major potential and willingness to collaborate and share geospatial
data between organizations that are responsible for handling health-related
activities. This would require the Ugandan government, as a custodian of rules and
laws, to implement an ICNSDI platform. Such a platform would facilitate geospatial
data discovery, because an SDI encompasses all the components of data sharing
that the GIS community desires (e.g., policies, standards, and procedures that
facilitate efficient use, management, and production of geospatial data; Kufoniyi,
2004).
Our study showed both positive and negative aspects of geospatial data
sharing between health sector organizations and within the Ugandan GIS
community. A negative aspect was the existence of unutilized or redundant
sharing platforms, which caused people to lose morale for sharing data. A positive
aspect was the development of a geospatial data platform. This is a vital sharing
index and it facilitates collaboration and data sharing between organizations, but
it should continuously be maintained. Our findings are in line with Nedovic-Budic
(1999), who highlighted that the use of GIS technology for collaboration and
geospatial data sharing comes with positive and negative impacts that need to be
evaluated.

7.3.4. Research Question 4: Factors that Influence GIS Technology NonUse in Uganda
Our study showed that there are numerous impediments to GIS technology use.
These impediments hinder the adoption and implementation of GIS technology in
the health sector and in Uganda in general. The findings further indicated that
awareness creation and sensitization (about the activities for which GIS
technology can be used and about its benefits) can improve GIS technology use in
health sector organizations. Demonstrations can create awareness and sensitize,
by showing practical examples of organizations that have successfully applied GIS
technology in their routine activities.

7.3.5. Research Question 5: Impacts of GIS Technology Use in Uganda
Assessment approaches for information systems, management information
systems, and geographic information systems form a gateway for assessing
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benefits and disadvantages of an application, for matching benefits and
disadvantages with organizational objectives, and for determining the potential of
proposed application activities with respect to system impacts, information
quality, information use, user satisfaction, individual impacts, organizational
impacts, and societal impacts. Most of these approaches can guide the
identification of benefits and disadvantages of GIS technology use. Thus, the
existing approaches can assess the impacts of GIS technology use in health
organizations, provided that these approaches 1) analyze the capabilities and
functions for interaction and cooperation for the sharing of geospatial data and
services (Akingbade et al., 2009), and 2) highlight mechanisms and behavioral
factors (Nedovic-Budic & Pinto, 2000), and privacy and confidentiality issues
(Rushton et al. 2000) that can stimulate or hinder GIS activities across multiple
health organizations. The assessment approaches should also emphasize the
impacts of GIS technology use on individual and collective goals of citizens,
because health data can be abused by individuals. The literature suggests an
assessment approach that describes GIS technology contributions to system,
organizational, and individual efficiency and effectiveness, to information quality,
information use, user satisfaction, and societal well-being (DeLone & McLean,
1992; Nedovic-Budic, 1998,1999). Similarly, the assessment approach should
assess implementation, management, and use of GIS technology in the activities of
public and private health sector organizations (DeLone & McLean, 1992;
Mennecke, 2000). The impacts of GIS technology use on system quality,
information quality, information use, user satisfaction, individual impacts,
organizational impacts, and societal impacts can be achieved by implementing,
managing, and adopting GIS technology use in health activities.
Our study showed that there is a need for more empirical research on
societal impacts of GIS technology use (e.g., legal, privacy, and confidentiality of
individuals’ health data associated with GIS technology use; how cultural
differences, data accessibility, user education, and political systems influence GIS
technology use; and the effectiveness and spread of GIS technology use in
developing countries). Still from a societal perspective, there is also a need for
empirical research on human behavior such as actions, attitudes towards GIS
technology use in health sector organizations, on citizen-public-stakeholder
interactions, on accessibility of data, how public-sector GIS technology use and
data production influence the private sector, and how health sector organizations
manage the implementation process. In addition, there is a need to increase
geographic focus by conducting more research on emerging and developing
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technologies for health sector activities (e.g., the relationship between
organizational communication, collaboration, and GIS adoption).
Our study further emphasized that GIS technology use makes work easier,
and promotes efficiency and effectiveness in health sector decision-making. For
example, it creates an understanding of disease-outbreak distribution, because the
technology can identify the exact geographic locations of the outbreak, varying
from district to village to particular cells within a catchment area. In addition, GIS
technology is a good tool for monitoring and validating field data, and for
managing epidemic-disease outbreaks and other epidemiological trends. For
instance, for examining incidence or prevalence rates using spatial-clustering
techniques, and for estimating mean annual concentrations of air pollution in
order to examine small-area variations in air quality and chronic respiratory
health using regression mapping. Besides being a good tool for monitoring, GIS
technology is a vital communication tool that simplifies the sharing and
accessibility of geospatial data for many interested people and organizations. As
GIS technology use spreads into the health sector, there is a need to reduce the
disparity in geographic focus by conducting more research and by contributing
more understanding of GIS technology and its role in managing, controlling, and
guiding the prevention of diseases.

7.4. Reflections on the Study Findings
Our assessment of the use and impacts of GIS technology yielded five main
outcomes. The first outcome concerns the uses of GIS technology in the African
public health sector. The second outcome concerns the nature of GIS technology
use in Ugandan health sector organizations. The third outcome concerns factors
that influence geospatial data sharing between Ugandan organizations handling
health-related activities, the fourth outcome concerns the factors that influence
non-use of GIS technology in Ugandan health sector organizations, and the fifth
concerns impacts of GIS technology use in Ugandan health sector organizations.

7.4.1. GIS Technology Use in the Public Health Sector in Africa
Our study showed that there are numerous activities for which GIS technology can
be utilized in the health sector. GIS technology is often utilized for healthcare
research and management (i.e., health-facility access, utilization, and planning),
community-health profiling, disease mapping, and strategic health planning,
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because these activities mostly involve simple analysis. On the other hand, GIS
technology is limitedly utilized for health education, advocacy and communication,
and for the coordination and monitoring of immunization programs, because these
are still new activities in Uganda. In addition, GIS technology is limitedly utilized
for crisis management, disease modeling, fleet management and vehicle and health
commodities tracking, food security and health nutrition livelihood, and risk
analysis, because of a lack of expertise. These activities require advanced GIS
analysis by skilled staff that health sector organizations are lacking.
Table 7.3 shows a categorization of the above-mentioned activities
according to multipurpose GIS activities as described in the literature and
according to sub-multipurpose GIS activities as shown in our studies. See Chapters
2 and 3 for a full description of thematic GIS activities that can be used as practical
evidence to create awareness of GIS activity areas. Such awareness improves and
promotes the use and adoption of GIS technology in the health sector for support
in planning and decision-making.
Overall, our assessment of GIS technology use offers evidence of the gaining
popularity of using GIS technology as a tool for understanding health sector
promotion and public health questions (Nykiforuk & Flaman, 2008). Nykiforuk
and Flaman (2008) also highlighted that an assessment of GIS technology use
demonstrates that GIS technology can be used as a natural and effective approach
for a variety of health programs, policy, planning, and decision-making issues in
the health arena. Because our empirical study focused on both current and
potential GIS activities, this dissertation highlights numerous opportunities
associated with GIS technology use.
The objective of our literature review and empirical assessment of GIS
technology use was identifying the extent to which GIS technology has been
applied for health activities, and to understand how health professionals and
decision-makers view GIS technology use for planning and decision-making. In
addition, our research focused on identifying users, how GIS technology is used, its
purpose, and current and potential activities, motivation, and how GIS technology
is perceived and valued by decision-makers in organizations handling healthrelated activities. Assessing GIS technology use and the role it plays in decisionmaking is a starting point for gaining further discussion on the use and value of
geospatial data and information. Our research serves as an initial structure to
provide the basis for future studies.
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Table 7.3: GIS activities in the health sector
General GIS activities
Specific GIS activities
Community-health profiling
Community-health profiling
Coordination and monitoring of
immunization programs
Crisis management
Disease surveillance: Disease
mapping
Disease surveillance: Disease
modeling
Fleet management and vehicle and
health commodities tracking
Food security and Health nutrition
livelihood
Health education
Healthcare research and management
(health-facility access, utilization, and
planning)

Risk analysis
Strategic health planning

Coordination and monitoring of
immunization programs
Crisis management
Disease surveillance: Disease
mapping/Mapping and tracking of diseases
and participants
Disease surveillance: Disease modeling
Fleet management and vehicle and health
commodities tracking
Food security and Health nutrition livelihood
Health education, advocacy, and
communication
Mapping the location of clients, the
distribution of facilities, coverage of
interventions, programs, and activities
Service-availability mapping
Stakeholders and service-provider mapping
Monitoring and Evaluation, and performance
reporting
Mapping human-resource management
Interactive Web-based GIS mapping platform
Healthcare research and management
(health-facility access, utilization, and
planning)
Educational training tool
Data-management platform
Risk-hazard mapping and disaster
preparedness
Strategic health planning
Supervision of coworkers (supervision tool)

As highlighted by Nykiforuk and Flaman (2008), GIS technology can be used
to bridge the interface between science and practice by using a spatial aspect to
link health outcomes to individual behaviors and environmental factors. GIS
technology can effectively be used as a communication tool that involves
stakeholders in the development and display of information in a map format. This
is critical for the adoption of the end product, because knowing society is key to
the success of map usage (Nykiforuk & Flaman, 2008). Similarly, GIS technology
can be used to monitor and evaluate programs and policy interventions within a
defined environment. However, this use must be designed carefully and evaluated,
to ensure validity, reliability, and transparency, and to increase accountability for
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evidence-based policy and practice. In addition, GIS technology has been used to
demonstrate that participatory geographic information system (PGIS) techniques
can provide information that is helpful for health and community development
(Ansumana et al., 2010). It has been applied to socioeconomic, demographic, and
HIV-sentinel data to characterize the geographic distribution of HIV prevalence in
Zambia, and to estimate current prevalence rates (Moise & Kalipeni, 2012).
Thus, geography and health are unquestionably linked. Whether it concerns
problems with environmental risk or exposure, poor health screening, or a lack of
access to basic resources, geography can be important in the assessment of health
problem issues (Graves, 2008). GIS as a technology, a methodology, software, a
tool, and a system, enables effective geospatial analysis of health problems. The
implications for GIS technology use in the health sector are massive. In the
literature, according to Graves (2008), some studies show disparities in healthcare
research and management (i.e., health-facility access, utilization, and planning),
because public healthcare services are associated with access barriers (e.g., age,
sex, race, income, insurance status, ethnicity, places of residence). Geographic
proximity to public healthcare services was a strong predictor of access and
utilization disparities, but there are still unexplained differences in measures of
access and utilization of public health services. That is, the nearer the health
facility to the households, the higher the access rate and utilization for health
services. So distance and proximity is a vital factor to predict the access rate and
utilization of a facility. Thus, more studies are required to evaluate the impact of
geographic access and outcome measures of health.
According to Graves (2008), “the field of health geography could benefit
from studies that provide greater understanding of patterns of geography,
[disease surveillance, health facility access, utilization and planning, health
outcomes, community health profiling, building environment and neighborhoods,
health education, and crisis management and risk analysis], healthcare access, and
health outcomes. As GIS analysis can serve to guide policy deliberations and health
resource allocations. They can be instrumental for targeting of interventions to
improve geographical public healthcare or sector services and disparities” (p. 7).
GIS technology ties health to where people live (i.e., some health problems
or diseases are influenced by the environment, behavior, and genetics), and can be
used to expose relationships between cancer and air quality or ground
contamination (Graham et al., 2011).
Our study indicated that there are many potential activities for which GIS
technology can be used by health sector organizations. Thus, opportunities for
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collaboration between geography and health should be maximized for the mutual
benefit of researchers, practitioners, policy and decision-makers, and the society.
GIS technology has been accredited as an innovative approach that can help
manage and plan healthcare activities that are vital in the health sector
environment, such as locally based healthcare initiatives (e.g., community health
coalitions that focus on capacity-building programs) and multifaceted responses
to long-term health problems (Baum, Kendall, Muenchberger, Gudes, & Yigitcanlar,
2010). For example, GIS technology can be used by health professionals to
communicate important facts about the community. Bus routes can be plotted in
community maps in which personnel transportation is a commodity. Such maps
show residents access patterns to healthcare services (Graham et al., 2011). GIS
technology use in these activities can reduce duplication or overlap in information
and services.
The use of GIS technology in health sector organizations suggests the need
to train more skilled staff that will be capable of handling advanced GIS analysis.
Such analysis is required for forecasting diseases, for crisis management (e.g.,
determining the safest and fastest route to use in case of accidents), and for risk
analysis, and especially for analyzing health-risk pollutants in the environment
(e.g., environmental exposure to water, soil, and air contaminants, hazards, and
virus transmission due to landscape ecology). These analyses normally require the
use of remotely sensed data (digital images captured by satellite) with the
combination of GIS technology in order to identify landscapes that are fertile to
vector growth and spread, or to determine vector abundance in a particular
geographic location (Nykiforuk & Flaman, 2008). Such analyses require high
knowledge of spatial statistics, such as spatial clusters of health events, smoothing
techniques, spatial filtering, Gaussian progress regression, autocorrelation, and
regression mapping.
The case of GIS technology use in Ugandan health sector organizations is
complex and challenging in three ways. Firstly, health managers consider the
implementation and adoption of GIS technology use a waste of resources, because
of the limited national budget allocation of the health sector. Secondly, the
adoption of GIS technology is hindered by a lack of cooperation between geo
information organizations with GIS expertise. These organizations are
apprehensive about sharing skills, knowledge, and experiences, because of their
fear of competition. Lastly, the lack of government involvement and GIS policy has
contributed to some organizations’ reluctant adoption. The Ugandan government
has not come forward to advocate for its use.
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Our empirical findings indicate that GIS technology is valuable if chosen for
the right purpose and under the right circumstances, its use does not guarantee its
full adoption unless government and political leaders are involved, and capacity
building is worked on. Therefore, to increase the adoption of GIS technology in
health sector organizations, there is a need for more understanding of how to use
the technology, more trainings, and more confidence to better analyze the
information (Cockings, Dunn, Bhopal, & Walker, 2004). It is important to have staff
with skilled expertise that are able to choose the correct analytical tool to answer
the question. Health professionals will then have clear evidence to confidently
make decisions. Likewise, there is a need for Uganda to have experienced GIS
professionals who are able to identify and correct errors. Inexperienced users
could then consult these professionals concerning health-related GIS applications
that they are interested in using.
In addition, our research showed that the political setting influences the
success of GIS technology use. One of the factors that hindered earlier GIS adoption
in the health sector was a lack of political and governmental support. New
innovations in Uganda can only be adhered to if the president acknowledges and
supports it. Thus, researchers and GIS professionals should create awareness
about the technology by involving politicians in the initiation stage, and by
demonstrating practical GIS products. For instance, three approaches (i.e.,
traditional epidemiological methods, GIS, and point-pattern analysis) were used to
analyze a single public health data set that was derived from a community survey.
Different models addressed the same research question and the results did not
contradict each other, but complemented each other, and the results did not create
duplication in information (Nykiforuk & Flaman, 2008). Such an example could be
demonstrated to policy and decision-makers to create awareness about GIS
technology use.
Assessing GIS technology use by gathering information from different users
is critical for understanding how the technology is used for health issues. As
Nedovic-Budic highlight “Evaluation in the context of particular organizations and
their GIS applications promises better understanding and insight into the ways GIS
is incorporated and used in the planning and decisionmaking process” (p.682).
This gives technology developers feedback Nedovic-Budic (1999,1998), and
informs the health sector about new innovations for solving health problems.
Without a proper assessment of GIS technology use, health sector organizations
are unformed, underprepared, and may develop health programs that are
potentially ineffective and irrelevant. Various tools are being used to gather health
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data, varying from ethnographic observations to key-informant interviews and
surveys (Cockings, Dunn, Bhopal, & Walker, 2004). While these tools remain an
integral part of health sector organizations’ toolbox, the information provided by
such tools is not easily interpreted by the general public (Nykiforuk & Flaman,
2008). Their data often fail to reveal the direct correlation between geographic
location and health. GIS technology is a powerful tool for health professionals,
because it can be used to communicate important facts about health problems.

7.4.2. Collaboration and Geospatial Data Sharing
We conceptualized collaboration and sharing strategies and used the resulting
framework as a knowledge base for health GIS professionals to effectively
collaborate, and share and communicate ideas, experiences, and knowledge. We
also used it as a model for increasing awareness about the benefits of collaboration
and geospatial data sharing.
Our findings concur with the literature: Collaboration and geospatial data
sharing involves the integration of data, software, hardware, and staff (Budić,
1994). Integrating multiple systems provides organizational benefits by reducing
duplication of efforts for database development and for management and
maintenance, and by savings from hardware and software purchases. Assigning
personnel who are in charge of a GIS (Campbell, 1990, 1992b) is cost-effective and
produces high-revenue return on investments (Budić, 1994).
Despite the benefits of a collaborative and shared GIS, it is documented that
implementing this system is complex, and realizing its benefits is difficult
compared with a single system, because it involves integrating data from various
sources (Campbell, 1992a). However, Ugandan health sector organizations can
borrow ideas from the implementation of the infrastructure for spatial
information in the European community (INSPIRE, 2007) Directive (approach
2007/2/EC of the European Parliament and the council of the European Union).
This implementation started in 2007 and occurs in phases, with the full
implementation targeted for 2019. The goal is creating a European Union SDI that
enables the sharing of environmental spatial information among public sector
organizations, and better public access to spatial information across Europe. The
INSPIRE Directive aims to make sure that a European SDI assists in policy-making
across boundaries within European countries and delivers to the users integrated
spatial information services. This shows that the spatial information considered
under the directive is extensive and encompasses a great variety of topical and
technical themes based on common principles. INSPIRE (2007) states that:
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Inspire should be based on the infrastructure for spatial information that are
created by the Member States and that are made compatible with common
implementing rules and are supplemented with measures at Community level.
These measures should ensure that the infrastructures for spatial information
created by the Members States are compatible and usable in a Community and
transboundary context. The infrastructures for spatial information in the
Member States should be designed to ensure that spatial [geographic] data or
information needed for good governance at all levels are stored, should be
made readily and transparently available; Data should be collected only once
and kept where it can be maintained effectively at the most appropriate level.
That it should be possible to combine seamless spatial data [or information]
from different sources across the community or Europe in a consistent way
and share them between several users and applications. It should be possible
for spatial data or information collected at one level of public authority or
government/scale to be shared between other public authorities or with all
levels of government/scales, detailed for thorough investigations, general for
strategic purposes; that spatial data are made available under conditions
which do not unduly restrict their extensive use; that it is easy to discover [or
find] available spatial data or geographical information, to evaluate their
suitability for the purpose and to know the conditions applicable to their use
or how it can be used to meet a particular need, and under which conditions
it can be acquired and used (p.1-2).
Under the INSPIRE Directive, the European commission established the SDI
to address issues concerning the availability, exchange, quality, organization,
accessibility, sharing, and use of interoperable geospatial data and geospatial data
services that are experienced across several levels of European public authority
and different sectors (INSPIRE, 2007). This led to the creation of the commission
regulation (EU) No. 268/2010, article 17(8) of the INSPIRE Directive, that
concerns implementing rules on the sharing of data and services. This should
regulate the provision of access to geospatial data sets and to services from
member states to community institutions and bodies of the community under
harmonized conditions (EC, 2010).
The regulation contains the following vital points:
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Restrictions on access: While fully safeguarding the rights of member states,
Members States and their public authorities may limit the sharing of spatial
data sets and services when this would compromise the course of justice,
public security, national defense, or international relations….,While
restrictions can be necessary INSPIRE has a general aim to improve data
sharing…., Member States or public authorities should state under what
conditions access to otherwise restricted spatial data sets and services can be
allowed…., That there may be situations in which the data could be provided,
but only if some additional measures are taken, such as more stringent access
controls or if some information is removed. These should be stated by the
Member State or public authority as to enable data sharing wherever possible.
Member States are encouraged to find the means to still give access to
sensitive data under restricted conditions by providing generalized data sets
upon request, member states should give reasons for these limitations to
sharing…., Use of spatial data sets and services: Any agreement of access to
the data is, according to INSPIRE Directive, to the discretion of the Member
State, unless it is proven to be a hindrance to data and service sharing.
Metadata: Metadata must include the conditions applying to access and use
of spatial data sets and services for community instructions and bodies which
informs the user of the available specific conditions already at the discovery
stage. Conditions applying to access to, and use of, spatial data sets and
services and, where applicable, corresponding fees; the public authorities
responsible for the establishment, management, maintenance and
distribution of spatial data sets and services; limitations on public access and
the reason for such limitations…., The value domain of this metadata element
is free text. The element must have values. If no conditions apply to the access
and use of the resources, ‘no conditions apply’ shall be used. If conditions are
unknown, ‘conditions unknown’ shall be used. This element shall also provide
information on any fees necessary to access and use the resource, if applicable,
or refer to a uniform resource locator (URL) where information on fees is
available. Metadata as a free text element, should contain as much as possible
the description of the conditions applying to access and use; where necessary,
this description can be further integrated including one or more links
referencing web pages, where detailed information can be found. If data or
services can be accessed under payment, community institutions and bodies
have the possibility to request member states to provide information on how
charges have been calculated. Response times: Member states or stakeholders
are requested to provide access to geospatial data sets and services without
delay and at the latest within 20 working days after receipt of a written
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request. This timeframe may be extended by mutual agreement of the public
authority or Member State and the institution or body of the Community
which may allow an extension of this standard deadline” (INSPIRE, 2010, P. 810). “Provide guidelines and good practice documents on coordination of data
and service sharing, framework agreements, transparency on the data,
licences, charging mechanisms, public access, emergency use, third party data
with a defined set of criteria to follow. This should allow all users, including
Community institutions and bodies, to find the conditions for sharing that
apply to them. (EC, 2010, p.5)
We conducted our research to determine to what extent GIS technology
supports the sharing of geospatial data in the Ugandan health sector to enable
evidence-based decision-making. The findings indicated that GIS-using
organizations have the willing attitude and behavior to collaborate and share their
geospatial data to a greater extent, with organizations in partnership or districts
working with them to implement interventions.
In addition, our findings indicated that geospatial data are mostly shared
through various channels, such as workshops, conferences, performance reports,
technical working groups, technical-know-who, seminars, and office visits. Spatial
data are mostly shared with organizations and partnering stakeholders, and less
often with the general public. Overall, Ugandan health sector organizations
collaborate and share geospatial data according to a one-way and two-way
approach. These sharing approaches, as highlighted by Salleh and Khosrowshahi
(2010), have been ignited by the rapid growth of technology and the need for upto-date, accurate, and accessible geospatial data by decision-makers from various
organizations to support their operational and strategic decisions.
Furthermore, the aim of our research was understanding the continuously
increasing demand for access to geospatial data, and increasing influences that is
pushing health sector organizations to collaborate and share their data with
others, because these data sets or shape files are not stored in one-stop centers,
but scattered throughout organizations. Accessing and utilizing existing geospatial
data that were collected and stored across the health sector and organizations
using GIS technology in general is challenging. Our research analyzed and
examined the state of geospatial data sharing between health sector organizations
in Uganda to discover which factors contribute to organizations’ sharing and nonsharing of spatial data.
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Various frameworks and theories have empirically been tested to explain
collaboration and sharing of geospatial data (e.g., the theory of planned behavior).
Of these many frameworks, we used Salleh and Khosrowshahi’s (2010) framework
and relevant literature to understand the factors that stimulate and hinder
collaboration and geospatial data sharing among health sector organizations.
Salleh and Khosrowshahi’s framework allowed us to categorize the factors that
stimulate and hinder health sector organizations to internally or externally share
geospatial data. The framework helped us discover why organizations share
geospatial data and what benefits they encounter by doing so. For instance,
according to the INSPIRE Directive above, the principle of geospatial data
collaboration and sharing is to collect data once, to make data available and
accessible to anyone who needs them, and as a result, to increase the benefits to
society.
In addition, Salleh and Khosrowshahi’s (2010) framework allowed us to
analyze the results and to get insight in similarities and differences between
organizations. This further explained why some organizations are willing to share
and others are not. The categorization makes the framework potentially helpful to
understand both broad and specific factors that stimulate the sharing of
information and collaboration between health sector organizations. Our findings
indicated that collaboration and geospatial data sharing are influenced by the
broad factors availability, necessity, efficiency, collaborations, learning, and
accountability. The positive benefits of collaboration and sharing encourage
organizations to share. For example, an increased use of potentially valuable
information reduces duplication of effort in collecting and maintaining geospatial
data (Salleh & Khosrowshahi, 2010). The exposure of geospatial data to the wider
community of health sector organizations will improve the quality of data, which
in turn will benefit all users.
Similarly, our findings identified five broad impediments to geospatial data
collaboration and sharing, namely lacking resources, poor quality of data,
restrictions, leadership issues, and interorganizational boundaries. The existing
literature and Salleh and Khosrowshahi’s (2010) framework provided a
foundation for developing strategies to investigate the successes and failures of
geospatial data sharing. This framework further helped formulate
recommendations, as well as attributes that health sector organizations should
focus on to improve collaboration and geospatial data sharing. We formulated
three broad strategic recommendations: (1) Establish and harmonize information
policy through government, (2) create a health professional GIS user body for
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collaboration and coordination of activities, and (3) incorporate GIS as courses in
the curriculum of universities dealing with health issues, which should be achieved
through collaborative networks (e.g., an ICNSDI framework). The health sector
should focus attention on both technical strategies and non-technical strategies
(i.e., organizational, policy, economic, legal, and cultural strategies) to optimally
address geospatial data sharing issues. These recommended strategies will not
only help overcome issues concerning geospatial data sharing and collaboration,
but also contribute to the development of an ICNSDI in Uganda. Such an ICNSDI
will improve the availability and utilization of up-to-date health data and
information; decision- and policy-making; the planning, monitoring, and
evaluation of program interventions; monitoring national goals; and measuring
equity in health-service delivery.
Overall, our research contributed to the current body of knowledge by
determining and exploring geospatial data collaboration and sharing in the health
sector, and by formulating strategies for facilitating geospatial data sharing
between health sector organizations, the public, and the GIS community in general.
Our study provides insight in the perspective of geospatial data access,
collaboration, and sharing, which can attract attention from health management
for developing an ICNSDI. Our findings helped identify factors that stimulate and
hinder geospatial data sharing and collaboration. Health management should
address these factors and develop an ICNSDI to ease data accessibility in Uganda.
This will help health organizations in prioritizing funding and planning, because
collaboration and sharing play an important role in addressing data-related
problems (e.g., up-to-dateness, availability, access, completeness, quality,
maintenance, collection, and reuse). Our findings and strategies have great
potential to improve geospatial data and information collaboration and sharing
within the health sector and between organizations using GIS technology, to
support better management of decisions. Our findings agree with Evans and
Stansfield (2003), who highlight that strengthening health information systems
requires a collaborative effort of the health sector related to the sector-wide
solving of health problems.

7.4.3. Assessment Framework for GIS Technology Use Impacts
We used the evaluation framework as a model health required by GIS
professionals to effectively measure the impacts of GIS technology use (DeLone &
McLean, 1992; Nedovic-Budic, 1998, 1999) in the health sector. The framework
enabled us to identify benefits and disadvantages associated with GIS technology
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use for health activities. We used seven broad measuring categories (i.e., system
quality, information quality, information use, user satisfaction, individual impacts,
organizational impacts, and societal impacts) to understand the impacts per
category associated with GIS technology use in the health sector:
1.

2.

3.

4.

5.

6.

7.

System quality.
Measures the information-processing system and is used to assess the
performance of an information system. System quality is the production
of the system which produces information and it is the technical and
production category of the system.
Information quality.
Focuses on the quality of output produced by an information system.
Information quality is the information product of a system.
Information use.
The extent and nature of the use of the output of an information system
for a specific purpose. Information use is the interaction of the
information product with its recipients, the users and decision makers.
User satisfaction.
The degree to which an information system’s users are satisfied with the
system.
Individual impacts.
The effect of information on the behavior of the recipient on management
of decisions. Individual impacts are closely related to and represented by
decision-making performance (i.e., the degree to which the system
supports or improves decision-making).
Organizational impact.
The effect of information produced by an information system on
organizational performance (Aldaijy, 2004).
Societal impacts.
The effect associated with the use of system products beyond the
organization and throughout the community (Clapp et. al, 1989). The
societal impact can be called equity or empowerment or democratization
impact of GIS technology “on the nature and extent of participation by
citizens and organizations in decisions about [services] and resources.
The context of [societal impacts] is the full array of public and private
policy, plans, decisions, and actions throughout the community where
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[services] and resources are determined” (Tulloch & Epstein, 2002;
p.202).
The impact categories helped us determine the effectiveness and efficiency
associated with GIS technology use for solving health and health-related problems
(e.g., interactions among stakeholders, particularly regarding in coordination and
control of interventions). In addition, GIS technology guides health sector
decision-makers in “understanding the relationship between location and health
services [to help] can greatly assist us in disease prevention, [management, and
control,] and in better service planning, with more efficient and effective resource
utilization” (Boulos, Roudsari, & Carson, 2001; p. 218).
We adapted our impact assessment categories from DeLone and McLean
(1992) and from Nedovic-Budic’s (1999, 1998) framework, and borrowed from
the urban-planning discipline. We used the framework to develop assessing
criteria of GIS technology use impacts, and to categorize out the benefit or
contribution of each measuring category for the health sector. We adapted DeLone
and McLean’s (1992) and Nedovic-Budic’s (1999, 1998) framework in our study
as is a strong and well-developed framework for measuring GIS impacts, because:
•

•

•
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The framework is based on Shannon and Weaver’s (1949) communication
theory that consists of information source (sender), transmitter, noise,
channel, message, receiver, and information destination. This theory
demonstrates that information in communication systems can be
measured at different levels (i.e., technical, semantic, and effectiveness).
The technical or production level is the accuracy and efficiency of the
system producing the information; semantic conveys the information to
meaning that is sent and received (product); and the effectiveness or
influence level is the effect of the information on the receiver and on the
system (DeLone & McLean, 1992).
The framework provides a multidimensional approach for independent
variables of information systems success based on theoretical research by
DeLone and McLean (1992) on 180 articles about information-system
success.
According to DeLone and McLean (1992), there is not one success
measure, but there are many measures of IT (including GIS) which fall into
the seven broad categories for assessing GIS impacts used in this study.

The framework’s categories (factors) can be used to measure GIS
effectiveness, and understand positive (benefits) and negative (disadvantages)
outcomes in each of the assessment categories that represent impacts of GIS
technology use. Thus, the assessment of the impacts of GIS technology use is
important, because it gives a clear picture of what constitutes GIS impacts, it
provides feedback for wider adoption and adaptation of GIS technology to the
needs of health organizations, it contributes valuable information to guide the
development in GIS technology, and facilitates efforts in GIS implementation in
both public and private health organizations (Nedovic-Budic, 1998). Without
feedback, we would not know if the users and intended users understand GIS
technology. Similarly, the framework and taxonomy of impacts are useful for
guiding future research efforts in geosciences and health, because it provides a
more empirical view of GIS impacts than other, more theoretical, approaches. Our
empirical findings combined with the literature review shows areas where work
has been done, so new studies can be designed accordingly.
In Uganda, the adoption and use of GIS technology in health sector
organizations has created a debate about the financial implications and
advantages of GIS technology use, because the country is crippled with the yearly
increase in HIV/AIDS spread and sudden outbreaks of Ebola, cholera, typhoid, and
Marburg viruses. Health professionals see these outbreaks as priorities. The
problem issue revolves around the expenses involved in GIS development, data
management, acquisition, and daily maintenance. Even though health
organizations are reported to be using GIS technology, most GIS activities are
donor funded and therefore short-lived. Our findings showed that lack of funding
is one of the main hindrances to GIS adoption and implementation. Many of our
participants indicated that the health organization they belonged to cannot afford
to purchase equipment, and to maintain GIS technology. A limitation of our
research is that we have not conducted a cost-benefit analysis on financial aspects
of GIS implementation (e.g., as a justification of technology acquisition). Such an
analysis could offer an understanding of what health professionals need and want
from the new technology, what they are getting from it, and how they are impacted
by it. As highlighted by Nedovic-Budic, keeping pace with technology is a vital
venture to follow, because GIS technology is here to stay and diffuse among
different organizations. Our research showed possible impacts, but it did not show
at which point possible impacts can actually be realized, because GIS adoption
affects organizational functions and processes.
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In general, GIS-using organizations (Uganda inclusive) have proceeded with
the acquisition and use of GIS technology, regardless of results from assessment
and investment research (Nedovic-Budic, 1998), so our research was vital for
filling the knowledge gap in the field of GIS concerning assessment studies and the
assessment frameworks to guide research in the health sector. Several
frameworks can be used to assess impacts of GIS technology use, but none of these
frameworks have been developed to specifically deal with technological
assessment in the health sector. As indicated by Nedovic-Budic (1999), most of
these frameworks can be used as useful measures of GIS impacts in any sector. Our
assessment of impacts was intended to start the transformation of the generic
frameworks to one that is applicable to understanding how GIS technology affects
activities in the health sector. Overall, our findings indicated that each
measurement category had several contributions of benefits and disadvantages
associated with GIS technology use in health sector organizations. Table 7.4 shows
a summary of the seven-category assessment framework and its specific
measuring criteria that can be used for assessing impacts of GIS technology use in
health sector organizations and health sector situations. Our findings showed that
the benefits of GIS technology use in health sector organizations outweigh the
disadvantages.
Our assessment of GIS technology use helps health sector organizations
understand the nature of GIS impacts, both positive and negative, to enhance its
use. The assessment exposed benefits and disadvantages encountered by GISusing organizations in the Ugandan health sector, which helps health professionals
of non-GIS-using organizations understand the best practices for enhancing the
adoption, use, and implementation of the technology. Overall, every broad
measuring category of the framework had a specific contribution of benefits and
challenges. The assessment framework helped us categorize the impacts into the
broad categories, and added value in developing a framework for assessing GIS
effectiveness. So far, only few studies have assessed GIS effectiveness.
In addition, as Nedovic-Budic (1998, 1999) highlighted, carrying an
assessment in the context of particular organizations and their GIS applications
promises a better understanding and insight into the ways GIS technology is
incorporated and used in the planning and decision-making process in
organizations. The knowledge gained from the assessment will contribute to more
effective implementation of GIS technology, to targeted applications, to adaptation
between technology and organizational settings, to further technological
developments, and towards ensuring desirable impacts of the technology.
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Our research gave rise to the question whether GIS technology can and will
transform health sector administration if adopted. It also provided evidence that
GIS technology use can cause a redistribution of power, and restructure
interaction patterns in health sector organizations (Mennecke, 2000; MOH, 2012).
For instance, Mennecke (2000), highlight that:
“As GIS diffuse into various organizations, they are likely to have significant
impacts on the structure and operation of these organization…., Prior
research on information systems have found that they [information systems
like GIS technology use] can have important and, in some cases, unanticipated
impacts on power, politics, and organizational design…., Davenport et al. (as
cited in Mennecke, 2000) highlight that, Information systems that change
organizational patterns of information exchange or information availability
have the potential to significantly change both the power and political
structures within organizations. Demers and Fisher (as cited in Mennecke,
2000) note that GIS is likely to change the information flow within
organizations and therefore the distribution of power should be expected to
change as well…., Aangeenbrug (as cited in Mennecke, 2000) highlight that as
information distribution patterns change, so too should the form of the
organization. E.g., greater interdepartmental collaboration should be
expected as organizational units are increasingly called on to share data and
other GIS resource” (p.58).
Thus, our research provided evidence that there are many impacts of GIS
technology use for health sector activities. Moreover, GIS technology use can
modify behavior and organizational structures, as can the adoption of any new
technology (Danziger & Andersen, 2002; Mennecke, 2000). Our findings provided
a platform for the continued development of useful concepts. The seven broad
measuring categories of GIS technology use impacts (i.e., system quality,
information quality, information use, user satisfaction, individual impacts,
organizational impacts, and societal impacts) and the specific categories are an
attempt to develop a sound framework for classifying GIS-related impacts from the
health-sector perspective.
In summary, our studies delivered valuable insights in current and potential
GIS activities and in the roles of GIS technology for Ugandan health sector
organizations. Our findings showed a slow adoption within the health sector, and
identified several factors that hinder the implementation and use of GIS
technology within the health sector. It should not be a surprise that health sector
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organizations are experiencing this slow adoption of GIS technology in Uganda.
Danziger and Andersen (2002) highlighted that “from the history of adoption of
other major technologies, it is quite likely that the changes from information
technologies will be pervasive, but will typically be gradual, often restrained, and
lagged in time” (p. 617). Researchers who have studied the diffusion of technology
innovations have noticed that adoption takes place in three stages that follow the
S-shaped curve of technology adoption (Baker & Witham Bednarz, 2003; Longley,
2001; Ventura, 1995), (see Figure 7.1). This is due to technical, organizational,
political, (community) cultural, and economic factors (Ventura, 1995), and
characterized by the behavior of earlier (critical mass occurs) and later (rate of
adoption of GIS) adopters of an innovation. For example, Ugandan health sector
organizations and educational institutions are not exceptional as laggards of
technology adoption. Even though many organizations and individuals have
moved ahead to promote GIS technology use and related classroom technologies,
educational institutions’ and teachers’ adoption of GIS technology use still remains
small (Baker & Witham Bednarz, 2003). According to Baker and Witham Bednarz
(2003), GIS education is still struggling to win a wider audience among those
educators who serve as role models and opinion formers for the majority of
teachers. The authors highlighted that many factors contribute to the slow
adoption of GIS technology, yet one of the hindrances to dissemination of this
innovation has been a scarcity of research on its effectiveness in promoting
significant learning in geography and science.
In a nutshell, our research shows that the future of GIS technology use will
likely expand in adoption, information quality, and power in planning and
decision-making for health sector organizations and the society. According to
Danziger and Andersen (2002), it is reasonable to project additional GIS-based
operational efficiencies (benefits) with computer-supported group work, given
the innovations and developments of more powerful software and hardware
applications, new digital devices, and higher levels of GIS skills among employees.
The authors give the example of a promise that a digital democracy will be realized,
especially if society will have more direct access to crucial information about
political processes and decisions, and more convenient ways to express their
preferences and actively participate in those processes.
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Table 7.4: Summary of assessment criteria and relevance in the health sector context.
Impact category
Assessment criteria for GIS effectiveness
Health sector context for GIS assessment (areas
in which categories and criteria can be used)
System quality
Usefulness of the system’s features and functions: data
Diversity and comprehensiveness of GIS data for
integration capability, convenience of access/data
planning, decision-making, disease surveillance,
accessibility
integration with other information systems,
Easy visualization
suitability for planning, analysis, modeling, and risk
Monitoring and data validation
analysis
Data analysis
Data accuracy
Data currency
Data-storage capability
Usefulness of the system’s features and functions:
system flexibility and user-friendliness (ease of
learning)
Ease of use
Human factors (perception, experience, attitudes, and
communication behavior of staff)
System reliability
System accuracy
System efficiency
Response time
Realization of user requirements
Data availability
Usefulness of the system’s features and functions:
enables integration of systems
Database-contents capability: time to complete a task,
frequency of use, number of GIS functions utilized, error
recovery, security of the data, documentation of system
and procedures, data manipulation, import and export
data
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Impact category

Assessment criteria for GIS effectiveness

Information
quality

Easy understandability, meaningfulness and readability
format
Timeliness of output and saves time
Accuracy and evidence-based information (improved
data access, improved data quality, relevance, format,
completeness of output, reliability of output, currency
of output, clarity of output (uniqueness: presentation
mapping, viewing the map), freedom from bias,
importance, relevance, usefulness, informativeness,
usability, comparability, appearance, content,
personalization, security
Application areas
Nature of use: use for intended purpose: planning
Nature of use: use for intended purpose: type of
information used
Nature of use: research work and reference
Decision-making
Nature of use: coordination and end of evaluation
Policy, decision, and advocacy purposes
Nature of use (type of information, purpose of use):
appropriate use
Level of use (general versus specific)
Motivation for use, voluntariness of use, report
acceptance, recurring use
Amount of use/duration of use: number of inquiries,
amount of connect time, number of functions used,
number of records accessed, frequency of access,
frequency of report requests, number of reports
generated, charges for system use, regularity of use
Use by whom?

Information use
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Health sector context for GIS assessment (areas
in which categories and criteria can be used)
Health management, disease surveillance and
monitoring, planning data collection, analysis, and
decision-making, geospatial and attribute data

Assess the specialized areas in which GIS technology
is applied (disease surveillance: disease modeling,
healthcare research and management: health facility
access, utilization, and planning, risk analysis,
community health profiling, strategic health
planning, fleet management and vehicle and health
commodities tracking, food security and health
nutrition livelihood, health education, advocacy, and
communication, coordination and monitoring
immunization programs, crisis management), tasks
in the planning process (presentations, plan
making)

Impact category

Assessment criteria for GIS effectiveness

User impact (user
satisfaction)

Overall satisfaction: simplification of work: data
collection, documentation, management,
implementations and presentations, information
satisfaction (difference between information needed
and received), quality of work, enjoyment, software
satisfaction, decision-making satisfaction, satisfaction
with specifics.
Decision effectiveness: improved decision analysis (user
participation, training provided to user, top
management involvement, user expectations of GISbased support, communication between users and
technical staff, resource utilization, GIS organizational
position)
Decision effectiveness: shortens time to make decisions
Better decision-making and planning (improved
decision process/analysis, improved provision of
products and services, improved planning,
correctness/accuracy of the decision, confidence in the
decision), information understanding, learning,
accurate interpretation, information awareness,
problem identification, decision quality, decisionmaking participation, improved individual productivity,
change in decision, quality of plans, individual influence
or power, willingness to pay for information, personal
valuation of GIS technology

Individual impact

Health sector context for GIS assessment (areas
in which categories and criteria can be used)
Decision-makers: witness enhanced decisionmaking process
Planners, health/GIS professionals: witness
improved job performance, efficiency and
effectiveness
Administrators: ease management of resources
Society: free access to information, put into plans
and policies

Planning decisions at all levels (staff, administrators,
decision-makers and public)
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Impact category

Assessment criteria for GIS effectiveness

Organizational
impact

Operating cost reductions: cost saving
Cost effective
Service effectiveness
Improves job performance
Effective governance, transparency, and accountability
Identification of gaps and challenges in service delivery
Sharing, collaboration, exchange and partnerships
Evidence-based in-depth analysis
Data communication, presentation, reporting, and
dissemination
Eases monitoring and evaluation, and client follow-ups
(job satisfaction and enrichment)
Reductions in data duplication: cost saving
Product quality: reduces manual work and datacollection time (increased work volume)
Program/activity coordination and networking
(enhanced efficiency in operations: overall productivity
gains, contribution to achieving organization goals, staff
reductions and substitutions, improved managerial
control of subordinates and processes, time-saving
measures, facilitates communication and engagement
among stakeholders (improved
coordination/cooperation between organizations),
private-public sector interactions, organizational
control and power, changes in internal operations of
organizations, improved productivity, improved
organizational performance, improved data access),
number of critical applications, increased revenues,
increased sales, increased market share, increased
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Health sector context for GIS assessment (areas
in which categories and criteria can be used)
Efficient handling of information, increased
productivity, public service, quality of decisionmaking and policies

Impact category

Assessment criteria for GIS effectiveness

Health sector context for GIS assessment (areas
in which categories and criteria can be used)

profits, return on investment, return on assets,
increased work volume, product quality
Societal impact
Equity: equal resource allocation to the right
Community development, capacity building,
communities
empowerment, public participation, access to
Citizen-public sector interactions
information, healthy and prosperous communities
Community engagement
Improved data access and availability for both health
workers and citizens
Reduces unemployment and creates employment,
facilitates citizens to gain access to service providers,
provides ability to target services to appropriate
citizens/clients, Improved responsiveness of
government units to citizens’ specific needs, citizencitizen interactions, citizen privacy (protection of legal
rights), improved standard of health, safety and wellbeing
Source: GIS assessment criteria adapted from DeLone and McLean (1992) and Nedovic-Budic (1999)
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Figure 7.1: The S-sharped curve of technology adoption
Our research also identified disadvantages that hinder a wider
adoption of GIS technology and related technologies in the health sector,
namely lacking resources, poor quality of data, restrictions, leadership issues,
and interorganizational boundaries. Firstly, many disadvantages of GIS
technology use concern financial resources to establish, buy, and maintain
the infrastructure, to renew the software license yearly, and to continuously
train staff. Secondly, the working environment of the technology requires
staff expertise and the availability and up-to-date shape files (data sets) to be
able to make evidence-based decisions. Thirdly, disadvantages of GIS
adoption concern standards of health, safety, and well-being, the protection
and improvement of patient privacy, job satisfaction, and the protection of
legal rights. Thus, conducting such research on impacts (disadvantages) is
vital for encouraging the growth of and communication among the
international community of scholars examining the impacts of GIS technology
use on the health sector (Danziger & Andersen, 2002). GIS technology is
becoming easier to use, more powerful and cheaper, and health organizations
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are using the technology, especially the donor community. Moreover,
developmental partners are currently promoting and helping other
interested players to use GIS technology. This should lead to better health for
individuals through improved medical care, and for the community through
carefully targeted public health interventions.
It is important to note that the impact framework is not without areas
for improvement. For instance, some specific impact categories overlap,
because an impact sometimes falls into more than one broad measuring
category (e.g., the specific category data currency can fall under the broad
categories system quality and information quality; simplification of work can
fall under user satisfaction and organizational impact; and staff reduction can
fall under organizational impact and societal impact). Another issue is that
some specific impact categories are not easily classified within any of the
seven broad measuring categories (e.g., the impacts of GIS technology use on
the competition among health sector organizations). However, the seven
broad measuring categories and the specific categories enabled us to classify
and discuss the empirical findings within a helpful framework and taxonomy.

7.5. Reflection on Methodology
In our research, we employed a qualitative research method through an
embedded case-study research design to collect data through semistructured and in-depth interviews, unlike some other design research where
the problem is identified by conducting a feasibility study or a situationalanalysis study. According to the online web-based Copyright©2007-2011
business dictionary, situational analysis is “a systematic collection and
evaluation of past and present economic, political, social and technological
data aimed at identification of internal and external forces that may influence
the organization’s performance and choices of strategies, and assessment of
the organization’s current and future strengths, weakness, opportunities and
threats (SWOT analysis)” (Luthra & BusinessDictionary.com Team, 2007).
However, according to Kumar (2005), going through the exiting literature is
vital for the researcher “in order to acquaint yourself with the available body
of knowledge in your area of interest [study]. The literature review is an
integral part of the entire research process and makes a valuable contribution
to almost every operational step, ….; in the initial stages of research it helps
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you to establish the theoretical roots of your study, clarify your ideas, and
develop your [research] methodology” (p. 30). In addition, Kumar highlighted
that a review helps the researcher to enhance and consolidate knowledge,
and to integrate study findings with the existing knowledge, because the aim
of conducting a research is to compare and integrate empirical findings with
earlier existing research knowledge. For instance, the literature revealed that
even though GIS technology was available in organizations, had many
benefits, and was used for different broad-purpose and thematic health
activities, the technology’s uptake in health sector organizations was low. On
the other hand, several case studies were conducted to find out if the
increasing GIS technology use in various activities in healthcare research and
planning was successful in South Africa (Tanser, 2006a), and to investigate
the geographic and temporal distribution of tuberculosis in Africa to
determine high-risk areas (Uthman, 2008). Such studies could also be
conducted in Uganda to identify geospatial and temporal patterns in
tuberculosis distribution and to develop control strategies.
Similarly, case studies are commonly used in studying social
phenomenon through thorough analysis of an individual case, such as
individuals, communities, societies, organizations, or any other unit of social
life (Kumar, 2005). According to Yin (2009), case studies are a commonly
used method to answer how or why questions, where the researcher has little
control over events and the focus is on the contemporary phenomenon
extensiveness within a real-life context.
The design of our research can be called an embedded case-study
design, because it involved understanding GIS technology use in the health
sector as the main unit as a whole, and different categories of individual
members of health organizations as smaller units (Yin, 2009). According to
Kumar (2005), a case study provides an opportunity for intensive analysis of
specific details that are often ignored by other methods, and generalizations
can be made that will be applicable to other cases of the same type. Likewise,
we followed an explanatory case-study research design on a qualitative
dimension to determine if the use of GIS technology in health sector
organizations is a feasible and effective approach for planning health
activities, decision-making, and solving health problems in Uganda.
Characteristics identified for qualitative case-study design research
are its flexible research design, its iterative, cyclical approach to sampling,
transferability (Marshall, 1996), and its descriptive and inferential nature
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that is often seen as soft (Gillham, 2000). It focuses primarily on evidence of
what participants tell the researcher, that enables the researcher to
understand the meaning of what is going on and what to do. According to
Gillham (2000), descriptions and inference are also needed in scientific
research (e.g., statistical results require to be described and interpreted). The
author highlighted that “‘facts’ do not speak for themselves - [but need]
someone to speak for them” (P.10). Other characteristics of qualitative
methods were presented by Gillham (2000). These characteristics justify the
qualitative approach for our research:
•

•

•

•

Human behavior, [the] thoughts, and feelings are partly determined by
their context. If you want to understand people [participants’ opinions
and views] in real life, you have to study them in their context, and in
the way they operate;
‘Objective’ research techniques - [that is] abstracted, [and] controlling
– can produce results that are artefacts of the methods used. This
enables researchers to produce results that are artefacts, facts, or truth
for the people or organizations concerned in the practice of real life,
because the researcher will be interested in looking for evidence,
understanding, and theory making or explaining the results
theoretically;
How people behave, feel, [and] think can only be understood if you get
to know their world [by getting to know their opinions and views] and
what they are trying to do in it [with the technology in this world]
(p.11-12);
Helps the researcher build upon or modify existing theories
(explanations) or start creating an evidence-based theory from scratch
from the actual data collected from organizations or individuals. This
guides the generalization aspect of understanding how organizations
or individuals work in case-study research. This can be used by other
researchers (Gillham, 2000).

In the research described in this dissertation, we used the uses of GIS
framework (Shaw, 2012), the geospatial data sharing framework (Salleh &
Khosrowshahi, 2010), and the GIS technology assessing framework (NedovicBudic, 1999) to disclose the contribution of each of the components of the
intervention of GIS technology use in Ugandan health sector organizations.
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These frameworks helped us identify the multipurpose and thematic
activities, motivation for using GIS technology, deciding factors contributing
to geospatial data sharing and collaboration, and the impacts of GIS
technology.
Gillham (2000) highlighted that one of the primary advantages of
qualitative methods is that it lights up issues, which results in explanations
and eventually, in searching into meanings just like any other research.
Qualitative methods guide researchers in investigating situations where little
is known about what is there or what is going on (e.g., in an organization). As
Gillham (2000) put forward, “scientific researchers, before they run their
experiments, will often engage in qualitative-style investigations which lead
to ideas about what modifications could be made to existing theory or how
different results from those in the existing literature could be obtained” (p.
10). Other advantages are the following:
•

•

Helps to carry out an investigation where other methods (e.g.,
experiments) are not practicable or not ethically justifiable; helps to
investigate situations where little is known about what is there or what
is going on. More formal research may come later; helps to explore
complexities that are beyond the scope of more controlled approaches;
Helps to ‘get under the skin’ [complexities] of a group or organizations
to find out what really happens, to get the informal reality which can
only be perceived from the inside to get the truth; helps to view the case
from the inside out: to see it from the perspective of those involved;
guides to carry out research into the process leading to results (for
example how reading standards were improved in a school) rather
than into the ‘significance’ [importance] of the results themselves
(Gillham, 2000; p.11).

Through a qualitative research method, we were able to identify the
current situation of GIS technology uses (i.e., understand the reality and truth
of participants’ opinions and views on their understanding, GIS awareness,
level of training, and training sources), participants’ reasons for using GIS
technology and the challenges they were facing in GIS technology use, and
deciding factors for geospatial data sharing and collaboration. The method
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enabled us to design strategies that addressed the challenges they were
encountering.
We derived our categorization of factors that contribute to GIS
technology non-use from Sipe and Dale (2003) and Taleai and Mesgari
(2005). Similarly, we derived our categorization of factors that hinder
geospatial data sharing and collaboration from Salleh and Khosrowshahi
(2010), and we derived our categorization of GIS technology use impacts
from Nedovic-Budic (1999, 1998) and DeLone and McLean (1992). Our
research was context based and intended to increase awareness and
sensitization in the adoption and continuous use of GIS technology in
Ugandan health organizations.
We assessed the effectiveness and efficiency of GIS technology use in
health sector organizations through an impact study that was conducted after
the introduction of the GIS technology in those organizations. Our research
provided information about benefits and disadvantages associated with the
use of GIS technology in the health sector after its adoption.
A limitation of our study was that we did not have adequate time to
triangulate our methods and also use a quantitative survey method. As a
result, we could not apply the theory of planned behavior (Ajzen, 1991) to
determine how health sector employees behave towards the adoption of GIS
technology. This would have enabled us conduct a Likert-type survey to test
out emergent themes, and to distribute the survey to a stratified random
sample of the identified participants of GIS-using organizations. Thus, there
is a chance that this would have given us a different perspective of the views,
opinions, and understanding about GIS technologies, of the factors that
stimulate or hinder geospatial data sharing, and of associated impacts of GIS
technology use.
As highlighted by Gillham (2000), different methods have different
strengths and different weaknesses. If the data agree, then the researchers
can reasonably be confident that they are getting a true picture, and if the
data do not agree, then the researchers have to base their understanding on
any one set of data (method). However, that does not mean that one set of
data is wrong. It means that the outcome is more complicated than we
expected. Thus, we did not have chance to use several methods
(triangulation) to validate the results and possibly show weaknesses in the
results obtained by our chosen method. Gillham (2000) highlighted that “a
common discrepancy is between what people say about themselves and what
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they actual do. In an interview some people can be very convincing, because
they are sincere. But Chesterton (as cited in Gillham, 2000) highlight that
‘people are never more mistaken about themselves than when they are
speaking sincerely and from the heart’. They are not lying, they are just not
accurate. In a sense they don’t know themselves” (p. 13). For example, our
health sector participants expressed high knowledge and satisfaction in GIS
technology use in their jobs. The logical next step would be checking whether
the staff turnover and experiences validated that, but unfortunately, we did
not have enough time to do so.

7.6. Recommendations for the Adoption of GIS
The most vital benefit of GIS technology is its capability to integrate large
quantities of data collected by different organizations, people, or individuals
for different purposes. This makes GIS technology appropriate for different
types of health applications (e.g., disease prevention and control, resource
allocation, operation of organizational day-to-day activities, management,
planning, and decision-making) that often require the integration of
information from different sources and data formats. Similarly, GIS
technology offers unique opportunities for GIS professionals in the health
sector to manipulate and present their information in multiple ways. GIS
technology facilitates new avenues of exploratory geospatial data analysis
that were previously not feasible (Graham et al., 2011). Furthermore, it
enables the integration of data collected by different tools (e.g., global
positioning systems, cameras, telephones, websites), which increases the
communication capabilities of those involved in decision-making.
Health managers, decision-makers, and planners are normally faced
with the challenge of making decisions about the allocation of scarce
resources. The decision-making process is a complicated phenomenon that
requires data and information from various sources and stakeholders
(Mennecke & West, 1998). Decisions made without adequate, timely, and
reliable data are normally ad hoc, irrational, and, in most cases, politically
motivated (Karatunga, 2002). The outcome of such decisions rarely meets the
expectations of the intended beneficiary. However, health managers and
decision-makers can use GIS technology as a geospatial decision-support tool
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to utilize the chunk of information available in geospatial data for effective
decision-making.

7.7. Recommendations for Practice
This dissertation proposes general recommendations for improving the
adoption of GIS technology use. This would guide effective and equitable
distribution of health facilities and services in the Ugandan health
infrastructure, both in the present and in the future. The recommendations
are meant to encourage health sector organizations that have not yet adopted
GIS technology, and to generally promote the successful implementation of
GIS technology in the health sector in Africa at large.
Our findings indicated a slow adoption of GIS technology use in
Ugandan health sector organizations. This is in line with what is stated in the
literature; that the adoption of new innovations normally tends to occur in
three phases described by an S-shaped curve of adoption over time (i.e., early
adopters, late majority, and laggards; Ventura, 1995). The slow adoption
pattern in Ugandan GIS-using health organizations is especially due to a lack
of awareness and appreciation of GIS technology, a lack of available digital
health and associated attribute data sets, privacy and confidentiality
restrictions, a fear of competition, and different data formats that complicate
data integration. Our findings and the literature show that there is limited
access to data, especially about health statuses and health outcomes for
individuals and small areas (McLafferty, 2003). Thus, when awareness and
sensitization about GIS technology has been created, and GIS is known and
accepted, then its adoption will take place at a rapid rate until only a few
laggards remain without it.
As highlighted by Ventura (1995), the adoption process has been
witnessed in computer-based technologies, and GIS technology is taking the
same arrangement. The uneven adoption of GIS technology in the health
sector is a result of various structural barriers (McLafferty, 2003). Our
findings and the literature show that in order to improve the adoption of GIS
technology in Ugandan health sector organizations to support real-time GIS
health applications, the following measures have to be taken into
consideration:’
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•

•

•
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The health sector should first conduct a needs assessment that
defines the purposes of a nationwide GIS implementation across
health organizations, and develop a clear GIS business plan that lists
the required information output and ways of using GIS technology
for each health condition, responsive to GIS processing within the
health sector (Boulos, 2004). As highlighted by Tomlinson (1987), a
GIS needs assessment should be carried out to target people who are
responsible for implementing GIS technology in their organizations.
However, such an assessment is usually stopped once the system is
initiated (Budić, 1994; Tomlinson, 1987). A successful GIS adoption
and implementation is achieved by coordinating efforts relating to
applications, trained personnel, government involvement, and the
development of a source of independent advice (Tomlinson, 1987).
The government of Uganda should create awareness and
sensitization through GIS professionals, for the need of GIS
technology use for health sector activities in connection with IT
policy, which the government knows as a backbone tool for
development. The Ugandan IT policy focuses on the promotion and
awareness of wide IT use in several sectors Ministry of Information
and Communication Technology (MICT, 2012). Therefore, health
sector organizations should work hand in hand with the Ministry of
Information and Communication Technology, with policy principles
that recognize using new innovations in the IT era to move with the
trend of globalization.
Raising awareness and sensitization should be done on the
accessibility of geospatial data by showcasing innovative
developments of GIS technology, best practices, and working models
of successful organizations (both local and international). This could
be achieved through organized and practical demonstrations in
conferences, seminars, workshops, and media outlets using different
GIS software and associated technologies that have been used for
health activities. As suggested by Boulos (2004), awareness-raising
activities and campaigns should focus on practical, real-world GIS
scenarios and examples to reach out to policy and decision-makers
in the health sector and the community at large.
The international developers of GIS software should collaborate and
have partnerships with health institutions of high learning to

•

•

collectively develop applications and products for health. This could
bridge the knowledge gap. Furthermore, free software licenses
would create avenues of continuous training programs for more GIS
professionals who would then less likely study abroad. The training
programs should be updated regularly to cover epidemiological
methods for GIS technology use in health activities, and best and
current findings from GIS research that link academia and research
groups to real-world practice (Boulos, 2004).
The government and GIS professionals should facilitate the transfer
and sharing of GIS knowledge and experiences, by conducting mediaoutreach activities (e.g., advertisements and public announcements
that highlight accessible GIS products).
Health sector organizations should stop apportioning GIS non-use to
high implementation costs, because there are open sources [e.g.,
GRASS, Diva-GIS, ESRI, QGIS, Healthmapper, SPRING, Flowmap, uDig
GIS, and TNTLife] (Shaw, 2012) that can be used to guide planning
and decision-making. GIS technology is the way forward, because
health-service delivery requires geospatial data on populations per
administrative units, equitable health-resource distribution,
household accessibility, service utilization, and treatments (out- and
in-patient treatments on different types of diseases; McLafferty,
2003).

As suggested in Chapter 4, geospatial data sharing and collaboration
are a solution to lacking geospatial data. The government should develop a
national health ICNSDI as a one-stop center for all geospatial data sets. The
ICNSDI should function in real time, and all data producers and users should
have free access, but with strict restrictions that guide the usage of the
system. As known, SDIs comprise people and organizations that produce,
maintain, and make accessible the foundation data sets/layers that enable the
custodians of other data sets to link their data to the foundation/core data
sets (Boulos, 2004). Even though countries develop their SDIs differently due
to different administrative, cultural, economic, and financial bases, the
Ugandan health sector can learn from and borrow their developmental
approach for the foundation layers/data sets for health geospatial data and
the information infrastructure from the United States of America, especially
from the Primary Care Services Area Project (PCSA Project) and Hospital
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Service Area data layers provided by the Dartmouth project that was valued
best by Boulos (2004).
As cited in Boulos (2004), “the PCSA Project builds upon the hospital
service-area approach that was successfully employed by Dr. John Wennberg
and colleagues to produce the Dartmouth Atlas of Healthcare series
http://www.dartmouthatlas.org/” (p. 43-44). The project database contains
data attributes of interest to US health policymakers at different levels (i.e.,
data by region, data by hospital, data by topic, tools, and key issues, such as
Medicare spending). It also contains data attributes of interest to researchers,
about US primary healthcare resources, population, utilization, and
associated outcomes compiled and presented in newly developed units of
analysis, the primary care service areas, and related to other geopolitical
regions (Boulos, 2004; Goodman et al., 2003). Boulos (2004) and Goodman et
al. (2003) highlighted that the PCSA Project’s and Hospital Service Area’s data
layers are geospatial data foundation layers. Other US health data are often
collected and maintained locally, and are valuable after they have been linked
to the foundation layers.
Thus, geospatial data sharing must be systematic, regular, and with
agreements that address confidentiality, privacy, security, custodianship,
reuse, redistribution of data to any health organization, data should be
allowed to be used in research (Boulos, 2004), and metadata (GIS data
policy). In addition, data collection should be uniform, have specifications for
update frequency, and should be allowed to be disseminated in different
emergency and non-emergency situations, and for other purposes than those
for which the geospatial data were initially collected. In general, to improve
GIS technology adoption and data sharing, the health sector should follow the
International Organization for Standardization’s standards for geographic
information management (i.e., ISO 19110-19115, 19131, 19135, 19127, and
19138) that include: methodology for feature cataloguing, spatial referencing
by coordinates, spatial referencing by geographic identifiers, quality
principles, quality evaluation procedures metadata, data product
specifications, procedures for item registration, geodetic codes and
parameters, and data quality measures (International Organization for
Standardization/Technical Committee 211 [ISO/TC 211], 2009).
GIS technology adoption in the Ugandan health sector should also
follow a combined top-down and bottom-up incremental implementation
approach. According to Boulos (2004), a series of small successes, carefully
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built upon in an incremental manner over time, results in longer-term
solutions. The author highlighted that the wider vision of a health geospatial
data and information infrastructure can be progressively and incrementally
achieved through disparately funded and managed short-term projects, as
long as they create a useful and lasting contribution towards this wider
vision. He added that short-term, bottom-up projects can feed valuable
experience into the formulation and revision of the relevant policies and
strategies, if these created a proof of concept and benefits. Thus, such shortterm projects can also be used to increase and continue political support for
the wider vision, and to further secure or continue funding towards achieving
a health geospatial data and information infrastructure.
Ugandan health organizations should look at the three sets of
standards published by the US Center for Disease Control and Prevention
(CDC) National Public Health Performance Standards Program (NPHPSP) and
their associated assessment instruments (i.e., the state public health system
assessment instrument, the local public health system assessment
instrument, and the public health governing entity assessment, the CDC
implementation toolkit (CDC, 1994), and the NPHPSP’s essential public
health services fundamental framework for NPHPSP instruments. The
NPHPSP provides a framework to assess the capacity and performance of
public health systems and public health governing bodies, and helps identify
areas for system improvement, strengthen state and local partnerships, and
ensure that a strong system is in place for addressing public health issues.
The Ugandan health sector should take advantage of the fundamental
ICT policy framework to collaborate with the National Information
Technology Authority Uganda (NITA-U) that is implementing the national
backbone infrastructure and e-Government infrastructure (NBI/EGI)
projects to ensure the availability and adoption of ICTs to all across the
country (National Information Technology Authority Uganda [NITA-U],
2015). This should also ease the connection with major health facilities. The
projects focus at:
•

Building a National Data Transmission Backbone (NDTB) that
connects all major towns and neighboring countries through an
optical fiber network that ensures high bandwidth in all major towns
at a realistic rate;
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•

•

An electronic government infrastructure project that is designed to
connect ministries and government departments in the eGovernment network infrastructure to provide services, such as data
exchange, Internet access, voice -over Internet protocol (VoIP), and
videoconferencing. In addition, NBI/EGI projects are designed to
reduce the cost of business operation and public administration in
government, and the need for officials to collect field data or
commute for meetings. The projects are also designed to increase
data and information access and sharing, and to improve
communications between government organizations, the delivery of
services within government and to society, data storage, and
retrieval and processing;
The District Business Information Centre (DBIC) project, that is
designed to promote affordable and timely access to ICTs in rural
areas, in order to improve the exchange of information and
experiences among government officials, the society, and
international communities through the Internet and other ICT
services (e.g., desktop computers, telephones, faxes, trained ICT
personnel) and a sustainable one-stop information center. So far, the
project has established six DBICs project sites as a step towards
extending computer usage to the rural communities. The eventual
target is rolling out DBIC activities in all Ugandan districts.

Thus, health sector organizations should get connected and benefit
from the projects to have a reliable Internet environment with adequate
bandwidth. This will help these organizations manage their activities and
protect health geospatial data.
Furthermore, the health sector should collaborate with the Uganda
Communications Commission to utilize the already established
telecommunication policy (MICT, 2011). This policy was made after the
Ugandan government realized that communication technology plays an
important role in national development, and is meant to ensure optimum
utilization of communication services. The policy recognizes that
developments in communication technology will see the convergence
between voice, data, video, and text: (i) “promotion and regulation of publicprivate partnerships in the development of telecommunications
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infrastructure and services….; (b) the provision of a robust, cost-effective,
broadband telecommunications infrastructure [countrywide]…., (c)
promotion of rollout of telecommunications infrastructure and affordable
basic and value added services that will enable sustainable human
development…., (d) promotion of the utilization of telecommunications
infrastructure and services by the public by making them affordable….; (e)
establishment of e-government to promote good governance and to promote
human resource capacity development in the telecommunications sector
[and improve efficiency in public administration]….; (f)…..ensure equitable
and affordable access to telecommunication services for all the citizens of
Uganda”(MICT, 2011, p4 -21).
Similarly, the Rural Communication Development Fund (RCDF) policy
was made in 2003 and has been administered since, as a universal service
fund for communications in accordance with the RCDF policy (2003–2008)
and the Uganda Communications Act of 1997 (Uganda Communications
Commission [UCC], 2009). The “RCDF project was undertaken by UCC and
aims to effect communication interventions in areas that are underserved
with the overall goal of ensuring that those underserved areas get access to
communication services that are comparable to those in the served areas”
(UCC, 2009, p.1). The general policy objectives of the RCDF implementation
(2003–2008) were the following:
1.
2.
3.

Provide access to basic communication services within a reasonable
distance to all the people in Uganda.
Ensure effective utilization of the RCDF to leverage investment in rural
communication development.
Promote ICT usage in Uganda (UCC, 2009, p.5).

In addition, the second phase of the RCDF project that was based on
the RCDF policy (2010/2011–2014/15), began in 2010 with the following
broad policy objective:
Enable equitable access to and effective utilization of innovative
communication-enabled services that support the attainment of
Uganda’s development goals (for all people, especially those in rural and
other underserved areas, both male and female (UCC, 2009, p.23); and
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Specific objectives:
1.
2.

3.

Improve information management in governance and the delivery of
social services.
Increase ICT awareness and national ICT literacy, and provision of
broadband connectivity, especially with respect to education
institutions and health ICT facilities that provide support to the
Ministry of Health, to enhance usage of ICTs in government and healthservice delivery in the country.
Expand coverage of the first RCDF interventions in order to attain the
world summit of information coverage of the target for access to basic
information and communication services (UCC, 2009, p.24).

Therefore, the health sector should take advantage of the existing ICT
and health policies, and the rapid growth of handheld mobile technologies
(e.g., global positioning systems, digital TVs and cameras, radios, cellular
telephones/smartphones, tablets), wireless communication technologies
(e.g., Wi-Fi, Bluetooth), satellites, and radio-frequency identification readers
to improve and address health problems from different levels of health
facilities to effectively serve the communities. For instance, these
technologies have made it easy for the world to become a global village and
in the future, it will become difficult to do without them. The Internet is a
commonly used technology that can even be used on smartphones and it is
becoming hard to find a phone without it (e.g., radio stations are becoming
predominantly used and its penetration is widely spread in remotely rural
areas in Uganda). These technologies can be used to improved
communication of information in rural Ugandan areas.
These technologies are dynamic and keep improving, because our
demands and needs for these technologies keep changing. The technologies
can be used to accomplish various tasks in our lives and can be applied in
various health sector activities. Thus, the decentralized Ugandan health
system that consists of the district health system (i.e., communities, village
health teams, health centers, general hospitals, regional referral hospitals,
and national referral hospitals) can utilize these technologies for
collaboration and sharing of experiences, knowledge, data, and information.
Even though the Ugandan policies on ICT adoption, access, and use are
very clear and in black and white (consisting of the Uganda Communications
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Act (UCA, 1997), the national information technology authority Uganda Act
(NITA-U, 2009), the RCDF policy [2003–2008 and, the RCDF policy
[2010/11–2014/15] (UCC,2009), the telecommunication policy (MICT,
2011), and the information technology policy for Uganda (MICT, 2010)),
these do not bear direct provisions, and accusations are made against the
policies for giving post-hoc attention to GIS technology use under the general
legislation. Our research showed that many gaps still exist in addressing
specific health issues, so laws and policies should be formulated and
amended. The existing IT and data policies should be reviewed to include GIS
technology components that clearly state what it encompasses and who
qualifies for GIS technology adoption. This would help address cybercrime
and misuse of health data, and promote accessible GIS equipment and related
services.
Our research showed that human factors (i.e., staff perceptions,
experiences, attitudes, communication, and behavior), organizational factors,
and management factors may hinder GIS adoption. Furthermore, the most
significant determinants of employee willingness to use new GIS technology
are perceiving relative advantages of GIS technology, previous computer
experience, and networking (Nedović-Budić & Godschalk, 1996). Thus, to
effectively use GIS technology in the health sector, the organizational staff
should be exposed to GIS technology to gain experience and expertise in
handling GIS health tasks and analyzing the related data. More networking,
skills, and expertise can also be gained through networks of GIS users from
international communities and both local and higher levels of health
organizations. These will then be encouraged to participate in joined-up
working, share expertise and experiences, establish contacts and trust, and
raise awareness of the types of data sets held by different organizations
(Boulos, 2004).
Health sector organizations should focus on a more holistic approach
that comprises not only technical issues, but also organizational, political,
social, and economic issues at all levels of service delivery. For example, the
United Kingdom National Health Service initially only realized a limited
adoption of GIS technology use, because they only focused on a single
surveillance application issues of processing data. Their secondary, more
holistic approach was more successful, because they focused on
organizational, political, and technical issues at different local, national,
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regional, and global levels, and eventually developed an SDI to process realtime data for health planning, promotion and protection (Boulos, 2004).
The government should encourage health private organizations to use
GIS technology by enacting a GIS policy that allows reuse and sale of data after
value has been added. On the other hand, private sector should be involved
as a central ICNSDI player from the outset, provide a realistic vision, secure
political leadership and support, and coordinate the many ICNSDI
stakeholders (producers and users) and activities.
The government should allocate sufficient financial resources to invest
in training people, in retaining technical expertise and GIS technology plus its
associated tools for digital-data management and storage, and in
communication and networking infrastructure improvements.
On the important issue of data security and confidentiality,
researchers have already described how the Ugandan health sector can
pursue confidential data protection while still allowing analysis and reliable
results. Boulos (2004) recommended the following solutions:
(a) The use of statistical and epidemiological methods to mask the
geographical location of data in a way that can still permit meaningful
analysis, e.g., special types of spatial and temporal aggregation of data;
(b) the development and use of software agents and health system
resident components that can process an analysis request and return a
result to the data user without exposing any individual-level health data;
(c) the creation of secure networked environments with limited and
multiple levels of access (to confidential data) in which public health
researchers can be carefully monitored to ensure protection of individual
and household confidentiality; (d) the development, publication and
strict enforcement of appropriate, unambiguous policies and
regulations; (e) best standards, specifications, rules, designs and
practices (covering geospatial metadata, geocoding, accessibility for
visually and manually impaired data users, and data access restrictions
among other things) must be created and agreed upon and published for
uniform Internet-enabled GIS services (p. 46).
Boulos adds that system and infrastructure stakeholders should be
involved in the development of appropriate data models for various
applications in order to enable data selection and integration, and to ensure
a common understanding of data.
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7.8. Recommendations for Policy
The Ugandan health sector should develop GIS technology policies in
consultation with all stakeholders in both private and public health sectors,
with the aim of fostering the development of GIS technology as an industry.
The policy should be focused on the following issues:
1.
2.

3.

4.

5.

6.

7.

8.

Develop a harmonized national GIS infrastructure that provides
equitable access to data and information;
The developed infrastructure should cater for capacity building to
develop a mass of GIS human resources at all levels to meet the
expertise of handling geospatial data;
Promote widespread use of GIS applications in both private and
public health organizations to enhance efficiency and effectiveness
in health-service delivery;
Develop national and adopt international standards and guidelines
on GIS data accessibility developed by ISO. This would be more
practical if the implementation of GIS technology in the health sector
follows guidelines developed by service providers to support the
growth of the Ugandan GIS industry;
Establish incentives for both local and foreign vendors of GIS
technology equipment (i.e., hardware, software, and service
industry) to ensure that it is affordable and accessible to health
organizations to foster the development of GIS technology;
Promote the use of Web-based GIS technology within the GIS
community and ensure that all health organizations’ websites are
accessible to stakeholders and interested persons to improve
efficiency and effectiveness in service delivery;
Encourage periodic research surveys on the use and development of
GIS technology in various health organizations in Uganda. This will
help the health sector identify gaps and track the level of
understanding and benefits of the technology from time to time;
Mobilize and sensitize communities and health organizations on the
availability, access, and use of GIS services. The GIS policy would
provide guidance to all users and stakeholders in the GIS arena, and
create an environment that attracts GIS investments from all over the
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globe. This would bring the Ugandan health sector to the forefront of
GIS technology use;
9. Funds or budget should be mobilized and set aside for the
development of GIS technology, and make efforts to ensure that it is
adapted to common local languages
10. Funding should be made available from the health budget to ensure
that current non-GIS-using health organizations obtain accessible
Internet, equipment, and other GIS services. This may need
subsidizing the cost of GIS equipment, and free provision of
associated technologies (e.g., mobile phones, GPS);
11. GIS professionals should identify business partners to offer
specialized GIS services and funding to health organizations, because
Uganda has a limited registered number of GIS vendors. For instance,
vendors of GIS equipment could be facilitated with the right
knowledge, enforced to take long training periods to pass skills and
knowledge of GIS technology to interested persons instead of short
one or two-week trainings that are common in Uganda. One or two
weeks is not long enough for getting Uganda skilled GIS
professionals;
12. Identify GIS professionals who can advise government and health
sector organizations on GIS technology adoption, use, training, and
equipment accessibility. The GIS trainings and equipment
accessibility for health organizations or interested users are vital for
the adoption of GIS technology in the country. With the necessary
trainings and accessibility in place, health sector organizations could
reduce costs of outsourcing GIS activities to people or organizations
who are skilled and do have sufficient expertise.
The following recommendations are focused on technology developers:’
1.
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“GIS software developers need to design intelligent tools that are
specifically meant for public health [activities], and seamlessly
weaved into everyday public health workflows and decision-making
processes to enable users to focus and spend the larger part of their
work time on what they want to achieve rather than on learning and
overcoming the limitations of tools they are supposed to use to
achieve their goals (Boulos, 2004).

2.

3.

4.

5.

According to Boulos (2004), health-activities tools must be able to
convey or [capable to transfer] meaningful, bottom-line conclusions
that can guide decision-makers rather than just outputting bunches
of facts. The ideal tools also need to be fault-tolerant and capable of
analyzing and presenting assembled data in ways that facilitate only
appropriate interpretations of integrated data. This can be achieved
by using some form of user-friendly, ‘intelligent’, goal-oriented GISbased health wizards (based on robust statistical and
epidemiological methods where appropriate). As a result, only valid
results and maps can be produced, even when users attempt to select
inappropriate settings for a particular analysis.
Developers should design and build tools that work in modular and
nested fashions, so that they may [or can] be reused, linked, and
combined in different ways as needed to serve different scenarios
and compound situations with little or no modifications (of the
tools).
Professor Stan Openshaw (as cited in Boulos, 2004) highlight that:
[GIS-based health tools] need to adopt and should link to
technologies that go beyond data collection, management and
ownership, standards, simple mapping, and trivial analysis (Boulos,
2004). According to Openshaw (as cited in Boulos, 2004), the ideal
health geospatial analysis methods [or tools] should be: (a) [be
designed in] a safe and user-friendly [manner] for use by people with
no higher degrees in statistical or geospatial sciences; (b) the
methods should also respond to user needs on the ground, be highly
automated, explicitly [or clearly] handle geospatial data imprecision
[or massiveness], and produce self-evident results that can be
mapped and communicated to non-experts” (Boulos, 2004, p.46);
International organizations involved in the development of GIS
technology plus its associated equipment should take steps to ensure
that information and documents concerning GIS technology are
disseminated and easily available in accessible formats. These
formats should be accessible for mobile phones, text formats
compatible with screen readers, websites, and public health school
resource centers.
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Conclusively, to improve GIS adoption and use, Ugandan health sector
organizations should follow ISPIRE’s (2007) directive on geospatial data
sharing and ISO/TC 211’s (2009) geospatial data objectives: “Increase the
understanding and usage of geographic information; increase the availability,
access, integration, and sharing of geographic information; promote the
efficient, effective, and economic use of digital geographic information and
associated hardware and software systems” (ISO, 2009, p. 7). These
objectives can be achieved through the development of a widespread or
“universal multivariate surveillance system that can be used to collect,
analyze, and interpret health-related information [countrywide], using a
modern information infrastructures [such as ICNSDI] for the global
prevention of a wide range of health problems, or at least the early detection
of such problems in order to mitigate their effects” (Boulos, 2004, p.47). Thus,
such a surveillance systems needs a comprehensive geospatial health-data
and information infrastructure needs to be built and maintained in a coherent
way at all operation levels of the health sector.

7.9. Direction for Future Research
Our research explored GIS technology use and its associated impacts in the
Ugandan health sector and GIS community. Overall, our research showed that
the impact-assessing factors and geospatial sharing framework adopted in
our studies had promising results for GIS technology use in Ugandan health
sector organizations. However, the following areas should be given more
attention.
Most of the impact-assessing factors and the factors in the geospatial
sharing framework concerned health organizations’ use of GIS technology to
ultimately improve these organizations’ health services and problem-solving
in the community. The conceptual framework (see Chapter 1) merely paid
attention to data-sharing and collaboration factors in the light of
management and uses of GIS technology. We have not conducted practical
experiments on outcomes of geospatial data collection and automated
mapping, data and health facilities management and communication,
planning and decision-making, or fleet management and vehicle and health
commodities tracking. Even though our study findings show the influencing
factors for GIS technology use on health activities. A motivated management
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team and implemented GIS technology use will likely improve these
outcomes, more studies need to be conducted to assess GIS implementation
and its impacts on societal well-being. For example, how can GIS technology
be used as a communication tool for improving the interaction between
organizations and society (public-citizen interaction)? And how does GIS
technology use impact decision-making in the health sector (i.e., what are the
above outcomes before and after GIS implementation)?
In addition, research is needed to examine the political support,
database comprehensiveness (number of features mapped), number of GIS
applications, and type of GIS technology used for analysis-oriented
applications, because these are vital components for the effective
implementation, adoption, and use of GIS technology for planning and
decision-making in organizations (Budić, 1994). There is a need to conduct
needs-assessment studies to convince administrators and decision-makers
that GIS technology is a valuable investment. This can be achieved by
demonstrating benefits experienced by foreign health sector organizations
who are successfully using GIS technology to gain political support, to
overcome prolonged implementation, and to deal with unexpected additional
costs and changes in local political circles. Thus, the research focus should be
on organizational politics, on administrators who allocate organizational
resources, and on decision-makers and top management who are critical
towards GIS development and who play a vital influence in GIS
implementation and its outcome (Budić, 1994).
We based our assessment of GIS activities and impacts on frameworks
that were identified in the literature. For instance, we adopted our interview
guide questions from Joyce (2009), Nykiforuk and Flaman (2011), and Shaw
(2012) and from the interaction between them (i.e., GIS-based health sector
activities, and the management, use, and impacts of GIS technology use). We
identified the activities in each component of the framework (see Chapter 1)
on the core multipurpose activities identified by Shaw (2012) and Tanser
(2006a). Similarly, we categorized sharing factors [using] based on Salleh and
Khosrowshahi (2010), and the impact-assessment categories on NedovicBudic (1999,1998) and DeLone and McLean (1992). Therefore, more
research is needed on the use of GIS technology, to visually identify and
empirically measure relationships of geographic, environmental, and social
influences on diseases and other health issues. GIS technology can
furthermore facilitate the study of the magnitude of causation of health
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disparities (Graves, 2008). Information regarding access to healthcare
services for specific populations could better describe the healthcare needs
of those at risk (e.g., rural, elderly, low-income, and disabled persons) in
specific geographic areas. Research of this kind can assist healthcare planners
and decision-makers who make decisions about the location of healthcare
services.
Previous studies found that GIS technology can be utilized in various
activities in the health sector, and as GIS technology use matures, more
attention is focused on resolving technical and data-related issues as opposed
to on organizational factors (Campbell, 1991). Thus, studies should be
conducted to establish the organizational issues (e.g., staff support
experience with GIS technology) associated with the management of GIS
technology use. Such studies should shed light on how well employees
understand GIS technology and its role, and on how an organization adapts
to new sources and types of information. Such studies should also evaluate
the role of GIS information in the decision-making process, and the
relationship between organizational issues and IT innovation, because
organizational issues rather than technical issues mostly constrain GIS
adoption (Ventura, 1995). In addition, future research should identify the
required special skills for handling GIS hardware, software, and database
components. It should also study the effects of a GIS specialist’s presence in
an organization to facilitate business operations and decision-making
benefits, and length of experience with GIS or length of time GIS technology
is used in a specific organization (i.e., duration). These studies should focus
on an organization’s staff, database developers, managers, administrators,
GIS technicians, and operators.
To turn GIS technology into a useful decision-making tool, health
sector organizations should understand the constraints on successful GIS
implementation and use, and be ready to adapt to new ways of generating
and using information. Therefore, the growth of GIS technology in the health
sector should result in systems that can support applications that improve
the efficiency of services and the effectiveness of decision-making to benefit
society. Research is also needed to examine the societal impact of GIS
technology use, to determine people’s communication behavior, perceptions,
experiences, and attitudes towards GIS technology use in Ugandan health
sector organizations. In addition, the effects of GIS technology use on the
privacy of clients should be studied, as well as future implications of GIS
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technology use for individual patients and society at large, and its effects on
the behavior and perceptions of patients and society.
Our research focused on assessing GIS technology use in health sector
activities and its impacts. Our findings indicated that GIS technology has the
potential to be used in various activities and to provide health sector
organizations with valuable information. The broad range of activities for
which GIS technology is used showed that it responds to the needs of many
health organizations. Since GIS technology use is still relatively new in the
Ugandan health sector, its suitability adoption for organizations and its costs
and benefits have not yet been fully assessed. We have not conducted a costbenefit analysis, which would be a first step towards a needs assessment for
justifying GIS adoption and acquisition (Antenucci et al., 1991; Budić, 1994).
Thus, future research should include a cost-benefit analysis as part of a GIS
needs assessment, to establish information needs, and to identify available
health data and financial implications involved during and after the
development and implementation of GIS technology. According to NedovicBudic (1999), a cost-benefit analysis can be conducted at different stages
during the introduction and implementation process of GIS technology.
Worrall (1994) (as cited in Nedovic-Budic, 1999), suggested that “costbenefit analyses can be used in basic feasibility studies, in retrospective
reviews of pilot study [ies] to evaluate the move from a pilot project to fullscale GIS development and to compare GIS implementation options, and as
post-implementation reviews to verify original assumptions and calculations
and to assess the effects of GIS technology use” (Nedovic-Budic, 1999, p. 289).
In Uganda, various health sector organizations have independently
collected health data sets. Uganda is lacking a well-functioning ICNSDI to
store and to ease access to geospatial data. Currently, getting access to
geospatial data sets that are suited for geospatial applications is not an easy
task. Most geospatial health data are collected in different formats and some
data sets are missing geospatial references or metadata. Thus, health data
should not stand alone, but should be combined with other data sets for easy
planning.
Research is needed to examine issues related to system quality impact,
organizational impacts (e.g., collaborative issues), and user satisfaction,
because the perceptions, thoughts, and understandings of users may differ
from those of system designers and implementers (Griffith & Northcraft,
1996; Nedovic-Budic, 1999). According to Griffith and Northcraft (1996) and
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Nedovic-Budic (1999), these cognitive differences determine the success of a
system’s implementation, because many players are involved in the
implementation and use of new technology. Thus, “it is [vital] to be aware of
whose satisfaction is observed and assessed, and it is also important to be
aware of established or assumed mutual and individual expectations
regarding the technology that is introduced” (Nedovic-Budic, 1999, p. 288).
Our findings indicated that health sector organizations’ continuous use
of GIS technology for health activities is determined by knowledge and skills
(expertise), accessibility to data and GIS infrastructure (especially software,
hardware, and power), and GIS technology’s ease of use. It is important to
note that the identified barriers to GIS technology use should not discourage
the use of GIS technology for health sector activities. Instead, we provided the
list in an effort to overcome these barriers. Once implemented, GIS
technology use can help decision-makers control and prevent diseases.
Furthermore, based on our study findings donor encouragement,
government involvement, and support from decision-makers and top
management indirectly and positively influence the continuous use of GIS
technology in Ugandan health sector organizations. Studies by Budić (1994)
and Ventura (1995) indicted that support from top management and
decision-makers contribute to the continuation of GIS technology use in
organizations after termination of project-based GIS activities that were
initiated by donor influence. Hence, studies with a bigger sample and the
variables top management and decision-makers should be conducted to
establish a better understanding of the role of top management and decisionmakers on the continuous use and adoption of GIS technology in health sector
organizations after the end of project-based activities.
In addition, our findings showed that an ICNSDI improves
communication, collaboration, geospatial data sharing, and knowledge and
experiences within health sector organizations. These organizations need
support in the decision-making, planning, and surveillance of diseases. An
ICNSDI can organize and create a new way of making existing data available
to users across health sector organizations in real time (Rajabifard &
Williamson, 2002). Given the high costs of producing geospatial data and
creating a database, health sector organizations need to develop policies that
invest in and allocate resources wisely to ensure efficiency, effectiveness, and
equitable use of information. Spatial-data infrastructures are globally used
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for supporting societal, geospatial oriented decision-making for sustainable
development (Feeney, Rajabifard, & Williamson, 2001).
According to Rajabifard and Williamson (2002), SDIs are initiatives for
creating an atmosphere in which all stakeholders (both producers and users)
can cooperate with each other and interact with technology, to achieve their
geospatial objectives at different levels. On the other hand, SDIs are processes
in which different stakeholders (e.g., the public, private organizations, UN
agencies, individuals) interact, share information, and negotiate with each
other in the policy arena to optimize the potential of geospatial data.
The Australian and New Zealand Land Information Council (ANZLIC
1998) [as cited in Rajabifard and Williamson, 2002] defines a National
SDI as comprising four core components: an institutional framework,
technical standards, fundamental datasets, and clearinghouse networks.
The institutional framework defines the policy and administrative
arrangements for building, maintaining, accessing and applying the
standards and datasets. The technical standards define the technical
characteristics of the fundamental datasets. The fundamental datasets
are produced within the institutional framework and fully comply with
the technical standards. The clearinghouse network is the means by
which the fundamental datasets are made accessible to the community,
in accordance with policy determined within the institutional
framework, and to agreed technical standards. According to Masser
(1998) [as cited in Rajabifard and Williamson, 2002]the Dutch Council
for real estate information, the National Geographic Information
Infrastructure is a collection of policy, datasets, standards, technology
(i.e., hardware, software, and electronic communications), and
knowledge providing a user with the geographic information needed to
carry out a task (Rajabifard & Williamson, 2002). The Federal
Geographical Data Committee ([FGDC], 1997) of the United States
defines National SDI as an umbrella of policies, standards, and
procedures under which organizations and technologies interact to
foster more efficient use, management, and production of geospatial
data”. Furthermore, it explains that SDIs comprise of organizations and
individuals that generate or use geospatial data and the technologies
that facilitate use and transfer of geospatial data (Rajabifard &
Williamson, 2002, p.5).
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The existing definitions of SDIs provide a snapshot of understanding
of different aspects of SDIs with varied purposes of promotion, funding, and
support, but similar in regard to metadata, standards, core data sets, and
clearing-house concepts (people, data, standards, policy, network access) as
components of SDIs (Rajabifard & Williamson, 2002).
SDI developments are not only crippled by technical constraints, but
also by a lack of a holistic representation and understanding of SDIs
(Rajabifard & Williamson, 2002), and political and strategic issues. Our study
findings indicated that not only technical issues, but also legal, organizational,
financial, and geospatial data policy issues contribute to the adoption, access,
and use of geospatial data. An ICNSDI will facilitate a better utilization of
geospatial data, and integration of systems and sharing data from various
sources, software, hardware, and personnel throughout health organizations.
Therefore, governance of such an open, multi-stakeholder, networked
infrastructure should be based on common trust, interactions, and creating
common understanding about the perceived reality. Future research should
investigate the organizational and governance structures that need to be
implemented for effective and innovative ICNSDI use, data policy issues, and
the allocation of responsibilities and roles to different stakeholders (e.g., task
allocations, data ownership, privacy and confidentiality issues, coordination).
Similarly, future research should shed light on how to effectively safeguard
the privacy and confidentiality rights and responsibilities of the public
involved in the creation and use of geospatial data in an ICNSDI. This
information will help users save resources, time, and effort when trying to
collect new data sets. The aim is to provide effective and good governance
strategies for ICNSDI development through multi-stakeholder discussions. A
well-functioning and trustworthy ICNSDI can be achieved with clearly
formulated and implemented geospatial data policies. Enforced data policies
with technical and legal restrictions play a vital role in the use of an ICNSDI.
International Standards Organization [ISO9241] (as cited in Ivory and
Hearst, 2001) highlights “Usability is the extent to which a computer system
(e.g., GIS) or geospatial data [can allow] users, in a given context of use, to
achieve specified goals effectively and efficiently while promoting feelings of
satisfaction.” (Ivory & Hearst, 2001, p. 470). The authors highlight that
usability measure focuses on the aspects of a system’s user interface and
identifying problems of the system. For instance, maps are indispensable for
the display of results, but also reveal information on the location of
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participants and sampling clusters, that can subsequently be used in
combination with shared data files to identify participants. This information
can in turn be used in a household survey to determine the boundaries and
the number of households to be interviewed. Geospatial data sets are
important assets that can help health practitioners achieve their tasks
effectively, and that allow them to harness the potential of communication,
navigation, planning, and decision-making technologies (Brown et al., 2013).
Thus, it is vital that the usability of GIS technology and geospatial data are
taken into consideration, as a way of increasing GIS technology use and its
products in the health sector. Future studies should determine the challenges
associated with the usability of GIS technology and geospatial data sets, and
investigate effects of user behavior on the usability of geospatial data sets.
The aim is to identify stakeholder groups and propose strategies for
addressing these usability challenges. Maps are a visual representation of
earth features with the aid of a scale to guide the understanding of the
information displayed, and to support reasoning and decision-making.
Concerning the representation of features as map symbols, there is a need to
determine a standardized suitable graphic representation for health features
on maps.
Future research should also investigate the effects of using GIS
technology as a geospatial decision-support system on decision-makers’
performance. As highlighted by Crossland et al. (1995), GIS technology had
increasingly been used for decision-making, but research about their
contributions to the performance of decision-makers was still lacking. We set
out to investigate this situation, so our participant group consisted of
employees belonging to GIS-using organizations, as well as employees
belonging to non-GIS-using organizations in the Ugandan health sector. Our
aim was operationalizing performance as time and accuracy required to
determine a suitable health location. Both types of decisions require
geospatially referenced information. The task process would be executed in
two dimensions (i.e., GIS users using GIS technology as a decision-support aid,
and GIS non-users). The aim would be finding if there are differences between
task solutions developed by GIS-users and those by GIS non-users, time spent
to make decisions, and accuracy of the results. As one of the importance of
our study is to create and solicit political support for funding, and convince
the administrators, decision makers, higher level management that GIS
technology is a worthwhile investing in it.
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7.10. Overall Conclusion
Our research assessed the nature of GIS technology use and investigated its
impacts in Ugandan health sector organizations. The need for our research
arose from continuous disease outbreaks in Uganda and the long-lasting
problem of low uptake of GIS technology by health sector organizations. Our
main research question comprised four sub-questions that resulted in four
studies that were conducted to refine and determine GIS technology adoption
and implementation. From the deduced findings of these four studies, the
following conclusions can be drawn.
Our research has produced a new set of empirical evidence from
developing countries, on the use of GIS technology in Ugandan health sector
organizations. This fills a gap in knowledge that is needed to raise awareness
about the mixed assessments coming from GIS implementation, adoption,
and diffusion studies about the necessity for more systematic and rigorous
evaluations (Nedovic-Budic, 1999). In addition, our research may help
address the barriers to attaining success and avoiding failure in the adoption
and implementation of GIS projects in Uganda.
The empirical findings of our research showed that the success of GIS
adoption and implementation in health sector organizations (to facilitate
solving health problems and efficiently serving society) may depend on the
ability of developing countries (Uganda) to rapidly initiate and enact a GIS
data policy that addresses issues such as data confidentiality and privacy, and
custodianship. As highlighted by Croner et al. (1996), the protection of
disclosure of individual persons, households, establishments, or primary
sampling units in public databases should be a primary concern of health
sector organizations. While georeferenced data identifies of individual
settings can increase the value of GIS data analysis, they also increase health
sector organizations’ burden of ensuring the protection of the individual’s
right to confidentiality. A confidentiality policy should be binding for all GISusing organizations. Such a policy should reflect the laws and regulations
imposed upon geospatial data collection and dissemination activities.
In addition, to realize smooth GIS technology adoption and
implementation in African developing countries, GIS professionals should
create awareness and sensitize about the benefits of GIS technology use,
about political agendas that encourage both public and private health sector
organizations to use GIS technology for program planning and decision-
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making, about accountability and transparency, and about social policies that
were enacted to promote GIS technology use for the well-being of society. The
low uptake of GIS technology in Ugandan health sector organizations is the
result of a lack of awareness and sensitization, knowledge, understanding,
and information within organizations about GIS technology, activities to use
GIS technology for, its importance and value, and its benefits; bad attitude,
behavior, and culture of adoption to new innovations; perceptions of GIS
technology use; conservative thinking and resistance towards new
innovations, changes, and introduction of new technologies as expensive (e.g.,
to implement and acquire its software, hardware, and data-collection devices,
such as GPS); a lack of experience or expertise with GIS technology; and a lack
of collaboration among health sector organizations, especially those with
knowledge about GIS technology.
Furthermore, the low adoption of GIS technology use (especially in
public health organizations in Uganda) is the result of a lack of interest,
acceptability, and appreciation of GIS technology use, adoption, and
implementation; resistance to change by the government, decision-makers,
and top management, because they do not understand how GIS technology
use will improve health services; and a lack of geospatial data policies.
UNICEF has tried to develop the DevTrac platform for real-time reporting on
public services, to encourage data and information sharing within the GIS
community in Uganda (see http://www.devtrac.ug/). However, a framework
that describes the knowledge base that health sector organizations and GISusing organizations need to develop for the effective integration of GIS
technology for geospatial data sharing is still missing.
In addition, there is a lack of training institutions and universities for
GIS specialists in health, and public health institutes of higher learning have
not yet included the topic GIS technology use in their curriculums. As a result,
there are limited opportunities for using or integrating GIS technology in
Ugandan health sector organizations. Moreover, geospatial data sharing and
collaboration occur on a technical-know-who basis in most Ugandan health
sector organizations and GIS-using organizations. An ICNSDI would stimulate
geospatial data sharing and collaboration, and as such, would improve the
knowledge and information, and GIS technology implementation and use in
the Ugandan health sector by integrating GIS technology into the existing
systems. Our participants indicated that collaboration and sharing allowed
them to share experiences, ease data access and usage, gain skills, expertise,
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and knowledge, learn about challenges, and learn from each other’s successes
and failures. Our participants also indicated that an ICNSDI would allow them
to remind each other to adhere to the laws and regulations of the developed
framework, in order to ensure data quality, routine sharing, collaboration,
networking, and coordination, to reduce or even eliminate duplication or
redundancy of data sets, to reduce costs of data collection and maintenance
of several data sets, and to regulate GIS technology use.
Our findings further indicated that collaboration and geospatial data
sharing through an ICNSDI would regulate individual-data abuse and misuse
for personal gains. Thus, the implementation of an ICNSDI in the Ugandan
health sector is expected to be effective when health sector organizations and
the GIS community are supported through collaboration guidelines, a
partnership with the Ministry of ICT to reduce restricted-access rights to
existing data sets, and the employment of GIS professionals in organizations
to influence the marketing of GIS activities by advocating for geospatial data
use, forming technical working groups, and creating awareness and
sensitization about sharing benefits.
The conditions for long-term positive impacts of GIS technology use in
Ugandan health sector organizations depend on the integration of GIS
technology in the curriculums of public health training institutions or
universities of higher learning (both knowledge and skills), accessibility to
technology, government’s enforcement of a policy for GIS technology use and
subsidies on equipment, and developers enabling ease of use for the available
technology. Conceptual frameworks for encouraging the adoption and
continuous use of GIS technology in health sector organizations recommend
the professional development of an ICNSDI for collaboration and experience
sharing, easy data access and usage, skills and knowledge, and easy use of GIS
technology. The ICNSDI framework is considered an initiator and a catalyst
for change for health sector organizations and the GIS community to acquire
the necessary knowledge and skills for integrating GIS technology in their
day-to-day activities. In addition, the support of top management and the
government is considered a facilitator for health sector organizations to
adopt the use of GIS technology for health activities.
GIS technology offers many benefits in data and systems integration,
in the interactive querying of databases and design, and in the visualization
and presentation of findings in the form of digital and analogue maps. The
data analysis and the visual impact provided by GISs are benefits that support

292

their use for health sector problem-solving. The capability of GIS technology
to overlay data sets and layers allows for interpretation beyond what is
possible with traditional research and statistical methods. GIS technology is
an effective tool for investigating various aspects of health sector problems,
such as access, utilization, and planning. Thus, GIS technology can be an asset
in the understanding and resolution of health disparities. GISs are relatively
easy to use and inexpensive these days, because there are free online tools,
such as Diva-GIS, GRASS, Flowmap, Quantum-GIS, uDig GIS, TNTLite, and
SPRING (Shaw, 2012; Tanser & Le Sueur, 2002). One of the well-known GIS
developers ESRI makes key components of their software freely available,
and millions of maps are freely available online. Users are allowed to
download and use these maps according to personal organizational interest.
Similarly, these tools and systems are easily used on a daily basis, due to the
rapid growth of mobile technology. For instance, Google maps has been used
by the public for potential mapping and spatial-temporal analytics. It is time
for health sector organizations and GIS professionals to work together and
release the potential of GIS technology for the benefit of society.
However, GIS technology should not be viewed as a savior for health
shortcomings, because it poses numerous problems that need to be
addressed. GISs are relatively inexpensive these days, as highlighted by
Tanser and Le Sueur (2002) and by Shaw (2012), but it is still costly to run
and maintain a GIS, to upgrade the hardware and software yearly.
Furthermore, dataset collection which is a requirement for GIS technology
use needs geographic coding, and a check for currency, completeness,
reliability, validity, and quality. To fully use the potential of GIS technology in
the Ugandan health sector, organizations and especially the government
should commit resources to routinely collecting geospatial health data, and
to training and continuously educating health staff to use GIS technology in
health activities. The health staff will need training in the specific uses of the
GIS that is used in their organization, to learn the fundamental concepts of
geography and cartography such as learning elementary cartographic skills
of map reading, revision to enable them interprete the map information.
This dissertation provides an innovative approach to investigating and
analyzing the uses and impacts of GIS technology use. It provides empirical
evidence of GIS activities, factors that stimulate and hinder GIS technology
use, barriers to geospatial data sharing and collaboration, and impacts of the
use, implementation, and adoption of GIS technology in Ugandan health
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sector organizations. Our findings will help researchers, specialists, health
sector organizations, and technology developers recognize the importance of
studying the past of similar projects, as a step towards the successful
implementation of GIS projects in the health sector. Similarly, our findings
showed that adequate attention should not only be given to technical issues
during the adoption and implementation of GIS technology, but also to
organizational/institutional issues (e.g., organizational and political support,
staff support, administrative and decision-maker actions) and to the local
settings of the GIS technology project. In addition, this dissertation provides
ways and activities through which GIS technology can be implemented,
utilized, and it shows its impacts to support the insight of communication,
collaboration, and the sharing of geospatial data. Some researchers have
addressed GIS technology use and geospatial data sharing and collaboration
to encourage adoption in the health sector with guided empirical studies, but
research on GIS implementation and its impacts on planning activities is
scarce (Budić, 1994).
There have been other assessments of GIS technology use (Clarke et
al., 1996; Graves, 2008; Higgs & Gould, 2001; Kandwal et al., 2009; McLafferty,
2003; Nykiforuk & Flaman, 2011; Shaw, 2012; Tanser, 2006), but our
assessment from a developing-country perspective is vital for academic and
adoption purposes. In addition, it is important to continue research on new
innovation technologies (i.e., assessing activities for which it can be used,
understanding user perceptions, views, and awareness about the technology
and its potentiality), because exploration in the health-sector perspective is
still needed (Joyce, 2009; Shaw, 2012; Smith et al., 2003). The development
of multipurpose GIS-based activities, an ICNSDI, strategies to improve GIS
technology use, and impact-assessing frameworks (see chapters 2 through 6,
respectively) is a good sign of advancement on the existing assessment
frameworks in health GIS technology and the GIS arena in general. Likewise,
this dissertation indicates that ideas and frameworks can be borrowed from
other disciplines (e.g., social sciences, urban planning, other management
information systems, IT, public administration) and used for assessing
problems in the health sector.
In general, this dissertation highlights the often downplayed
challenges, problems, and limitations of using new technologies, and can
encourage developers and researchers to look at why and how organizations,
individuals, and the community are benefiting from the adoption of GIS
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technology in the health sector. Even though some health studies have paid
some attention to challenges of using GIS technology (Boulos, 2004; Clarke,
McLafferty & Tempalski, 1996; McLafferty, 2003; Shaw, 2012; Sipe & Dale,
2003; Tanser & Le Sueur, 2002), no health studies have paid attention to
challenges in Ugandan health sector organizations. Some studies focused a lot
of attention on the potentials of GIS technology use and addressed fears of
problems in the context of using GIS technology. Thus, this dissertation opens
up a discussion about the study of usability of GIS technologies in developing
countries, and adds knowledge about the use of GIS technology for solving
community health problems in developing countries.
It is important to note that it is still vital to conduct more studies on
GIS technology use and its impacts on health sector organizations. These
studies can be aligned to the goals of the ICNSDI framework for health sector
organizations and to the impact of the project on external stakeholders
nationwide. In addition, future studies on GIS technology use should
investigate the impacts of the national funding of an ICNSDI.
The use of GIS technology in Ugandan health sector organizations is
driven by the donor community, and therefore bound by inflexible terms of
reference. GIS technology remains underutilized, even though numerous
potential benefits have been identified and are known to researchers who
could easily build on this for future research. To conclude in Shaw’s (2012)
words: “If, as healthcare informatics researchers, we are truly concerned with
improving the health of our communities, this is a tool we should no longer
be ignoring” (p. 93).
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Summary
This dissertation aims to contribute to the adoption and use of geographical
information systems (GIS) in the health care sector of Uganda, so that the
services of organizations in this sector can be improved. The research in this
dissertation evaluates the use of geospatial data, maps factors encouraging
and hindering the sharing of geospatial data, explores factors contributing to
non-use of GIS, and investigates the impacts associated with using GIS
technologies in health sector organizations. In the research, organizations
participated that either use or do not use GIS. GIS technologies aim to guide
planning and support decision-making by providing and allocating limited
resources to the rightful beneficiaries to optimize health care. In addition, GIS
technologies aim to help in developing avenues of a digital system of health
records and data storage, and providing strength in collaboration and sharing
of geospatial data and services to avoid duplication of services and identify
gaps in the service delivery in the health arena.
Many health sector organizations have not been able to successfully
adopt, implement and use GIS technologies. Success can be defined as a
situation in which the adoption, implementation, and use of GIS technologies
have led to a fully established and actively working GIS environment
(department, skilled staff, GIS equipment such as big printers for printing
maps of A0, A1 size of papers, GIS software, servers, wide screen computers
with big capacity to accommodate geospatial layers, space, digital geospatial
data). This means that these organizations have to depend on other
organizations with an established actively GIS working environment such the
Uganda Bureau Statistics, Mapping, Lands and Survey department, Entebbe,
and the National Forestry Authority, or outsource to skilled expert
individuals or organizations.
To acknowledge the complexities involved in processes of adoption,
implementing and using GIS technologies, the following nine types of
organizations were included in the research: not-for-profit government
organizations, non-government organizations, UN international agencies,
government/public organizations, education research institutes, projectbased organizations, private organizations, semi-autonomous organizations,
and funding mechanism. The organizations were located in Kampala and
Wakiso, and a few had up-country offices such as in Gulu and Rakai.
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Chapter 1 of this dissertation provides the background of the study,
the study objectives and the research questions. The research questions were
developed with the purpose to find out the nature of the use of GIS
technologies for health activities, the extent to which there is a practice of
sharing of geospatial data between the health sector organizations, and also
understand the effects associated with GIS technologies. After that, the
methodology is discussed. A description is provided of the way respondents
for the studies were selected. A combination of qualitative research methods
was used as it is known to be good for gathering first-hand information in
understanding the views and opinions of people involved (Gillham, 2000).
Most of the data were collected using in-depth semi-structured interviews
(face-to-face or by phone). Other forms of data gathering used in this
dissertation include the analysis of archival records, documentations and
artefacts.
Chapter 2 provides a literature review aimed at identifying the uses of
GIS technologies in the public health sector in Africa. The chapter starts off
with a brief description of what GIS is and what its benefits are, followed by
application areas in which GIS technologies have been used and barriers
hindering GIS technology adoption in the public health sector. Several
solutions are suggested to address the barriers. The study classifies activities
for which GIS technologies can be used: disease surveillance (disease
mapping and disease modelling), health care research and management
(health facility access, utilization and planning), strategic health planning of
services, community health profiling, built environment and neighborhoods,
health education, crisis management and risk analysis. In Africa, GIS
technology is limitedly being used for simple analyses for health activities,
such as map production showing disease distributions, navigation and data
collection. This in contrast to developed countries, where GIS technology is
used for advanced and complex analyses such as, for instance, disease
forecasts, risk analysis (risk assessments of water-source, soil, air,
contaminants and hazards environmental exposure), and the selection of
suitable areas for health facility development.
Chapter 3 examines the uses of GIS technology in health sector
organizations in Kampala, Wakiso-Entebbe, Gulu and Rakai, in Uganda. Of the
75 participating organizations handling health-related activities in Uganda,
43 organizations were and 32 were not using GIS technology. The study’s aim
was assessing the nature of GIS technology use in the studied organizations,
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identifying the users of GIS technology and types of GIS training received by
GIS users, as well as the purposes of GIS technology use in the organizations,
the rationale behind the organizations’ GIS technology use, and the activities
for which GIS technology has been used. The results show that even though
many organizations use GIS technology, GIS technology use is project based
in Ugandan health organizations. Once a project has ended, most
organizations stop using GIS technology until another GIS-based project is
implemented. Furthermore, even though GIS benefits can be articulated in
the health sector, most organizations are lacking the skills and knowledge to
be able to adequately apply GIS technology during activities. This study also
indicates that GIS technology has only been scarcely used for some activities
indicated in the GIS literature (e.g., disease surveillance and modeling, crisis
management, and risk analysis), and widely in health care research and
management, community health profiling, disease mapping, and strategic
health planning. However, it has neither been used in built environments and
neighborhoods, nor in spiritual health. The results also show that GIS
technology can be used in communication and advocacy of services, the
coordination and monitoring of immunization programs, fleet management,
vehicle and health-commodities tracking, food security, and health/nutrition
livelihood. Furthermore, the results indicate that organizations tend to use
basic GIS techniques, and when advanced methods are used, these are
outsourced to external contractors with expertise. This illustrates a
significant GIS under capacity within the studied health sector organizations.
Conclusively, this study shows the importance of creating awareness and
sensitizing Ugandan health sector organizations to the use of GIS technology
and to its benefits when applied in health-related activities.
Although sharing health information acquired through a GIS is
beneficial, it is not a given that sharing is the norm. Chapter 4 presents a study
that explores Ugandan health sector organizations’ reasons for sharing and
for not sharing geospatial data. The analyses identified key factors (i.e.,
technical, institutional, social, political, policy, economic, legal, and cultural
factors) that encourage or hinder health organizations’ choice to share
geospatial data with other health organizations. Based on these factors, we
provide recommendations for increasing geospatial-data sharing across the
Ugandan health sector. Three overall recommendations are proposed:
establish and harmonizes information policy through government, create a
health professional GIS user body for collaboration and coordination of
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activities, and incorporate GIS as courses in the curriculum of universities
dealing with health issues.
Chapter 5 focuses on the factors that lead to a non-use of GIS
technologies. The study described in this chapter explored which factors
contribute to the non-use of GIS technology in Ugandan health organizations.
The study findings indicate that the following factors contribute most to GIS
technology non-use in Ugandan health sector organizations: a lack of
awareness, knowledge, understanding, and information about GIS technology
and activities it can be used for; a lack of funds to implement a GIS
infrastructure and to acquire necessary equipment; insufficient skills of
personnel in handling and maintaining geospatial data, in collecting field
data, and in handling GIS field activities; and high costs of GIS-related
hardware, software, license renewal, and yearly version upgrades.
Qualitative data analysis revealed seven constraint themes concerning GIS
technology use, namely (1) geospatial-data; (2) technical; (3) GIS equipment;
(4) institutional and managerial; (5) financial; (6) economic; and (7) social
constraints. GIS technology use in organizations handling health-related
activities requires the Ugandan government to enact a GIS-technology policy
and to assign the responsibility for Ugandan GIS data to a ministry. This will
enable GIS professionals to create awareness through practical
demonstrations of health organizations successfully using GIS technology for
their activities. Equally, health organizations, GIS professionals, users of GIS
technology, geospatial producers, and interested individuals should jointly
develop and implement an integrated collaborative spatial-data
infrastructure (SDI). This provides opportunities for the extensive
availability of and access to geospatial data, and for the communication and
sharing of the data. Such an integrated collaborative SDI must not stand alone.
Instead, all parties in the GIS arena should contribute to it.
Chapter 6 explores the impacts of GIS technology use in organizations
handling health-related activities in Uganda. The most influential impacts of
GIS technology use are: data-integration capability, database-content
capability, understandability and readability, identification of gaps and
challenges in service delivery, better decision-making and planning, and
equity (equal resource allocation to the right communities). Seven
advantages with forty-two respective sub-categories emerged: system
quality, information quality, information use, individual impacts, user
satisfaction, organizational impacts, and societal impacts. In addition, four
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disadvantageous themes with seven sub-categories emerged: system quality
(sub-categories: technical and GIS equipment), organizational impact (subcategory: institutional), user-satisfaction (subcategory: attitude), and societal
impact (sub-categories: legal, social, and economic). The benefits of GIS
technology use range from reducing operational costs to enhancing data
integration, and from accessibility to sharing and utilizing health information.
The negative aspects range from requiring expertise, poor data quality, yearly
software renewal and expensive hardware purchase, and resource intensity
to establishing, buying and maintaining a GIS infrastructure, and from time
constraints and privacy threats to creating staff reduction and
unemployment. As most of our GIS non-users were trained but merely lacked
a complete GIS infrastructure to exercise their expertise, the benefits
articulated by GIS non-users were generally in agreement with those
articulated by GIS users. Our findings give health sector organizations insight
in benefits of GIS adoption, and inform technology developers that the GIS
software is not user-friendly enough. As the growth of GIS technology use
widens in Ugandan health sector organizations, awareness creation and
sensitization should be done to encourage GIS adoption and to increase
collaboration, partnership, and sharing of geospatial data to avoid
duplication. This will become more important, because Web-based GIS
technology will ease the access to and the distribution of geospatial data and
information across health sector organizations.
Chapter 7 summarizes the previous chapters by discussing the
findings of the studies in this dissertation, reflecting on the methodology and
outcomes, and suggesting directions for future studies. The chapter begins
with a general overview of the research aims and questions, followed by
concluding and discussing the findings of each of our studies. We then discuss
and reflect on the research approach and the outcomes of all studies
combined. This chapter ends with directions for future research and
recommendations for practice. In all, this dissertation has demonstrated that
the use of GIS approaches for health activities has the potential to help health
decision-makers understand the geospatial relationship between geography
and health. The recommendations can improve the adoption and use of GIS
technologies as a policy intervention to support service delivery and to deal
with health problems in general.
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Samenvatting
Deze dissertatie heeft als doel bij te dragen aan de adoptie en het gebruik van
geografische informatiesystemen (GIS) in de gezondheidszorg in Oeganda,
om op die manier de dienstverlening van organisaties in deze sector te
verbeteren. De studies in deze dissertatie evalueren het gebruik van
geospatiale data, inventariseren factoren die het delen van geospatiale data
hinderen of bevorderen, verkennen factoren die bijdragen aan het niet
gebruiken van GIS-technologie en brengen in kaart wat de impact is van het
gebruik van GIS-technologie in de gezondheidssector. In het onderzoek zijn
organisaties betrokken die al dan niet gebruikmaken van GIS. GIS-technologie
is bedoeld om de planning en besluitvorming te ondersteunen en de beperkte
middelen zo goed mogelijk te verdelen, en op die manier de gezondheidszorg
te optimaliseren. Een ander doel van GIS-technologie is het faciliteren van
digitale systemen van gezondheidsdossiers en dataopslag, waardoor beter
kan worden samengewerkt en geospatiale gegevens en activiteiten kunnen
worden gedeeld. Op die manier worden verdubbelingen in de dienstverlening
voorkomen en kunnen eventuele tekortkomingen in de dienstverlening
worden geïdentificeerd.
Veel organisaties in de gezondheidssector zijn er nog niet in geslaagd
om GIS succesvol in gebruik te nemen. Succes kan worden gedefinieerd als
een situatie waarin adoptie, implementatie en gebruik van GIS hebben geleid
tot een volledig uitgeruste en actief werkende GIS-omgeving (een
georganiseerde groep, deskundig personeel, GIS-apparatuur zoals grote
printers om kaarten te printen op A0- of A1-formaat, GIS-software, servers,
computers met breedbeeldschermen en voldoende rekencapaciteit voor
geospatiale lagen, ruimte en digitale geospatiale data). Dit betekent dat deze
organisaties afhankelijk zijn van andere organisaties die een goedwerkende
GIS-omgeving hebben, zoals het Uganda Bureau Statistics, Mapping, Lands
and Survey department, Entebbe en de National Forestry Authority, of het
moeten uitbesteden aan professionals of organisatie met de juiste expertise.
Om recht te doen aan de complexiteit van processen van adoptie,
implementatie en gebruik van GIS-technologieën, werden de volgende negen
typen organisaties in het onderzoek meegenomen: non-profit
overheidsorganisaties, niet-overheidsorganisaties, VN internationale
agentschappen, overheids- en publieke organisaties, onderwijs- en
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onderzoeksinstituten, project-gebaseerde organisaties, privé-organisaties,
semiautonome organisaties en financieringsmechanismen. De organisaties
waren gesitueerd in Kampala en Wakiso; enkele hadden een locatie of afstand
zoals in Gulu en Rakai.
Hoofdstuk 1 van deze dissertatie verschaft de achtergrond van de
studie, de doelen en onderzoeksvragen. De onderzoeksvragen zijn opgesteld
met als doel te onderzoeken wat de aard van het gebruik van GIS- technologie
door gezondheidsorganisaties is, in hoeverre er in de praktijk sprake is van
het delen van geospatiale data tussen gezondheidsorganisaties, en wat de
effecten zijn van GIS-technologie. Vervolgens wordt de gehanteerde methode
beschreven. Besproken wordt hoe de respondenten zijn geselecteerd voor de
studies. Er is gebruik gemaakt van een combinatie van kwalitatieve
onderzoeksmethoden, omdat deze methoden geschikt zijn voor het
verzamelen van eerstehands informatie gericht op een begrip van het
perspectief en de meningen van de betrokkenen (Gillham, 2000). Het
leeuwendeel van de dataverzameling gebeurde aan de hand van semigestructureerde diepte-interviews (face-to-face of telefonisch). Ook zijn
archieven, documenten en artefacten geanalyseerd voor aanvullende
informatie.
Hoofdstuk 2 beschrijft een literatuurstudie gericht op het identificeren
van het gebruik van GIS- technologie in de gezondheidssector in Afrika. Het
hoofdstuk start met een beschrijving van wat GIS is en wat haar voordelen
zijn, gevolgd door de toepassingsgebieden van GIS en de barrières die het
gebruik van GIS in de gezondheidszorg hinderen. Er worden meerdere
oplossingen aangedragen om barrières te verkleinen. De studie
inventariseert verschillende gebieden waarbinnen GIS kan worden
toegepast: het monitoring van ziektes (het in kaart brengen en het
modelleren van ziektes), onderzoek en management van de gezondheidszorg
(toegang tot en gebruik en planning van gezondheidsfaciliteiten);
strategische planning van gezondheidsservices, volksgezondheidsonderzoek,
de gebouwde omgeving en
buurten,
gezondheidsvoorlichting,
crisismanagement en risicoanalyse. Wat blijkt is dat GIS-technologie in Afrika
maar beperkt gebruikt wordt, met name voor simpele analyses zoals het
maken van kaarten met een overzicht van ziektedistributies, navigatie en
datacollectie. Dit in contrast tot de meer ontwikkelde landen, waar GIStechnologie wordt toegepast voor veel complexere analyses, zoals
ziektevoorspellingen, risicoanalyses (risicoanalyse van waterbronnen,
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vervuiling van aarde of lucht, blootstelling aan gevaarlijke omgevingen) en de
selectie van geschikte
locaties voor de ontwikkeling van
gezondheidsfaciliteiten.
Hoofdstuk 3 onderzoekt het gebruik van GIS-technologie in
organisaties in de gezondheidszorg in Kampala, Wakiso-Entebbe, Gulu en
Rakai, in Oeganda. Van de 75 deelnemende gezondheidsgerelateerde
organisaties in Oeganda, maakten 43 organisaties wel en 32 geen gebruik van
GIS-technologie. Het doel van de studie was het inventariseren van de aard
van het gebruik van GIS-technologie in de bestudeerde organisaties, het
identificeren van de gebruikers van GIS-technologie en de soorten GIStraining die zij hadden ontvangen, evenals de doeleinden van het gebruik van
GIS-technologie in de organisaties, de grondgedachte achter het gebruik van
GIS-technologie en de activiteiten waarvoor GIS-technologie werd gebruikt.
De resultaten laten zien dat, hoewel veel organisaties GIS-technologie
gebruiken, het gebruik van GIS-technologie vaak projectmatig is in
Oegandese gezondheidsorganisaties. Zodra een project is afgelopen, stoppen
de meeste organisaties met het gebruik van GIS-technologie totdat een ander
op GIS gebaseerd project zich voordoet. Hoewel GIS-voordelen kunnen
worden gearticuleerd in de gezondheidssector, missen de meeste
organisaties de vaardigheden en kennis om GIS-technologie adequaat toe te
passen ten behoeve van hun activiteiten. Deze studie geeft ook aan dat de GIStechnologie slechts zelden is gebruikt voor sommige van de activiteiten die
genoemd worden in de GIS-literatuur (bijvoorbeeld het monitoren en
modelleren van ziektes, crisismanagement en risicoanalyse), en op grote
schaal in onderzoek en managen in de gezondheidszorg,
volksgezondheidsonderzoek en strategische gezondheidsplanning. GIS
worden niet gebruikt in bebouwde omgevingen en buurten en in geestelijke
gezondheid. De resultaten tonen ook aan dat de GIS-technologie kan worden
gebruikt bij de communicatie en het bepleiten van diensten, de coördinatie
en bewaking van immunisatieprogramma's, wagenparkbeheer, het
monitoren van voertuigen en gezondheidsproducten, voedselzekerheid en
het zekerstellen van gezondheid/voedingswaarde. Bovendien geven de
resultaten aan dat organisaties de neiging hebben om basis-GIS-technieken
te gebruiken; wanneer geavanceerde methoden worden gebruikt, worden
deze uitbesteed aan externe contractanten met expertise. Dit onderstreept
een ondercapaciteit ten aanzien van GIS binnen de bestudeerde organisaties
in de gezondheidssector. Concluderend toont deze studie aan dat het
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belangrijk is om bewustwording te creëren en Oegandese organisaties in de
gezondheidssector bewust te maken van het gebruik van GIS-technologie en
de voordelen ervan wanneer toegepast in gezondheidsgerelateerde
activiteiten.
Hoewel het delen van gezondheidsinformatie verkregen via een GIS
nuttig is, is het niet vanzelfsprekend dat delen de norm is. Hoofdstuk 4 doet
verslag van een onderzoek naar de redenen van Oegandese
gezondheidsorganisaties om geospatiale gegevens te delen of niet te delen.
Uit de analyses komen sleutelfactoren (technische, institutionele, sociale,
politieke, politieke, economische, juridische en culturele factoren) naar voren
die de neiging van gezondheidsorganisaties om geospatiale data met andere
organisaties te delen versterken of afzwakken. Op basis van deze factoren
geven we aanbevelingen voor het stimuleren van het delen van geospatiale
gegevens in de Oegandese gezondheidssector. Er worden drie globale
aanbevelingen voorgesteld: ontwikkel en harmoniseer een informatiebeleid
door de overheid, creëer een GIS-gebruikersorgaan voor de coördinatie van
en samenwerking omtrent GIS-gerelateerde activiteiten en neem GISeducatie op in het curriculum van universiteiten gericht op gezondheidszorg.
Hoofdstuk 5 richt zich op factoren die ertoe leiden dat GIS niet gebruikt
worden. De in dit hoofdstuk beschreven studie inventariseert welke factoren
bijdragen aan het niet-gebruik van GIS-technologie in Oegandese
gezondheidsorganisaties. De resultaten laten zien dat de volgende factoren
het meest bijdragen aan het niet-gebruik van GIS-technologie: een gebrek aan
bewustzijn, kennis, inzicht en informatie over GIS-technologie en de
activiteiten waarvoor deze kan worden gebruikt; een gebrek aan middelen
voor de implementatie van een GIS-infrastructuur en de aanschaf van de
benodigde apparatuur; onvoldoende vaardigheden van personeel voor het
werken met geospatiale data, het verrichten van veldonderzoek en het
hanteren van GIS-veldactiviteiten; en hoge kosten van GIS-gerelateerde
software, licenties, en jaarlijkse upgrades. De kwalitatieve data-analyse
bracht zeven knelpunten aan het licht met betrekking tot het gebruik van GIStechnologie, namelijk beperkingen met betrekking tot: (1) geospatiale data,
(2) technologie, (3) GIS-apparatuur, (4) institutionele en bestuurlijke
aspecten, (5) financiële, (6) economische aspecten, en (7) sociale aspecten.
GIS-gebruik in organisaties die te maken hebben met gezondheid vereist dat
de Oegandese regering een GIS-technologie beleid vaststelt en de
verantwoordelijkheid voor de Oegandese GIS-gegevens toewijst aan een
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ministerie. Dit zal GIS-professionals in staat stellen om meer bewustzijn te
creëren door middel van praktische voorbeelden van succesvol gebruik van
GIS-technologie. Ook moeten gezondheidsorganisaties, GIS-professionals,
gebruikers van GIS-technologie, geospatiale producenten en geïnteresseerde
individuen gezamenlijk een geïntegreerde en collaboratieve geospatiale datainfrastructuur ontwikkelen en implementeren. Dit biedt mogelijkheden voor
de uitgebreide beschikbaarheid van en toegang tot geospatiale gegevens, en
voor de uitwisseling van gegevens. Een dergelijke geïntegreerde
collaboratieve geospatiale data-infrastructuur moet niet op zichzelf staan. In
plaats daarvan moeten alle partijen in de GIS-arena eraan bijdragen.
Hoofdstuk 6 onderzoekt de effecten van het gebruik van GIStechnologie in organisaties in de gezondheidszorg in Oeganda. De meest
invloedrijke gevolgen van het gebruik van GIS-technologie zijn: dataintegratiemogelijkheden, database-inhoud vermogen, duidelijkheid en
leesbaarheid, de identificatie van tekortkomingen in de dienstverlening, een
betere besluitvorming en planning, en billijkheid (evenredige toewijzing van
middelen aan de juiste gemeenschappen). Zeven voordelen met 42
onderliggende subcategorieën kwamen naar voren: de kwaliteit van het
systeem, de informatiekwaliteit, het gebruik van informatie, individuele
effecten,
gebruikerstevredenheid,
organisatorische
gevolgen
en
maatschappelijke gevolgen. Daarnaast waren er vier nadelige thema's met
zeven onderliggende subcategorieën: systeemkwaliteit (subcategorieën:
technisch en GIS-apparatuur), impact op de organisatie (subcategorie:
institutioneel), gebruikerstevredenheid (subcategorie: attitude), en
maatschappelijke impact (subcategorieën: juridisch, sociaal en economisch).
De voordelen van het gebruik van GIS-technologie variëren van het
verminderen van operationele kosten tot het verbeteren van data-integratie,
en van toegankelijkheid tot het delen en gebruikmaken van
gezondheidsinformatie.. Negatieve aspecten variëren van de vereiste
expertise, problemen met de datakwaliteit, jaarlijkse softwarevernieuwing
en dure hardware, en de vereiste middelen tot de aanschaf en het onderhoud
van een GIS-infrastructuur, en van tijdsbeperkingen en bedreigingen van
privacy tot het veroorzaken van een reductie van personeel en werkloosheid.
Omdat de meeste van de niet-GIS-gebruikers wel waren opgeleid maar niet
de beschikking hadden over een complete GIS infrastructuur om hun
expertise uit te oefenen, kwamen de voordelen verwoord door niet-GISgebruikers over het algemeen overeen met die van GIS-gebruikers. De
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bevindingen geven organisaties in de gezondheidssector inzicht in de
voordelen van GIS adoptie, en informeren technologie-ontwikkelaars dat de
GIS-software niet voldoende gebruiksvriendelijk is. Omdat het gebruik van
GIS-technologie groeit in Oegandese organisaties in de gezondheidssector, is
het nodig partijen bewust en gevoelig te making, zodat de adoptie van GIS
wordt aangemoedigd en de neiging tot samenwerking, partnerschap en het
delen van geospatiale data wordt bevorderd. Dit zal steeds belangrijker
worden, omdat web-gebaseerde GIS-technologie de toegang tot en de
distributie
van
geospatiale
gegevens
en
informatie
over
gezondheidsorganisaties zal vergemakkelijken.
Hoofdstuk 7 vat de voorgaande hoofdstukken samen door de
bevindingen van de onderzoeken in dit proefschrift te bespreken, te
reflecteren op de methodologie en uitkomsten en suggesties te geven voor
toekomstig onderzoek. Het hoofdstuk begint met een overzicht van de
onderzoeksdoelen en -vragen, gevolgd door een overzicht van de
bevindingen van elk deelonderzoek. Vervolgens bespreken we en reflecteren
we op de onderzoeksaanpak en de uitkomsten van de gecombineerde studies.
Dit hoofdstuk eindigt met aanwijzingen voor toekomstig onderzoek en
aanbevelingen voor de praktijk. Samenvattend heeft dit proefschrift
aangetoond
dat
het
gebruik
van
GIS-benaderingen
voor
gezondheidsactiviteiten de potentie heeft om besluitvormers in de
gezondheidszorg te helpen de geospatiale relatie tussen geografie en
gezondheid te begrijpen. De aanbevelingen kunnen de acceptatie en het
gebruik van GIS-technologieën als beleidsinterventie verbeteren om de
dienstverlening te ondersteunen en om gezondheidsproblemen in het
algemeen het hoofd te bieden.
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Appendix 1: Interview Guide for Organizations Using GIS
INTERVIEW GUIDE FOR ORGANIZATIONS USING GIS
Faculty of Behavioral Sciences of the University of Twente, P.O.BOX 217,7500 AE
Enschede. The Netherlands.Tel:+31 ( 0) 686485015, Email: bwnyemera@utwente.nl
PhD research project: a survey on the use of Geographical Information
Systems in the health sector organizations of Uganda. January 2013.
The aim of this survey is to investigate how Geographical information systems has
been used in both private, public, non-profit Non-governmental organizations, UN
Agencies health sector organizations. The interviews will be administered by
members of the research team. We thank you for your support and understanding.
Your answers will be treated confidential and kept anonymous in the analysis and
presentations of the results
Name of respondent
Organization
Designation
Address
Email
Telephone
Fax
Date
A.
1.

Opinion and views of Geographical Information System from the health
sector perspective in Uganda
Can you tell what you know about Geographical Information Systems?
a. Can you explain how learnt how to use GIS in your organization?
b. What type of GIS software does your organization use?
c. Can you describe with specific examples, which factors are influencing the
use/engagement of GIS in your organization?
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B.

Current nature of uses of GIS in the health sector organization in
Uganda
2. Can you mention any recent activities in which GIS is used within your
organization?
a. Can you describe in detail examples of the use of GIS activities?
b. Why did you use GIS in these activities?
c. How did you use GIS in these activities?
d. What kind of results did you get?
e. What did you do with the results?
f. What kind of other decisions has GIS been useful?
C. Advantages and disadvantages associated with the use of GIS
3. Can you tell me what you see as advantages of using GIS?
a. Can you mention as well any other advantage in specific activities
associated with the use of GIS that you have not mentioned earlier?
D. Problems associated with the use of GIS within health sector
organizations
4. Did you experience any problems when using GIS in these activities?
a. If yes what kind of problems did you experience?
b. How did you solve these problems?
(these are back up questions to be asked if they don’t say anything about it)
c. Can you please elaborate the problems you associate with Usability of GIS
in your organization in:
Integration of data for decision making
Staff expertise (training)
Health infrastructure
d. Are there any other problems as well?
5. Can you mention any other activities in which you could use GIS but you have
not used it?
a. Why didn’t you use GIS in these activities?
b. What kind of information would you get?
c. How would you use GIS in that case?
E. Disadvantages associated with the use of GIS
6. Can you tell me what you see as disadvantages of using GIS?
a. Can you mention as well any other disadvantages in specific activities
associated with the use of GIS that you have not mentioned earlier?
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F.

Factors influencing the internal and external exchange of geospatial
data within the health sector organizations in Uganda
7. To what extent do you use GIS to exchange geospatial data and information
with other health sector organizations?
a. Can you describe which factors are influencing exchange/sharing of
geospatial data between the health sector organizations?
b. Can you tell again other possible activities that you have not mentioned
which are influencing exchange/sharing of geospatial data between the
health sector organizations?
c. Which factors influence decision not to exchange data OR which
problems are currently hindering exchange/sharing of geospatial data
between health sector organizations?
G. Extent and implications of GIS use in the health sector organizations in
Uganda
8. To what extent does the use of GIS change organizational decision making
process of your organization?
9. Can you describe how you perceive the future use of GIS in your
organization?
10. Can you please give a name of any health sector organizations using GIS?
11. Please make any other comments or observations that may have occurred to
you?
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Appendix 2: Interview Guide for Organizations NOT Using GIS
INTERVIEW GUIDE FOR ORGANISATIONS NOT USING GIS
Faculty of Behavioral Sciences of the University of Twente,
P.O.BOX 217,7500 AE Enschede. The Netherlands. Tel:+31 ( 0) 686485015,Email:
bwnyemera@utwente.nl
PhD research project: a survey on the use of Geographical Information
Systems in the health sector organizations of Uganda. January 2013.
The aim of this survey is to investigate how Geographical information systems has
been used in both private, public, non-profit Non-governmental organizations, UN
Agencies health sector organizations. The interviews will be administered by
members of the research team. We thank you for your support and understanding.
Your answers will be treated confidential and kept anonymous in the analysis and
presentations of the results
Name of respondent
Organization
Designation
Address
Email
Telephone
Fax
Date
A.

1.
2.
B.

3.

Opinion and views of Geographical Information System from the health
sector perspective in Uganda
Can you tell me what you know about Geographical Information System?
What is your opinion about the use of GIS in your organization if there was
an opportunity? Please elaborate.
Nature of use of GIS in the health sector organizations in Uganda
For what purpose would you use GIS if it could have played role?
a. For which activities would you use GIS if it could have played role?
b. How would you use GIS in your organization ?
c. Why would you use GIS in your organization?

363

4.

5.
6.
7.
C.

8.

9.

10.
11.

D.

12.
13.
14.
15.
16.
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In which other activities would GIS be used in your organization if you were
to implement it? for example disease tracking or monitoring, health education,
strategic planning and utilization etc. Can you please elaborate
a. Why would you use GIS in those activities?
b. How would you use GIS in those activities?
How do you think the use of GIS will affect the performance of this
organization if you had an opportunity to implement it?
Can you describe with specific examples, which factors would influence the
use/engagement of GIS in your organization?
Do you see possible benefits of using GIS if you have the opportunity? Can
you please give in which specific areas
Factors hindering the wider use of GIS and exchange of geospatial data
within the health sector organizations in Uganda
Can you describe different factors influencing none use of GIS in your
organization? OR what factors are contributing to a none use of GIS in your
organization?
What do you think should be done to improve the use of GIS to support
health services in your organization or within the health sector organizations?
Please elaborate
To what extent do you share/ exchange data and information with other
health sector organizations?
Which factors influence decision not to exchange data OR which problems
are currently hindering exchange/sharing of data between health sector
organizations?
Extent and implications of GIS use in the health sector organizations in
Uganda
To what extent do you think the use of GIS would change organizational
decision making process of your organization if you had it?
Can you describe how you perceive the future use of GIS in your organization
if you have opportunity to implement?
How are you performing tasks which could be achieved with the support of
using GIS? please can you tell specific examples
Can you please give a name of any health sector organizations not using GIS?
Please make any other comments or observations that may have occurred to
you?

Appendix 3: Table 3.10. Existing GIS sub-multi-purpose and thematic activities
Literature multipurpose GIS
activities
(Applications)
Community health
profiling

Current empirical
sub-multipurpose GIS
activities(Applica
tions)
Community health
profiling

Current existing thematic GIS activities (Application)

Create community tasks for community health service delivery a case study of TASO-Mulago
Getting community characteristics like demographic characteristics and how they link to
diseases transmission
Getting the community based prevalence data about specific diseases by compiling e.g. the
age and sex to match with disease burden in the community
Social research and some community characteristics to understand attitudes, knowledge and
certain practices in terms of certain diseases in communities
Mapping and collecting community data and knowledge of the services offered e.g. TB,
malaria, HIV/AIDS, reproductive health and Family Planning
Mapping and collecting community data on attitude towards social services offered and
people’s behavior practices in relationship to those services offered
Mapping the distribution and performance of services at district and communities levels to
map out the communities at risk
Mapping community access to services such as HI/AIDS services, Reproductive Health and
Family Planning, TB, PMCT and counselling services
Mapping coverage of services in the community e.g. residual in-door spraying, distribution
of mosquito nets, immunization coverage, child OVC sponsorship
Vulnerability assessment and mapping, identifying poor households and gaps existing
District Community profiling to enumerate community activities done in a particular district
thus determining the district profile
Mapping places to geo-location of services to know the gaps available to provide services to
the communities

365

Literature multipurpose GIS
activities
(Applications)

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

Coordination and
Monitoring
immunization
programs
Crisis management

Coordination and
Monitoring
immunization
programs
Crisis management

Disease surveillance

Disease
mapping/Mapping
and tracking of
diseases and
participants
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Current existing thematic GIS activities (Application)

Mapping locations and distribution of village health team (VHTs) or community health
workers programs
Community level interventions for child health – specifically integrated community case
management of childhood illnesses
Mapping out education facilities in the community
Monitoring and tracking the immunization program
Mapping the districts that have carried immunization exercise against childhood diseases
Mapping the coverage of immunization campaigns and the cases of diseases which can be
used for monitoring of immunization
Mapping risk factors /disasters (floods, disease outbreaks, landslides) and populations most
at risk
Crisis management mapping and determining location of IDPs in northern Uganda
Mapping on road accidents, speed control and taking stock of road accidents
Mapping injury, trauma and disability which has a lot of connection with the road accident
issues
Analyzing disaster, response and recovery to ease planning and decision making for logistics
to these communities
Mapping locations prone to HIV/AIDS and most at risk populations
Mapping and identifying disease outbreaks (Ebola, Murberg, Cholera)
Clustering of diseases (e.g. mapping for the census in the general Population Cohort, Entebbe
Mothering Baby Study and Jinja Cluster Randomized Trial project)
Identifying local or environmental risk factors to determine associations with geographical
factors e.g. altitude to determine areas prone to malaria
Mapping of the geographical spread of a disease on a map to link it to other features like
rivers, lakes, mountains

Literature multipurpose GIS
activities
(Applications)

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

Disease modeling

Health care research
and
management(Health
facility access,

Data management
platform

Current existing thematic GIS activities (Application)

Mapping out and tracking Neglected tropical diseases (NTDs) trypanosomiasis (sleeping
sickness), bilharzia, guinea worm, leprosy, Lymphatic filariasis, onchocerciasis, and soil
transmitted disease ailments(e.g. trachoma, Ascaris, whipworms and hookworm)
Mapping malaria prevalence, prone areas and prevention programmes
Mapping diphtheria, pertussis (whooping cough) and tetanus (DPT3) coverage by district,
Mapping a healthier future using spatial analysis for decision making to identify hot spots of
poor sanitation which occur in water/water coverage and hygiene and sanitation
Mapping patients locations, the spread of diseases and conducting TB intervention areas
located in the regions
Mapping of water sources to determine which sources are contaminated and which ones
have clean water to control disease spread
Identify areas affected, populations at risk, extent of the outbreak to plan for logistics and
man power to prevent the spread of the disease.
Mapping epidemiological surveillance of laboratory sample route analysis for a period of
time to control and manage disease outbreaks
Describing networks of how HIV is transmitted within social networks to determine a
spatio-temporal transmission of HIV within populations
Mapping and obtaining small area estimates of malaria transmission rate to predict the
spatial temporal malaria
Hot spot analysis of diseases
A trend analysis (time series) analysis of HIV prevalence for the districts
Presentation of results with attached geographical locations to an activity or services for
guiding evidenced based decision making
Data collection, analysis, storage and dissemination
Production of maps showing coverage of interventions and trainings
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Literature multipurpose GIS
activities
(Applications)

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

utilization and
planning)
Education training
tool

Health care research
and
management(Health
facility access,
utilization and
planning)
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Health care
research and
management
(Health facility
access, utilization
and planning)

Current existing thematic GIS activities (Application)

Developed a health mapper for managing health information designed by WHO for public
health administrators at national or district level
Data standardization, collection and updating of data on epidemiology
Training, scheduling and planning for staff
Training tool in data management to provide capacity building to the health facilities and the
district authorities
Determining research/study area in day to day activities and data presentation and training
Training management staff at the ministry of health to know where GIS can be applied for
health activities to improve their decision making on disease outbreaks.
Training participants of different health facilities and district health officers (DHOs)
Training clients with raw knowledge of GIS to fulfil their demands eg MJAP trained their staff
in interpreting maps and using GIS in their field of HIVAIDS
Guidance in research studies, to establish target areas/population and sample size
Research to support patients visit near clinics to them and to understand utilization pattern
of HIV/AIDS patients of clinics near their residences to know whether they go there or not
During proposal writing to show and display the distribution of partners dealt with or
worked together previously
Mapping distances of patients home to the facility and the number of patient accessibility for
services
Determine number of people accessing a specific facility to identify gaps
Mapping of access to HIV testing, treatment and prevention of mother-to-child transmission
in conflict affected Northern Uganda.
Determine utilization pattern of prevention of mother to child transmission (PMCT) of
HIV/AIDS to encourage its use and know whether the mothers access the health facilities
easily

Literature multipurpose GIS
activities
(Applications)

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

Current existing thematic GIS activities (Application)

Baseline surveys to collect spatial and attribute health data to be used for planning and
evidence-based decision making to control and manage diseases and disasters
Calculating the distances to be covered for fieldwork activities
Surveys and research outlet audits to track the availability and stocks of anti-malarias in the
outlets
Mapping of the stock outs
Mapping households of the study area work cohort(Rakai community cohort study), and key
places like the water sources, hospitals, health centers.
Research to map communities where research is taking place, location of households,
physical features
Mapping of water source and sanitation facilities in Bwaise, health economics to determine
financially sustainable and non-sustainable facilities in slum areas
Design for Celtel company to carry environmental audits to know the best station
Mapping accessibility and utilization of sexually transmitted infections services
Mapping accessibility and utilization of care and social support( pallative care, Psychosocial
Support, Anti Retrovirals (ARV) services
Identify areas of most at risk populations such as traders, fishing communities, track drivers,
and sex workers
Spatial analysis of health outcomes whether they were clustered within geographical areas
or not
Operational research, Policy and advocacy
Uganda demographic health survey (DHS) sub-regions in the districts(household survey) to
guide to generate a frame for sampling from the database
Mapping human resource availability

369

Literature multipurpose GIS
activities
(Applications)
Health care research
and management
(Health facility
access, utilization
and planning)
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Current empirical
sub-multipurpose GIS
activities(Applica
tions)
Human resource
management
mapping
Interactive Webbased GIS mapping
platform

Current existing thematic GIS activities (Application)

Production of maps showing the staffing levels per district, to identify unfair distribution
and the gaps in the staffing levels within the country
Developed interactive web-based mapping GIS platform for updating, access, exchange and
sharing of data and information on internet on real time
Designing interactive web-based mapping GIS platform for outlined councilors
Mapping the locations of areas of operations of sub-grantees using the GIS platforms
Mapping health facilities and updating on health facility database to come up with a clean
health facility database with geographical locations
Developing interactive customized GIS web-based system
Creation of google short message service (SMS) for general packet radio service (GPRS) of
the different locations in a pilot area and information uploaded on google earth.
Building country owned GIS-integrated, functioning and sustainable health system which
operates at community, local and national level
Integrating GIS in the existing MOH system HMIS
Designing the GIS-based water system in Kabale
Web-based design of GIS system called DevTrac website (http://www.devtrac.ug/statistics)
in UNICEF which is used for real time reporting of public services in Uganda.
Develop a GIS web-based DHIS2 system in MOH
Developing orphans and vulnerable children information system (OVC)
Developing Uganda national HIV/AIDS information system.
Integrated GIS elements into MJAP system
Quarterly and annual performance reports Quarterly reports for health indicators,
disaggregated by district, region

Literature multipurpose GIS
activities
(Applications)

Health care research
and
management(Health
facility access,

Current empirical
sub-multipurpose GIS
activities(Applica
tions)
M&E and
performance
reporting

Mapping location
of clients,
distribution of
facilities,

Current existing thematic GIS activities (Application)

Monitoring of services, distribution of resources and other health commodities in different
areas
For reporting of district interventions and making presentations to stakeholders because the
current project has graphical connotation
Decision making to show the districts where they are working, show achievements in each of
the districts for a specific quarter and compare it with the targets
Mapping organization activities and capturing coordinates for service sites across the
country in terms of performance
Trend analysis on services like the family planning presenting trends in service statistics by
district
Reporting presidential emergency fund for AIDS relief for health activities
Measuring performance in terms of targets according to the health strategic plan and the
target according to the water sector plan
Tracking performance of districts
Monitoring social service delivery to empower districts to monitor social service delivery
Monitoring areas of drilled boreholes and reporting tool for WASH program
Uganda demographic health survey (UDHS) data collection, analysis, report writing and
publication of the report and dissemination country wide to stakeholders
M&E of the work done by intermediaries
Support tool for the production of important reports and a number of districts state
environment report
Mapping of public and private health facilities and drug shops in project intervention areas,
to identify gaps
Mapping locations of blood screening and condom distribution
Mapping location and tracking study participants/patients
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Literature multipurpose GIS
activities
(Applications)
utilization and
planning)

372

Current empirical
sub-multipurpose GIS
activities(Applica
tions)
intervention,
programs,
activities coverage,
districts

Current existing thematic GIS activities (Application)

Mapping the distribution of mosquito nets, distribution of beneficiaries
Mapping the locations of clients/patients/participants
Mapping health facilities where health workers have been trained and those not yet trained
Mapping existing and potential areas of operation, interventions completed in areas of
operation and clients reached with various services
Mapping different health facilities for saving mothers and giving life projects which aims at
reducing mortality and maternal death
Mapping different health facilities in locating maternal death where mothers are dying most
in 4 districts.
Facility based versus home-based provision of Antiretroviral drug therapy (ART) delivery
trial to exactly specify the location of households
Mapping the locations of village health teams
Mapping deliveries in government and private not for profit (PNFT) facilities by district
Mapping out the location and distribution of health facilities who have benefited from the
modern solar energy for rural transformation project
Mapping out of health facilities and population settlements to know geospatial distribution
of facilities in relation to population of those areas to identify gaps
Mapping and collecting data points on water sources and sanitation facilities in the district
to identify contaminated sources and districts with poor sanitation facilities
Mapping out trainings participants/trainees under different districts
Mapping multi-Drug resistant TB (MDR-TB) national and regional referral treatment health
facilities, diagnostics laboratories for MDR- TB, and follow up clinics
Mapping households of orphans and Vulnerable children(OVC
Mapping programming interventions focusing on different thematic areas like education,
health livelihoods well-being analysis, sponsorships and child protection.

Literature multipurpose GIS
activities
(Applications)

Health care research
and
management(Health
facility access,
utilization and
planning)

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

Service availability
mapping

Current existing thematic GIS activities (Application)

Mapping location of organizations intervention activities like HIV/AIDS and associated
infections STDs, male circumcision, reproductive health research and service delivery
Mapping outreaches and mobile clinics for fishing communities in some districts where
static facilities are not yet available
Mapping the distribution of given indicators by region or by sub-regions across the country
like total fertility rate by sub-region
Mapping of national population and household census
Mapping the geographical coverage of the districts supported with comprehensive HIV
services, in health systems strengthening, districts for cervical cancer prevention services
Mapping new health facilities sites that have been accredited to provide HIV anti-retroviral
therapy and other HIV/AIDS services
Mapping health facilities providing services in early-infant diagnosis project
Producing maps to determine which health facilities have received or have not received
solar energy
Mapping health facilities inventory and infrastructures for the whole country
Mapping the health facility catchment area for specialist services
Mapping districts which have received pneumonia immunization, support operational costs
of the initiative, training and social mobilization.
Mapping HIV/AIDS counselling and testing project split across Uganda to identify locations
where to setup other counselling centres that attract people
Mapping health facilities offering MDR-TB services (diagnosis, care, counselling and
treatment) to determine the accessibility of TB services by the affected clients
Mapping the support referrals to let the communities know where to access quality
affordable health care
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Literature multipurpose GIS
activities
(Applications)

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

Stakeholders and
service provider
mapping

374

Current existing thematic GIS activities (Application)

Mapping the coverage of the health facilities providing safe male circumcision services
(SMC), the outreach sites and the types and coverage of our activities, number of individuals
who have been offered SMC
Mapping intervention areas for family planning and contraceptive services, reproductive
health services
Mapping the distribution of reproductive health commodities e.g. contraceptives( implants,
injectable, condoms, pills), family planning commodities( items for insertion and removal of
intrauterine device(IUDs), vasectomy, tubal ligation, implant insertion), delivery(MaamaKit)
Mapping health facilities providing reproductive health services to know kilometers a
mother has to travel on average to access health facility services
Service availability mapping of diseases such as Ebola in Kitgum, Kabala, Kibake, Luweero,
northern Uganda; Marburg, cholera, yellow fever and typhoid in Kasese
Mapping the implementing partners to know who does what where (3Ws) to identify gaps
and focus attention to those areas
Mapping out organization and partners program areas and coverage
Mapping decentralized activity responses per district and national level coverage by
different implementing partners
Mapping districts where implementing partners are operating to support management of
essential medicines
Mapping districts where stakeholder sensitization(district leaders) of indoor residual
spraying guidelines has been carried to know the implementation status
Mapping the distribution of organizations supported and funded by USAID to know who
does what where to avoid duplication of resources and services.
Mapping existing geographic features in districts for implementing partners to ease
implementation of projects

Literature multipurpose GIS
activities
(Applications)
Health care research
and
management(Health
facility access,
utilization and
planning)
Strategic health
planning

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

Current existing thematic GIS activities (Application)

Mapping HIV/AIDS service providers areas of operation, services they provide per district
Determine stakeholder strategy(behavior change, PMTCT services, blood safety, HCT,STD
services

Strategic health
planning

Mapping existing and areas to develop new health facilities
Mapping service coverage and equitability distribution of the service providers
For targeting setting of various interventions to specific beneficiaries and showing areas of
operations as projects are implemented at health facilities
Strategic planning in redeploying of field teams and strategies of operation
Strategic planning to determine how logistics can be supplied and deployed in the affected
areas using evidence-based decision making
Facilitates decision making for equitable resource allocation
Strategic planning and equitable distribution of health commodities and immunization
services to cater for voiceless vulnerable groups
Strategic planning of TB control and management to guide in calculation of distance from a
household to facility to give transport reimbursement e.g. if a patient is under daily directly
observed therapy(DOT)
Determine equitable distribution of resources according to the bigger numbers of health
facilities and clients to cater for regionally
Geo-focusing policy of the country development
Determining interventions where they would be located, boreholes would be drilled, used in
reporting by Action Against Hunger(development agency)
Strategic planning in allocation of limited resources, based on the gaps
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Literature multipurpose GIS
activities
(Applications)

Food
security/insecurity
and Health nutrition
livelihood

Health Education
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Current empirical
sub-multipurpose GIS
activities(Applica
tions)
Supervision of coworkers
(supervision tool)
Food
security/insecurity
and Health
nutrition
livelihood

Health education,
advocacy and
communication

Current existing thematic GIS activities (Application)

Supervision of fieldwork when the staff goes to the field(supervision of co-workers)
Determine geospatial variation in household food security and nutrition-relevant variables
e.g. population densities, crop yields and malnutrition rates
Development on economic growth in agriculture to feed the future program to reduce
malnutrition rates
Infrastructure and livelihood project with environmental components passing through
swamps
Mapping of food insecurity sub-counties to get support from WFP and respond to the famine
to fight malnutrition
Mapping communication stations like radio stations, TVs, SMS to conduct sensitization,
advocacy and social mobilization campaigns for health behaviours
Mapping social marketing programs (for condom use, insecticide treated nets) to educate
and create awareness on the importance of adapting health behaviors
Guide maternal health advocacy project by mapping areas of intervention to empower
communities to promote demand for accountability and utilization of maternal, sexual and
reproductive health services
Mapping of the districts where sensitization has already been done and where sensitization
supposed to be done next.
Health education by educating communities about the dangers, mode of transmission of
these diseases and how the diseases can be prevented.
Health education and Male circumcision mapping done through social mobilization to create
awareness (sensitization meetings, village meetings and media approach like radio
programs, newspapers, spot radio messages and video songs)

Literature multipurpose GIS
activities
(Applications)
Fleet management
and vehicle and
health commodities
tracking

Risk analysis

Current empirical
sub-multipurpose GIS
activities(Applica
tions)
Fleet management
and vehicle and
health
commodities
tracking

Risk hazard
mapping and
disaster
preparedness

Current existing thematic GIS activities (Application)

Fleet management to manage, control and know vehicle movement and fuel consumption,
distance traveled
Monitoring and support supervision tool of vehicles sent for fieldwork health related
projects activities
Monitoring staff when performing town errands in the headquarters, to do administrative
work around the city.
Tracking vehicles , monitoring and management of fleet distributing commodities on transit
across the country
Site mapping to monitor the schedules per cycle of the movements of cars and the progress
they make as the delivery state
Vehicle Tracking and Security Systems
A scanner sensor reader or barcode readers to transmit information into the system to know
the number of boxes being packed into a truck(like the ones in supermarkets where you
pass the item through the barcode scanner
Monitoring temperature monitoring systems
A tool for travel guide
Monitoring of vehicles to know its location, speed of movements and fuel consumption
Cargo tracking, radio frequency identification used by the private sector for tracking cargo
Mapping intervention areas and developing street maps in urban DRR project.
Disaster risk hazard mapping i.e. risk mapping of disaster risk prone areas
Risk hazard mapping of small affected communities by disasters, risks prone areas (hot
spots ), determine the extent of risks and forecast in eastern Ugandan
Risk mapping for all risks for western Uganda (landslides, mudslides, floods, populations at
risks, malaria, hailstorms, lightening, drought, those areas that are prone to disasters and
emergency health outbreaks like, cholera, Marburg, Ebola)
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Literature multipurpose GIS
activities
(Applications)

Current empirical
sub-multipurpose GIS
activities(Applica
tions)

Current existing thematic GIS activities (Application)

Multi hazard risk and vulnerability mapping of the Rwenzori, Teso regions, the Acholi, west
Nile and Karamoja regions
Strategic Environment Assessment (SEA) for the Albertine region and oil refinery to
determine the effect to animals NOT human beings
Water resource management like water quality assessment to know contaminated water,
least contaminated
Mapping pollution, ground water movement, testing bacteria alkaline in most of the springs
in Kampala areas
Mapping the encroachment in wetland areas to understand the distribution, the historical
profile how it came about and to understand the associated flood risks
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Appendix 4: Table 3.11. Potential GIS activities
Literature multipurpose GIS
activities
(Application)
Health care research
and
management(Health
facility access,
utilization and
planning)

Empirical sub-multipurpose GIS activities
(Application)
A web-based GIS
information system

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Integrating/linking GIS to already existing dataset for a district to
Google maps
A GIS web-based mapping and spatial data management tool
Developing early warning systems for droughts like for dry
corridors like Karamoja and the cattle corridors of Nakasongola.
Use web-GIS to incorporate the human resource information
systems to keep details of health workers interface
Web-based GIS to link to human resource information for dashboard
advertising screens
Online/ Web-based GIS spatial data sharing
e-mapping to update and populate database by capturing all
HIV/AIDS partners
Developing specific individual addressing property addresses of the
health facilities
Integration of GIS information with HMIS
Construction of satellite imagery to get the different features in a
particular area that are of interest to a person in health
Develop GIS web-based information sharing and knowledge
management system for controlling and preventing disease
outbreaks
Create web-based centralized GIS database system to be easily
managed at central public health laboratories to ease tracking
sample flow of blood from all Health facilities
Surveys and research

GISGIS
nonusers
users
x
x
x
x
x
x
x
x
x
x
x
x
x
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Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Health care research
and management
(Health facility access,
utilization and
planning)
Health care research and
management (Health
facility access, utilization
and planning):Surveys
and research
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Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Identifying gaps in service delivery
Study patients especially pregnant mothers under antenatal care
Research studies like buffering health facilities to determine
accessibility to services and initiate outreaches, if the health facility
is far from where the population is located
Mapping the distance between health facilities providing
antiretroviral drug treatment for HIV/AIDS clients
Mapping accessibility of health services by the community in health
facilities
Identifying gaps in service accessibility, the population that travels
far to get services
Research cohorts studies basically on the General Population Cohort
of mother-baby study to look for clustering of disease and the
location of participants
Relate poverty with malaria cases in various areas of interest
Study follow-up of HIV/AIDS and TB patients under treatment
Mapping 3delays (3Ds)delay in making a decision of where to go,
delay to travel to that facility, delay at the facility
Analyze the distance between those OVC households and points of
service delivery of health facilities.
Operational research, capacity building of the districts to network to
increase knowledge management in information sharing,
operational research
Mapping clients locations and distances to access health services for
purpose of follow-up

GISGIS
nonusers
users
x
x
x
x

x

x

x

x

x

x
x
x
x
x
x
x

x

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Research programs for tracing participants enrolled and are in a
long time follow-up
Mapping and locating the beneficiaries of some defined health
services to know whether the beneficiaries are just clustered in one
place or distributed across the setting being provided services.
Utilization of health services (determine the real distance on the
ground and time a client can spend to travel to that health facility)
Research studies and trials of HIV/AIDS vaccine to map the location
of study participants and boundaries of the study area to determine
where participants are recruited from for easy follow-up
Planning operational activities such as recruitment of trial patients,
research, movement of vehicles to know the disease prevalence in
affected areas, number of people affected
Research determining and locating practicum study sites(locating
training sites for students)
Research and mapping physical residences to analyze data based on
location of diseases, patterns of diseases according to where and
how people stay to know the extent and the number of people
located in a particular area
Determine boundaries of study research areas
Monitoring of resource distribution and utilization of health centers
to determine how many participants visit health facility in that area
Identifying the districts and number of male circumcised or people
accessing circumcision services

GISGIS
nonusers
users
x
x
x
x
x
x
x
x
x
x
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Literature multipurpose GIS
activities
(Application)
Health care research
and management
(Health facility access,
utilization and
planning)

Empirical sub-multipurpose GIS activities
(Application)

Mapping distribution and
location of facilities,
intervention areas and
activities/Programs

Mapping distribution and
location of facilities,
intervention areas and
activities/Programs
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Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Planning to identify concentrated/densely populated areas of the
population to get good catchment of blood donors other than going
to sparsely populated places
Mapping the distribution of pharmacies
Locate health facilities
Identifying schools near health facilities
Mapping water facilities like boreholes
Mapping churches and markets
Mapping constructions and constructed health facilities
implemented by the districts or local governments,
Mapping village health teams (VHTs)
Mapping out the location of health facilities for reproductive health
and HIV/AIDS
Mapping location of assets like computers, vehicles (support to
programs by assets management)
Mapping and tracking the construction of building more health
facilities
Mapping locations of training venues in the communities
Mapping locations of intervention districts in all regions
Mapping activities coverage and those communities areas provided
services so far
Mapping interventions areas of different projects grading them
according to types of services provided

GISGIS
nonusers
users
x
x
x
x
x
x

x

x

x
x

x

x

x

x
x
x
x
x
x

x

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Mapping location coverage of activities or activities being carried in
intervention areas
Initial stage of planning when the country office calls to select for
the next lot of districts for interventions
Reproductive health to see the immunization turn-over e.g. to know
the factors that influence the turn up for immunization
Track projects
Mapping different facilities across the districts of interventions and
those supported districts to understand the distribution
Mapping locations of OVCs households to know the geographical
feature distribution OVC, concentration areas, sparse and regions
where they stay
Mapping homes visited and the health centers supported to
determine the kind of support to they need
Mapping the homes of the community resource persons to the
number of community resource persons, amount of resources
needed per district i.e. money or equipment’s, areas given the
money, equipment and amount spent and equipment supplied
Mapping supported districts to know whether households
supported are uniformly or sparsely distributed all over
Mapping locations of patients for easy follow ups of from their areas
of residences by health visitors
Production of locators maps to use the data for all other aspects of
research

GISGIS
nonusers
users
x
x
x
x
x
x
x
x
x
x
x
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Literature multipurpose GIS
activities
(Application)
Health care research
and management
(Health facility access,
utilization and
planning)

Empirical sub-multipurpose GIS activities
(Application)

Human resource
management mapping

Monitoring and
evaluation of
organizations
interventions/activities
and performance
reporting

384

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Mapping different health units and outreach sites, mobile clinics and
urban poor partnering sites to easy monitoring mobile van clinic
vehicles in the field
Mapping urban poor population to know the locations of HIV/AIDS
urban poor clients to help in evidenced decision making and
planning
Mapping trained health facility staff on solar energy use
Determine the distribution of the health workers according to the
districts where they are employed, the sub counties and the actual
health facilities
Mapping of location coordinates of health facilities and the staff in
respective health facilities to know whether there is equitable
distribution of health workers
Use web-GIS to incorporate the human resource information
systems to keep details of health workers interface
Human resource mapping of staff locations in case of time of
emergencies if they are needed, to ease to find the them
Monitoring activities and reporting performance reporting
National joint HIV and TB support supervision
Track coverage of activities to know areas covered well with
activities and which ones are not covered well
Generate performance reports to see organization performance and
to determine whether objectives and targets have been achieved
Monitoring of health facilities, location information on the facilities
and any other high level data to know which areas have high

GISGIS
nonusers
users
x
x
x
x
x
x
x
x
x

x

x
x
x

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)
Monitoring and
evaluation of
organizations
interventions/activities
and performance
reporting

Health care research
and management
(Health facility access,
utilization and
planning)

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
concentration of facilities, under served and to determine areas
without
Evaluation and assessment performance of health facilities to
determine gaps in intervention clinics, hospitals e.g. to know
number of health workers in a certain facility, determine gaps
equipment possession in each facility
Monitoring and tracking the amount of support provided to the
community resource persons by carrying validation to know
whether they reached the study homes
Reporting of activities to get information needed for decision
making to make timely informed decisions in different places
Monitoring and Evaluation of programs to track the prevalence,
incidences, disease burden in the areas of operation before and after
interventions
Monitor drug stocks to access information faster as to opposed to
someone bribing to guide planning the distribution movements to
minimize wastage of drugs
Monitoring mobile van clinic vehicles providing HIV/AIDS services
in the field and other surveys that are carried out in other sites like
outreach sites, and urban poor partnering sites
Monitoring implementing partners activities to avoid duplication of
services and resources
Monitoring and tracking the households of children that are under
sponsorship to provide counseling measures and know where the
household beneficiaries are distributed

GISGIS
nonusers
users

x

x
x
x
x
x
x
x
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Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Education teaching tool

Coordination
Service availability
mapping
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Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Monitoring different regional centers to communicate coverage
areas of interventions e.g. the districts of operations
Monitoring maternal death to facilitate decision making to enable
carry comparison of performance in different districts to know
which districts are performing well or badly so that attention can be
focused on those poorly performing districts
Monitoring immunization and vaccination programs to promote
practice of family planning to reduce population growth in order to
reduce land conflicts in the country
Monitoring and tracking the implementation of different program
activities in terms of where and when are they implementing
Monitoring of clients on HIV/AIDS, TB, STDs PMCT, safe male
circumcision, family planning treatment services to know their
progress and tracking those who are lost to know their reasons of
not reporting for treatment
Training health professionals without GIS expertise
Teaching about GIS use for health activities
A tool for training students
Create coordination role between GIS users
Identifying poorly performing health facilities with big populations
to provide services
Identify gaps in solar energy provision and training needs at
different heath facilities
Mapping households which are already using malaria kits like
mosquito nets

GISGIS
nonusers
users
x
x

x
x
x
x
x

x
x

x
x
x
x

x

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Service availability
mapping

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Mapping health facilities(health facility assessment)
Mapping health facilities (HIV/AIDS and TB area )
Project strides for family health focuses on reproductive health,
family planning, child survival, malaria and nutrition
Equitably distribution and monitoring of quality of the medicine
distributed
Identifying the service centres
Identifying bigger population service needs and areas that are
underserved and gaps in service delivery
Health facility needs assessment and risk mapping
Situational analysis for all the districts in health, schools, access to
water, access to maternal health
Guide in intervening in maternal health, tracking and mapping
renovated health facilities
Mapping, tracking and studying the status of health facilities in the
district
Service availability mapping to know health facilities providing
cancer ultra sound i.e. cleaning, treatment, care and counseling
services, physically, testing and advanced services
Mapping survey cancer cleaning clinical sites being used, developedup by partners and collaborators to know their distribution and 3Ws
Service availability mapping to determine drugs which best meets
the requirements of clients in areas where intervention clinics and
hospitals are located

GISGIS
nonusers
users
x
x

x

x
x
x
x
x
x
x
x
x
x
x

387

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Stakeholders and service
provider mapping

388

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Service availability mapping for identified community groups and
health facilities to know different HIV/AIDS services provided by
each community group and health facilities to refer the clients to
nearest group to their areas eg prevention,
counseling, treatment
Situational needs assessment such as in child sponsorship to
attached geographical component on the information disseminated
about work programs to identify gaps
Mapping health facilities that provide antenatal care services for
pregnant mothers and then also to track pregnant women
Mapping drug stock in and out to know different types of drugs
finished and still available
Determining the drugs to different health facilities for proper
allocation of resources
Mapping services provided and operation districts of each individual
service providers
Mapping and locating particular activities on-going on intervention
areas provided by different other stakeholders
Mapping coverage of activities provided to the communities by
government
Mapping and capturing service delivery outputs for each
stakeholders in the country
Mapping collaborators, partners that work jointly within Uganda
Identifying the level of coverage and output of HIV/AIDS activities
provided by each stakeholder

GISGIS
nonusers
users
x

x
x
x
x
x

x

x
x
x

x
x
x

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Functional GIS database

Strategic health planning

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Track coverage of health and health related activities country-wide
Service availability mapping of 3Ws - which partner is doing what,
map details of the organization, where they are located, the
coverage of their activities they are doing to easy coordination, their
contacts
Mapping stakeholders providing activities on HIV/AIDS, TB, STDs
e.g. HIV counseling, prevention messages, PMCT, safe male
circumcision, family planning, prevention of TB
Data collection, data processing
Communication and sharing information with stakeholders and at
the international level
Tool to archive/store and production of information (a databank)
Distribution and dissemination of results to ease the distribution of
research results because they would know where all the
participants are located instead of informing them to come to head
office
Capturing data and information on the facilities locations and any
other high level data that is required from the MOH for decision
making
Data collection, storage, processing, communication, distribution,
dissemination of and information sharing, populating, updating
database with information
Equitable resource allocation and monitoring

GISGIS
nonusers
users
x
x

x
x
x
x
x

x
x
x

x
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Literature multipurpose GIS
activities
(Application)

Strategic health
Planning

390

Empirical sub-multipurpose GIS activities
(Application)

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Gap analysis for locating and identifying appropriate site for health
facility construction (identifying right places for developing new
facilities) in relation to the population to be served
Rescheduling outreach teams in terms of locations
Equitable resource allocation to the needy
Planning and strategic intervention
Implementation and planning of programs approved at the end of
the year
Establishing health facility site allocation-location for regional
diagnostics laboratories for MDR- TB.
Broad strategies in health planning like promoting the integration of
reproductive health issues in development programs at national,
district and lower levels e.g. to know which areas have higher and
lower fertility rates
Equitable allocation of workforce at office level and fieldwork
workload and resources to the rightful beneficiaries and needy
areas to utilize them effectively
Situational analysis of the real problem and for program
management on daily activities carried
Planning for logistics to determine the distances staff would travel
for field work intervention areas, fuel consumption needed
Improve on the quality of assessments of different districts
implemented programs by adding a component of geographical
location, to locate where the exact services are and be able to attach
the statistical figures got

GISGIS
nonusers
users
x

x

x
x
x

x
x

x
x
x

x
x
x
x

Literature multipurpose GIS
activities
(Application)
Community health
profiling

Disease surveillance

Empirical sub-multipurpose GIS activities
(Application)

Community health
profiling

Disease surveillance:
Disease mapping

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Programming of carrying on daily activities to reduce duplication of
resources, services and data
Identify peoples/household residences and other attributes like
names, sub county, parish, village name
Mapping of social demographic information
Collecting national household survey data at lower level not at
sampled areas as is done right now at the organization
Improving the community livelihoods for cash for work in terms of
road constructions.
Risk patterns to make a pilot study in the community and look at
people who are closely suffering
Relating disease outbreaks with the risk patterns because there are
those communities which are mobile,
Design a study on risk patterns associated with say trypanosomiasis,
bilharzia disease in fishing communities
Locating malaria patients on a daily basis
Mapping malaria vector catchment areas
Mapping locations of most at risk populations in defined populations
like pregnant mothers and children in real time
Mapping patients location residences/homes
Mapping the trends of diseases
Mapping killer and infectious diseases like malaria, HIV/AIDS, TB
Mapping location areas of HIV/AIDS most at risk population like the
fishing communities, truck drivers, sex workers, traders

GISGIS
nonusers
users
x
x
x
x
x
x
x

x

x
x
x
x
x
x
x

x

x

x
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Literature multipurpose GIS
activities
(Application)
Disease surveillance

Empirical sub-multipurpose GIS activities
(Application)

Disease surveillance:
Disease modelling
Built environment and
neighbourhoods
Health Education

392

Built environment and
neighbourhoods
Health education,
advocacy and
communication tool

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Disease surveillance of neglected diseases like leprosy
Malaria surveillance e.g. malaria endemic communities or areas with
high prevalence rates of malaria.
Climate change and health especially on modelling aspects to
forecast disease outbreaks and different scenarios
Disease tracking and mapping patients for follow-up when patients
start on HIV/TB treatment
Tracking/monitoring and mapping spread of diseases to visually
display to see their locations
Mapping boundaries and distribution of disease areas to determine
which areas to go for blood donations e.g. 70% of blood donors are
from schools
Advanced spatial analysis to do with some simulation to forecast
(epidemiological analysis) the future spread of diseases to target
control interventions
Mapping urban crime areas to determine hot spots to guide quick
interventions to mitigate
Communication and advocacy tool for health education programs
Mapping mobilization collection facilities
Promote advocacy for health activities being provided to the
communities and reproductive health, safe motherhood and child
survival, quality population to make evidence e.g. high fertility rate,
total fertility rate, high population growth rate in Uganda
Community mobilization and sensitization to inform people about
behavior change and communication message, media companies to

GISGIS
nonusers
users
x
x
x
x
x
x
x
x
x
x
x
x

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
the community about dangerous killer diseases like HIV/AIDS, TB
and teenage early pregnancies
Advocacy and networking to increase access of health services, so
the communities need information to know partial distribution of
services within the districts
Mapping the vulnerable children who have dropped out school,
teaching them skills to prevent themselves from early pregnancies,
HIV counseling and prevention, educating them on child abuse
issues and in case of trouble where they should report
Health education for teaching beneficiaries on how to prevent
themselves from diseases and informing them of areas where they
can get/access the services
Source of resource mobilization and advocate for more resources to
inform donors of resource gap in funding the AIDS Information
Centre activities when maps are used to visualize the real
information on the ground
Advocate where to put new facilities based on evidence and well
informed decision making but not politically motivated
Map the distribution and existing and location of radio stations in
the country for publicity of disease outbreak
Communication publicity on radio stations to advertise for blood
donation drive
Health education such as counseling to the target audience to know
the location and distribution of different radio stations in Uganda
specifically for publicity purposes

GISGIS
nonusers
users

x

x

x

x
x
x
x
x
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Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Fleet management and Fleet management and
vehicle and medicine
vehicle tracking
and health
commodities tracking
Fleet management and
Fleet management and vehicle tracking
vehicle and medicine
and health
commodities tracking
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Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Map and advocate for areas which need capacity building health
activities such as immunization programs
Capacity building for training trainees in health activities for tracing
the outbreak spread
Communicating tool to the ministries and the public in general to
give accurate and precise results as compared to the manual or
labor intensive traditional ways of doing this kind of monitoring or
tracking
Fleet management and tracking the movements of trucks/vehicles,
fuel consumption, speed and location
Monitoring trucks transporting medical materials, emergency
response cars and field operations cars on rescue missions
Real-time vehicle monitoring and tracking of on-going activities
around the vehicles
Accident monitoring
Load management
Carry analysis on the roads like if a brochure of black spots are
produced, displayed on a map
Monitoring of fleets especially for field work operations.
Monitoring system in tracking distribution vehicles of medicine
supplies and other health commodities to monitor the vehicles on
transit
Monitoring and tracking vehicles distribution of medicines and
other health supplies

GISGIS
nonusers
users
x
x
x
x
x
x
x
x
x
x
x
x

Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Mapping and tracking
medicine supplies and
other health commodities

Risk analysis

Mapping pollution, floods
and ground water
movements
Risk mapping and
analysis

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Monitoring and tracking the movements of dispatched car
consignments to improve accessibility in terms of time, costs,
availability of commodities at the point of dispensing services
Travel direction and destinations guide tool to get to know the
location in terms of driving, knowing on timing and costs
Determine the distances of different health facilities from the head
office to determine fuel consumptions, distances to cover to easy
movement
Tracking organizations bill payments and procurement of drugs
Mapping areas and tracking adverse drug reactions
Monitoring arrival of medicines whether they are in the country,
delivery and availability at various health facilities
Tracking health records in health facilities like stock of drugs,
number of patients accessing the health facilities
Tracking distribution of supplies and medicines for carrying out an
independent audit
Mapping pollution, floods and ground water movement, testing
bacteria alkaline in most of the springs in Kampala areas
Analysis of how seasonal episodes of floods trends alternate
Predicting disasters like landslides, water stress zones
Analysis of how seasonal episodes of floods trends alternate
Monitoring the populations affected and disaster areas in time of
outbreak.
Climate modelling and Disaster and risk management

GISGIS
nonusers
users
x
x
x
x
x

x

x

x

x
x

x

x
x
x
x
x
x
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Literature multipurpose GIS
activities
(Application)

Empirical sub-multipurpose GIS activities
(Application)

Mapping solid waste and
sanitation management

Crisis management

396

Crisis management

Combined potential thematic GIS activities (Application) for
both GIS-users and GIS-non-users
Guide interventions in crisis emergencies like in eastern Uganda
when there was crisis in Kenya
Mapping sanitation and hygiene facilities
Remote sensing and GIS data in urban areas sanitation and issues
related to garbage collection
Mapping of water and sanitation hygiene facilities of schools
Hot spot utilities and the drainages analysis
Responding to chronic emergencies in Karamoja and determine
maternal and child health facilities
Collecting data on public health emergencies like existing health
facilities, schools, water sources to determine areas to relocate most
at risk populations in times of the crisis

GISGIS
nonusers
users
x
x
x
x
x
x
x

Appendix 5: Table 3.12. Knowledge, opinions on understanding and awareness about GIS
Theme
A mapping device

A presentation
methodology

Knowledge, opinions on understanding and awareness about GIS
Used to capture clients, site locations and carry out spatial information or data analysis for implementing
activities and to show organization performance
A device used for mapping, storing and analysing data of geographical locations and features on the earth
surface but also including statistical data
A mapping device that can be used to collect geographical, medical and social information
Has a capability to combine different data types from different sources to one entity to enable easy
visualisation.
Used for mapping, capturing of coordinates of some location features and applying spatial analysis in
Bayesian approach in consideration with space and time which is very important component in
epidemiology.
A very diverse discipline and wide technology about knowing what is happening where in public health
and can be used virtually for anything ranging from simple questions of directing someone here and there
with combination of complex remote sensing images and navigation systems
Has a wide application depending on what you want to use it for and can be applied in with remote
sensing, earth observation or can be used in a social arena like in health, education, environmental
management.
Used to map, capture coordinates of points, differentiate them and helps to identify location of places or
any facility on the earth surface
A presentation methodology, data management tool which includes storage and is easy tool to display
highlights of what is happening in a particular place.
Are processes that are able to capture information or data in respect to particular activities or work that
can be presented, analysed, stored for decision making and planning.
A method used for collecting , maintaining data from different locations, storing and given references of
facilities or places with precise locations of where they are and this should be data related to actual
geographical locations of given areas or positions or facilities in relation to the globe.
A method used to maintain data about locations of given facilities or places with precise locations of where
they are
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Theme

Knowledge, opinions on understanding and awareness about GIS
A method for collecting data related to actual geographical locations of given areas or positions or facilities
in relation to the globe.
A method used for collecting data from different locations, storing and given references
A method by which geo spatial data can be captured and entered, to represent key features in a form a
map.
Can be used to present features and infrastructure like population density, distribution, roads, health
facilities, forests and related features, and can be used to capture position of objects in form of coordinates
in relation to your area of interest

A software

A system

398

A software that uses spatial data and allows visualization of data and analysis for quick decision making
A software tool that is available to geographers and other disciplines to aid the mapping and spatial
analysis of data and information
A software in regard to its functions used for mapping, analyse data, display findings in map form,
visualization and asking the why, how and where questions,
A software that helps to plot coordinates on a map
A software used to show the geographical locations, boundaries of administrative areas and distribution of
service facilities for example schools, hospitals, roads and many others
From a pictorial point of view is system that can help to know about different aspects of either service,
epidemiological conditions to easily be able to see what is happening.
A system that captures the coordinate location of any feature, facility on the earth surface using the GPS
which uses the satellite imagery systems from the sky.
A system that can be used to draw geographical digital maps and in guiding navigation and to capture the
coordinate locations for tracking a vehicle and determine distances between two objects.
A system which Comprises of a GPS, a computer based software and the person involved in carrying out
the analysis
A system that is used to describe location or position of a site or place or any object relative to certain
geographical settings using coordinates of the place

Theme

Knowledge, opinions on understanding and awareness about GIS
A system that enables display of geographical locations of different features like hospitals, boreholes etc.
An information system that helps in multi-purpose or thematic map production, can be used to carry out a
survey and combine different data from different sources into layers.
A system that is looking at a combination of both geographical earth coordinates and attributes that are
under investigation in research work organization
A system that is looking at the geo points on the planets earth and relating it with what other attributes
that are of interests
A system where you capture coordinates of e.g. patients, places, facilities or features to visualize and get to
know their distribution on the ground
A system that captures, stores, analyzes and output both spatial data and non-spatial data inform of
attributes that make descriptions about the spatial forms which are three vector types i.e. lines, points and
polygons.
A system that can be used to link different types of geographical and attribute data together attached to
geographical location
A system that attaches data into geographical place for example like a district indicating where the data
was captured from.
An information system or a computer based system that captures geographical coordinates and stores
different types of information with an aspect of geographical features
Are systems that can help with reports that can be geographically mapped
GPS vehicle tracking gadgets installed in vehicles for tracking and directing travels and capturing location
coordinates
A system designed to capture, store, manipulate, manage, analyze and present all types of geographical
data.
For the GPS which is linked to GSM satellite (Global System for Mobile communications) is used for
monitoring the location of the vehicle fleets and its main purpose is to transfer the data from the hardware
gadget (GPS) that is installed in the vehicle for storing data on a certain remote server
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Theme

Knowledge, opinions on understanding and awareness about GIS
Are computer systems which are used to help the public or any person interested in carrying analysis to do
with data which has any reference to the earth surface or below the earth surface.
A system used for example a geographical positioning system (GPS) devices, to locate outlets and to link
services to particular places.
A system powered by some devices such as GPS, satellites that enables in collecting coordinates and
locating particular places.
A system that aids in mapping using a GPS device to capture location coordinates and helps in generating
spatial data presentation of your data.
An information system used for collecting geospatial data, geographical analysis of information and helps
to visualise, manage and analyse spatial and answer any spatial question that arise from the information.
A system that can be used to capture, store, analyse, present, disseminate geographical information.
A system of software, hardware and people that are utilizing information that is spatial in analyzing
especially for problem solving or decision making which can be used in multiple ways in all types of
sectors
A system that constitutes of many components such as information collection equipment, storage,
transmission, manipulating, displaying equipment and human input which is the brain behind the whole
system
A system of collecting, processing, interpreting, displaying/out putting geographic information.
A system for picking coordinate location data of health facilities, the participants of a particular study, to
determine health outcomes whether they were clustered within geographical areas or not
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Theme
A technology

A tool

Knowledge, opinions on understanding and awareness about GIS
A technology that can be used to map facilities, locate and map drug shops, determine location of
pharmacies by taking Geo-coordinates for that specific place using GPS equipment
Technology used to collect information on locations
An information technology system for collection, storage, analysis as well as displaying and reporting of
geographical data or geospatial data.
A technology that uses geographical data to analyse different aspects of life for example health by using
geographical data to determine location of features on the earth surface.
A technology that helps to take information and place it on a map to make it much more easy to be
visualized and interpreted
Uses technologies that have been there for some time and having started in the army as intelligence
systems
A technology that can be manipulated and use information to analyze statistically, to link the GPS devices
geographical feature coordinates to other attribute data
Used to interpret any variables related to any geographical location and can also be used as a monitoring
tool which can be connected to other machines to identify different variables.
A good mapping and planning tool used for plans, for early warning systems for example if you can be able
to detect where a problem is at a glance
A data analysis tool used at a higher level focusing on geo-locations and the GPS can show the distance
from one place to another and to report data in real time perspective.
A tool that has many functions, captures the coordinates of facilities links to attribute(different)
information and uses spatial analysis technology to do with geographical locations and some scholars have
called focusing on the spatial location address or physical location where each theme has got one physical
address
A tool that uses satellite technology for locating structures, objects according to their specific locations
anywhere on the earth surface.
A tool that is used to display or place a features’ location on its exact position on the earth using some
coordinates
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Theme

Knowledge, opinions on understanding and awareness about GIS
A tool that can be used to collect, process, analyse, disseminate geographically referenced data.
A tool that can used for data collection, storing, interpreting, displaying, analysing, identifying gaps and
disseminating both geographical and non-geographical data.
A tool for mapping occurrence of diseases in relation to areas say surrounding water.
A tool that enables one to map all kinds of information for various purposes, it could be by sector
A tool that can analyse information with a geographical or non-geographical component.
A tool that supports effective and evidence based decision making that is by clearly showing the
relationship between the different spatial entities visualized on map form
A tool used to display information in terms of using maps and most used in humanitarian interventions,
disasters, wars because of its flexibility and guidance for decision making
A tool that provides the ability to capture, store, retrieve, manipulate, analyse and disseminate spatial and
non-spatial data.
A tool used for evidence based planning to help in making informed decisions.
A database tool with a spatial element which can be used for mapping, storage, analysis, dissemination and
with a collection of various spatial and non-spatial data
A tool used in data collection in terms of geospatial data, to store, share data in a database and to help huge
datasets using geospatial data analysis.
A tool used in capturing, managing, storing, manipulation, presenting, analysis, dissemination of
geographical and non-geographical information according to their location.
A tool used for data capture, manipulation, editing and dissemination of the information that deals with
core features in spatial orientation.
A tool that can be used to collect geographical information which you may or may not put on a map but in
most cases GIS is used to map out the information for the purpose of decision making.
An information tool for storing, manipulating, processing, analysing and disseminating geographical
information and can be used for evidence based planning, decision making and it improves usability of
information.
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Theme

Knowledge, opinions on understanding and awareness about GIS
A tool that uses GPS to identify locations. Or a system that can be used for tracking people, vehicles, staff or
mapping of diseases and used for security purpose.
A visual way of displaying A visual way of displaying information or data giving particular reference to the locations of where various
information
interventions are happening
Is used to specify the exact location of households or individuals through the use of coordinate point from
GPS.
A way of representing, managing data using a geographic reference of features located in space in terms of
latitudes and longitudes, or eastings and northings.

An electronic database

One way of storing, analysing information using maps instead of charts, graphs and tables.
Is the mapping of the geographical spread of a disease on a map so that it can be linked to other features to
see if there is any relationship, and trying to explore any linkage between the spreading of the disease with
the physical features and explore if there are any trend
An electronic database that can store information of geographical area, like GPS can be used in surveys to
capture coordinates or track vehicles, and it has tools that can be used to visualize, interpret and analysis
data to come up with maps or data being used on maps
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Appendix 6: Table 6.5. The benefits of GIS use or assessing impacts of GIS use in the health sector
Impact
categories

Code

System quality

Data storage capability

Easy visualization

Usefulness of the
system features and
functions: Data
integration capability
Database content
capability

Database content
capability

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
Enables to store bulky information and
saves space and simplifies, provides better
data and information storage and
improved record keeping with details
instead of having a lot of paper maps
(50,3)
Enables to visualize/see the information
on the map in a short time and be able to
make quick decisions (42,13)

Combines different types of datasets,
information from different sources to
become one layer/shape file compared to
other information systems (30,3)
Provides data management database for
storage, access, capture data, manipulate,
analyse, reproducing, processing, updating,
exchange and sharing of available
information which it can easily be backed
up in any form (25,9)
Web-based GIS enables easy presentation,
access, sharing, exchange of information,
improves reporting of the activities and

Sample quote
“GIS enables us to store bulky information
and integrates information from different
sources into a single shape file”.

“GIS aids in quick view of features where
somebody can easily view and
conceptualize things at a glance like how is
the country divided when presented in a
map format, i.e. with GIS we can easily
visualize and analyse to come to quick
decisions”.
“Another advantage is its’ spatial analysis
which enables you to combine different
datasets from different sources to come up
with one layer of interest”
“GIS is a useful tool to break the monotony
of presenting data in a format of tables,
graphs and charts that has been common.
It displays our results in a visual form
quick to understand”.
“Web-based-GIS enables easy reporting,
publishing, accessing, sharing and
exchange, analyzing of information to
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Impact
categories

Code

Convenience of
access/data
accessibility
Monitoring and data
validation

Data analysis

406

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
number of reports generated which
eliminates the traditional method of flow
information, and the information is
instantly available across the globe (17,8)

Improves documentation and provides a
faster platform to ease access of data and
information both internally and externally
as changes are reflected automatically
(14,2)
Good tool for monitoring and managing of
epidemic disease outbreaks and other
epidemiological trends in spatial, time and
space (9,0)
Good system for mapping, analysing data,
guides in evidence based planning and fast
decision-making (9,0)

Sample quote
know who is doing what where,
monitoring and evaluation of our
interventions. GIS is actively being used in
our organization all the time, every day, for
example if you can just look through
DevTrac, you would find everyone who is
going to the field is filling in a report in
DevTrac”.
“GIS improves accessibility of data and
information both at the district, in the
country by all stakeholders”.
“It would also improve on our
understanding of disease outbreaks
because we would be able to locate exactly
which village or particular cell within our
catchment area is having the outbreak”.
“GIS increases/improves on the
understanding of some information for
some people. For those people who
couldn’t understand the tables can at least
understand the visual aspect of a map. In
our organization, the demand for map
products has increased because people see
exactly where they want go, which services
are being provided per district and which

Impact
categories

Information
quality

Code

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)

Sample quote
areas are still lagging behind as far as
service delivery of health services are
concerned”
“GIS gives real time and accurate
information and it helps in decisionmaking because you are able to see what
you are doing and analyse”
“GPS also gives us real time reports about
vehicle movements, for example even if I
am at the head office I can know that at
particular time a vehicle was parked at
Mbarara”.
“GIS use increases availability of data and
information needed for planning e.g. more
specific information about the location of
diseases and be able to respond faster to
disease spread with more detailed data”.

Data accuracy

Provides more accurate information, data
or results for planning and decisionmaking (7,2)

Data currency

Provides up-to-date, real time evidence
information and better credible data or
results as the system is shared by several
organizations (9,4)

Data availability

Improves availability of more data and
information needed for planning of what
organizations have been doing (8,1)

Usefulness of the
system features and
functions: system
flexibility and userfriendly
Easy understandability
and readability format

A flexible tool, provides interactive and
user-friendly interface that analyses and
responds to many information requests
(6,6)

“GIS is user friendly, because after the
training I was able to do analysis things on
my own e.g. it’s not like STRATA or SPSS
software we do online”.

Provides a summarized, clear pictorial
visual display of information, results,
products in map format which are eye

“Advantage of using GIS is that the human
mind doesn’t forget what it has seen but it
will always forget what it has read easily
e.g. when you look at the burden map of
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Impact
categories

408

Code

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
catching, easy to understand and interpret
by GIS non-professionals (32,18)

Timeliness and saves
time

Avails real time data, information and
responses (17,12)

Accuracy and evidencebased information

Gives accurate information and informed
evidence-based results in map format and
reports which can be relied upon for future
implementations of services and guides to
make quick decisions (27,20)

Sample quote
HIV/AIDS and the spread its indicating that
in the north western and the around the
lakes/water bodies region HIV/AIDS
burden is too high, it keeps visualizing in
your mind why is HIV/AIDS burden still
high in those regions, it gives you a
summary of an interesting report
compared at you reading a big report to
understand what it says about HIV/AIDS”.
“GIS helps to capture real time data e.g.
when you go to the field, you collect data
and you produce updated maps depicting
reality on the ground”.
“GIS provides us with evidence-based
information to guide decision-making for
example for us we are considered to be a
social marketing organization, we work
through outlets, health facilities, we
distribute commodities and also we
provide services. So we want to know how
wide is our coverage, we find where to
scale up if it needs to open up more outlets,
we identify gaps and if we are to expand
beyond those areas, so that we don’t open
up where we are already flooded up”.

Impact
categories

Code

Information use

Nature of use: use for
intended purpose:
Planning

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
Provides better planning for equitable
distribution use of limited resources and
making activity/intervention priorities
(9,0)

Nature of use: Research
work and reference

Helps to determine study areas for
research work and GIS information can be
used for reference purposes (9,1)

Decision-making

Guides in making activity/intervention
priorities in decision-making (7,1)

Sample quote
“It would help us in planning then it could
save us some money as well because
sometimes human resource which is more
expensive than GIS devices/gargets in the
long run would be reduced and would
probably reduce in our human resource
and just employ few individuals/people to
do much of the work that is being done
manually and it would be better”.
“Using GIS would make decision-making
and work to be done in much faster way
which would provide us easier and
organized atmosphere at the our
organization when we know we have
information that we can quickly retrieve,
access with ease and in the long run it
becomes cheaper if we have our
information together e.g. in case if we need
to write out a paper like a manuscript for a
peer review journal it gets better for us do
that”.
“GIS guides in making activity priorities.
So if we are to do an outreach GIS helps us
to know where to prioritize and where we
can put more efforts than other places”.
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Impact
categories

Code
Nature of use:
coordination and end of
evaluation

User
impact(user
satisfaction)
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Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
Helps in annual outcome coordination and
end of evaluation formats (6,0)

Policy decision and
advocacy purposes

Eases the process of policy decision and
advocacy purposes (6,0)

Simplification of work:
data collection,
documentation,
management,
implementations and
presentations
Decision effectiveness:
improved decision
analysis

Work made easier, more efficient and
effectiveness (13,14)

Contributes to better evidenced-based,
correctness of decision, effective and
improve decision-making (5,1)

Sample quote
“Helps management in coordination and
evaluation of partners and respective
activities they are providing and providing
updated information e.g. on a monthly
basis who is working where, number of
people receiving ARVs, number of people
treated on daily basis.”.
“The advantage with GIS information
helped us to come up with easy
understandable reports where the
visualization of the map really makes
someone to appreciate the results and one
of the reports called The Human Resource
Audit Report which was produced for 2012
was instrumental in the MOH, as they used
this report to advocate for more staffing
within the health sector to the parliament”.
“The kinds of benefits are simplification of
work and also getting more accurate
results and reports”.

Impact
categories

Code

Individual
impact

Decision effectiveness:
shortens time to make
decisions
Better decision-making
and planning

Organizational
impact

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
Saves a lot of time in data collection,
analysis, enables faster evidenced
decision-making and planning of health
activities or any interventions that you
may want to undertake(6,7)
Improves and makes better effective
timely and effective decision-making and
planning of services easier based on
informed evidence (20,13)

Operating cost
reductions: cost saving

Reduction in operational costs (14,10)

Cost effective

Efficient utilization of resources both
financial and human based on evidence
(15,0)
Improves on efficiency and effectiveness of
organization operations and job
performance thus allows comparison of
different parishes to know their
performance (12,1)

Improves job
performance

Sample quote

“GIS can be used for better planning and to
guide decision-making for especially social
services since you know you are going to
put the service in an appropriate place
where there is absorption capacity instead
of developing a service in a place where
there is no one going to utilize a particular
service”.
“The benefits of using GIS will be reducing
the costs of operations, having timely
information to be able to generate
reports”.
“Enables organizations to achieve its goals
and objectives which increases service
effectiveness”
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Impact
categories

Code
Effective governance,
transparency and
accountability

412

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
Improves and promotes effectiveness
reporting information, governance,
transparency and accountability to donors
and tracking to know service providers in
different parts of the country (26,16)

Gaps identification and
challenges in service
delivery
Sharing, collaboration,
exchange and
partnerships

Pictorially, helps identify gaps and
challenges in service delivery(health
infrastructure) (31,10)
Improves easy sharing, collaboration and
exchange of information and formation of
partnerships between organizations using
it (13,4)

Evidence-based indepth analysis
Data communication,
presentation, reporting,
and dissemination

Enables easy, quick and convenient to
carry in-depth analysis (10,1)
Improves internal and external
communication, presentation, reporting,
advocacy and dissemination of evidencebased information to the communities
(10,1)

Sample quote
“Since we deal with issues of accountability
and governance, GIS could help and benefit
us by producing maps showing who is
doing what, where, so its best tool for
informing government the accountability
for CSOs”.
“GIS helps identify gaps in service
delivery, which areas are over served,
underserved or not served at all”.
“GIS technology creates data sharing,
collaboration and partnership between
organizations using it. For instance to
develop a map on the extent of the spread
of a disease outbreak in our organization,
we need to develop partnership with UBOS
who produces population data and
administrative boundary layers for the
whole country to enable us determine the
extent, which districts are affected and
what number of the population is affected”
“Provides a modern way of reporting
performance, achievements and failures.
The level of success vary from place to
place and helps you to see why you are not
doing well and when results are shown on

Impact
categories

Code

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)

Eases monitoring and
evaluation, and client
follow-ups

Provides ease tracking, monitoring and
evaluation of programs and service
delivery (15,10)

Reductions in data
duplication: cost saving

Reduces on the cost and eliminates the
duplication of efforts involved in data
collection across the organization (8,0)
Reduces bulky paper work of data to send
and store and data collection time that is
currently operated in Uganda(8,4)
Reduces the number of organization staff/
human resource (6,4)

Product quality:
reduces manual work
and data collection time
Staff reductions

Programme/activity
coordination and
networking

Provides evidenced-based proper
programming, implementation,
coordination, networking and can
facilitates rational decision-making
(12,15)

Sample quote
the maps people can contribute a lot to
answer why they are not doing well which
an ordinary report cant portray”.
“For all the projects, GIS helps us to locate
and identify the study participants; helps
us to identify and monitor geographical
clustering of diseases / infections”.

“Provides an advantage for organization to
minimise the costs by reducing staff
numbers handling geographical work. The
information that someone can generate if
we talked about staff reduction, for
instance at organizational level when you
compare the costs of obtaining the two
different types of outputs that is using GIS
and without using GIS, so it minimises the
costs by reducing staff handling
geographical work”.
“GIS can also help to track progress in
achieving the targets; it can also support
evidence based programming and can
facilitates rational decision-making. GIS
was considered important for our activities
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Impact
categories

Societal impact

Code

Equity: equal resource
allocation to the right
communities

citizen-public sector
interaction
Community
engagement
Data access to and
availability
Reduces
unemployment and
creates employment

414

Code description of benefits of GIS
use(outcome) (frequency: GIS-users,
Non-GIS-users)
Provides proper and equitable allocation of
resources and services/interventions to
the needy areas and rightful beneficiaries
as we can track those areas that aren’t
served and those which are well served or
facilitated (14,3)
Enables to share information with the
public and the stakeholders (9,0)
Participation of communities in planning
and decision-making(7,0)
Increased access to and availability of data
generated through different health GISuser organizations (7,0)
Reduces unemployment for office-based
staff and creates employment to untrained
personnel and the community at large if
GIS is adapted(7,0)

Sample quote
to help establish coverage and
coordination of our services”
“GIS can help improve allocation of
resources because if you are using GIS you
can be able to identify where the gaps are
in resource allocation so you can allocate
efficiently”
“Creates collaboration between services
providers and users”.
“GIS helps us identify events of priority at
health facility and community level which
makes us allocate resources and
interventions equitably to the needy areas”

“The GIS technology like the GPS machine
for data collection is a user friendly
technology for mapping disaster risk prone
areas and someone can easily learn how to
use it just like the way people use their
phones”.

Appendix 7: Table 6.6: Negative impacts (challenges) of using GIS (GIS-users)
Category
factor
System quality

Subcategory
Technical

Code

Code description

Expertise

Requires expertise
and continuous
training

Data quality

Inaccuracy of data
and
misinterpretation
leads to wrong
decision-making
Tagged on internet
and technology
(Requires good GIS
infrastructure)
connection)

IT technology GIS
infrastructure

No. of
responses
26

12

4

4

Sample quote
“Another disadvantage is someone must be
having expertise and knowledgeable about
GIS use to make sense out of the data or do
advanced analysis (forecasting disease
outbreak, risk analysis modelling) for
someone to move faster to analysis issues”.
“Inaccurate data and misinterpretation of
the GIS information can lead to wrong
decision making or decisions misallocations
of features to different places if someone
doesn’t have skills”
“Requires GIS environment like IT
equipment, good quality printers to use that
software, a computer with big capacities to
show the maps and satellite images to store
the images and for analysis”.
“Web based GIS heavily relies on internet
and power to enable to use web-mapping
applicability, access, share, and exchange
data and information. So someone without
internet cannot access information or when
there is power break down people can’t
exchange, access or share information and a
person gets stuck with the work you are
doing”.
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Category
factor

Organizational
impact

416

Subcategory

Code

Code description

No. of
responses
1

Data standards

Requires standards
for producing,
capturing data

GIS
Equipment

Software and
hardware

Expensive renewing
of the software

16

Institutional

Resources

Expensive to
establish, buy and
maintain GIS
infrastructure

32

Sample quote
“Without standards for producing, capturing
and creation of administrative boundaries,
health facilities makes the exercise of
updating spatial data difficult. For example
in Uganda new political districts, sub
counties, parishes and villages are being
created every now and then which makes
updating administrative boundaries loose
meaning, before you digitize the new district
boundary another district has been split
from that one. Then health facilities are just
build anyhow I think just for consumption
but need”.
“Needs a specific software, the cost of the GIS
software is high and expensive renewing GIS
accessories like the software, GPS every year
which may not be accessible by many
organizations”
“GIS is expensive to establish, buy and
maintain the software license plus its
accessories such as GPS devices, GIS
professionals, servers and its’ not easy nor
known where to access it from.
It creates lack of appreciation from top
management as people see it has no
advantage and not willing to commit so
much scares resources”

Category
factor

Subcategory

Code

Code description
Data collection is
resource intensive

No. of
responses
9

Expensive training
personnel and rated
a wastage of
resources by policy
makers

9

No
disadvantages

No disadvantages

13

Data availability

Requires existing
data and shape files

5

Requires up-dated
data and shape files

2

Sample quote
“Collecting GIS data is resource intensive, so
it needs putting a lot of money to collect the
GIS data and the data also gets outdated
which needs continuous updating and each
activity will require continuous data
collection”.
“GIS training is very expensive where
someone who wants to train in GIS has to go
out of the country. Where employers are not
willing to spend money because they see it
as wastage of resources and health sector
organizations in Uganda have limited
budgets.”
“Competing for resources with other sectors
for instance buying a GIS map printer is seen
as a wastage of resources”.
“I don’t see any disadvantage may be money
because the GPS gargets are costly to
acquire. It’s not necessarily disadvantage
may be a challenge that is the gargets are
expensive”.
“GIS requires the existence of the previous
data for someone to really bring the trend of
disease out, so without data someone cannot
use GIS ”
“Without an updated base layers, the results
can be potentially misleading especially
when you are using the old layers”.

417

Category
factor

Subcategory

Code

Code description
Requires metadata
GIS cannot stand
alone

User
impact(user
satisfaction)

Attitude

Biasness

High risk of
becoming blind

Societal impact

418

Legal

Security, privacy
and
confidentiality

No. of
responses
1

GIS professionals
become obsessed
with GIS
environment
Working longer
hours creates high
risk of becoming
blind

1

No privacy and
confidentiality

5

1

Sample quote
“GIS cannot stand alone, it still needs to go
with some literature to accompany it
however much as it doesn’t give a bigger
story but you need to accompany it with
some writer up i.e. metadata describing the
type of feature, date of production, area of
location, projection used”
“GIS professionals become obsessed with GIS
environment and tend to have biased mind
of other tools”.
“People using GIS for longer hours have high
risk of becoming blind compared to those
who work few hours” e.g. in developing
countries people work for few hours
compared to African countries who work the
whole day. GIS has a disadvantage with the
person who is interacting with the computer
interface is harmful because someone cannot
work like the way a person can work like
other manual methods of map production.
GIS use needs someone to work or sit for a
few minutes and go away
“Using GIS has no privacy and confidentiality
of individual data (client, field workers,
drivers) which could be abused by people
who have bad intentions and with a small

Category
factor

Subcategory
Social

Economic

Code

Code description

No. of
responses

Time demanding

Time consuming and
requires continuous
practice

19

staff reduction
and
Unemployment
fear

Creates staff
reduction and
Unemployment fear

7

User friendliness

Not user friendly

4

Conflicts

Creates conflicts

2

Data
consumption

Data collected based
on consumption not
demand

1

Sample quote
area, maps could stigmatize people in the
case of HIV”
“GIS is time consuming so if you have other
tasks or activities to handle besides using
GIS then they may not get a fair share of your
time. Needs continuous practice for someone
to be able to operate it”.
“GIS reduces the number of staff in
organizations, work and does not need many
people to produce a map thus GIS makes
people jobless if the technology is
implemented”.
“GIS as a tool is not user-friendly to those
without technical knowledge to operate,
since it requires specialized training and a
lot of practice, I think the developers of the
software should make it user friendly for
users”.
“Can create conflicts because it would bring
the unknown to light which kind of causes
troubles”.
“Spatial data is not collected based on
demand but its’ based on consumption. For
instance we have been having some issues
with UBOS and we the data users were
proposing for them to estimate demand
various data and then collect on data for
demand because in Uganda we have looked
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Category
factor

Subcategory

Code

Code description

No. of
responses

Sample quote
more on data consumption but we have not
look at the demand for data. For example,
looking the health sector perspective, were
we are saying we need many health facilities
and when someone moves around the whole
country, you find that at least every subcounty has health facility but without
infrastructure in general like number of
health facilities needed, number of
population that can access the nearest health
facility their households, number of health
workers houses, health workers which
should be correlated with type of disease
outbreaks that occur in specific areas. So if
we already have the existing health facilities,
houses for health workers, how many do we
need to add on, then how much materials do
we need. All in all we are not planning
properly, we are planning in upside manner
but not by projecting

420

421

