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only available to highly trained professionals. With technological data; epistemology
evolution comes a requirement to transition traditional GIS training

for the next generation of GIS professionals. Traditional GIS combined

with non-traditional GIS (i.e. mobile and location media) and CyberGIS

educational materials could attract new and diverse students into

Geography departments while informing the next generation

of geospatial tool builders and users. Here we pose an applied

pedagogical framework for teaching cutting-edge GIS material to

diverse student populations with varying levels of technological

experience and professional goals. The framework was developed

as part of the National Science Foundation (NSF) CyberGIS Fellows

program and was applied as a course template at the University of

Washington Tacoma’s Master’s of Science in Geospatial Technologies.

We chart how the framework developed into a cyclical structure

from our original conceptualization as a hierarchy. This changed

the epistemological orientation accommodating the shifting

technological terrain of the GIS landscape to improve the skills of

those driving the machines.

Introduction

The recent explosion in ownership and use of mobile technology has created vast new
opportunities for the creation, collection, and analysis of digital spatial data. With upwards
of 60% of all digital data containing a spatial component (Hahmann & Burghardt, 2013),
the upsurge in the amount and breadth of locational data being produced has generated
interest in geospatial analysis from diverse fields outside of traditional geospatial knowledge
domains (Crampton, 2009; Haklay, Singleton, & Parker, 2008; Rickles & Ellul, 2014; Sui &
Goodchild, 2011). As such, these new sources of data have brought about an opportunity
for increased public, academic, and corporate engagement with spatial data, which has been
reflected by a growth in interest in Geographic Information Systems (GIS), Geographic
Information Science (GIScience) and particularly geovisualization from diverse audiences.
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Simultaneously, data collected via mobile phones, desktop computers, credit cards, transit
cards and other digital mediums are often disorganized, heterogeneous, and unwieldy for
traditional geospatial analysis.

At the same time, governments, industry, educators, and researchers are recognizing
the utility of incorporating geographic information technologies into their workflows
and classrooms. The knowledge and politics behind the production of geospatial analysis
and information remain tightly coupled due to a higher valuation of knowledge when
expressed quantitatively and in cartographic forms (Elwood & Leszczynski, 2013; Gerlach,
2015; Leszczynski & Elwood, 2015; Pickles, 1995; Wood, 1992) Traditional GISystems and
Sciences have a long history of critique leveled against them as tools for the economically
privileged and technically savvy, posing a risk of reproducing existing inequalities in the
produced representations of the world (Curry, 1995a, 1995b, 1998; Obermeyer, 1995;
Schuurman, 2006; Schuurman & Pratt, 2002).

Educators must grapple with counter-veiling pressures: one that insists on the applica-
tion of new technologies upon heterogeneous, large data sets using new techniques; and
one that cautions against reifying existing inequalities through naive quantification and
visualization. While addressing GIS curricula for a variety of industry and governmental
needs remains a well-documented challenge (Dibiase et al., 2006; Kemp & Goodchild,
1992; Kemp, Goodchild, & Dodson, 1992), the degree to which spatial technologies have
become ubiquitous aspects of the everyday presents new challenges and concerns relating
to data access, equality, and privacy (Elwood & Leszczynski, 2011; Leszczynski & Wilson,
2013; Sui, Goodchild, & Elwood, 2013). In this article, following Elwood and Leszczynski’s
calls for the active use of modern forms of mapping as means of directly engaging societal
inequalities (Elwood & Leszczynski, 2013; Leszczynski & Elwood, 2015), we present an
intentional, reflexive pedagogy that embraces the emerging sub-domain of CyberGIS as a
means of addressing the shifting terrain of GIScience education and the need for inclusivity
in education and geovisualization. This framework was developed with support from the
National Science Foundation (NSF) CyberGIS Fellowship program and implemented in
the curricula of a new one-year Master of Science program in Geospatial Technologies at
the University of Washington Tacoma.

To make this argument, the article proceeds as follows: first, we define CyberGIS as it
relates to existing GISystems and GIScience. We then situate CyberGIS pedagogy in rela-
tion to existing GISystems and GIScience pedagogical literature, before presenting the new
CyberGIS framework we developed. Finally, we conclude by reflecting on how our origi-
nal pedagogical framing evolved over the duration of the one-year CyberGIS Fellowship.
Ultimately, we suggest a shift away from an ordinal, scaffold-building approach to CyberGIS
pedagogy and a move towards nominal categories of students defined by their existing skills,
interests, and educational goals.

What is CyberGIS and why does it matter pedagogically?

In many accounts, GISystems refer specifically to the software and associated tools used
to aggregate, inventory, and visualize spatial data (Longley, Goodchild, Maguire, & Rhind,
2015), while GIScience is the field of research related to these tools including “the devel-
opment and use of theories, methods, technology, and data for understanding geographic
processes, relationships, and patterns” (Mark, 2003, p. 2).! Geovisualization then becomes
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is a subset thereof which involves the interactive display of spatial information (Dykes,
MacEachren, & Kraak, 2005; MacEachren & Kraak, 2001).

In turn, CyberGIS addresses big datasets associated with GISystems and GIScience.
Jacobs (2009) defines big data as those sets of data whose size forces us to look beyond
the traditional data analysis methods currently available. Big data emerges when existing
methods for data analysis may not be appropriate due to data size and distribution. As
such, while very powerful, traditional desktop GIS may not have the capabilities to ana-
lyse the extremely large, heterogeneous datasets now available (Wang et al., 2013), new
cyber-infrastructures — networked systems of computation and data storage linked together
through high performance hardware and software (Wang & Armstrong, 2009; Wang et al.,
2013) - do. CyberGIS, then, refers to the utilization of these systems for geospatial analysis
and visualization. Additionally, CyberGIS integrates spatial analysis and modeling (SAM),
cyber infrastructure, and GIS (Wang & Armstrong, 2009; Wang et al., 2013). If big data are
always necessarily a shifting target beyond the means of traditional methods, CyberGIS
is an attempt to move geospatial analysis and visualization beyond the traditional desk-
top environment and into the realm of big data (Wang et al., 2013). Defined in this way,
CyberGIS becomes a technological cutting-edge for GISystems, a set of highly dependent
tools that allow for previously impossible analysis. These complex, ever-evolving systems
require trained individuals to maintain, organize, and develop them.

Yet, GIS - both as a set of tools and as a research field - has been historically critiqued
for being positivistic and representing the interest of the privileged and elite (see, for a
review of these debates, Schuurman, 2000). Traditionally, the hardware, software, and
sensors required for spatial analysis and geovisualization have been both expensive to
acquire and difficult to use which have dissuaded some disciplines from quickly embrac-
ing their use (Ellul, 2015; Rickles & Ellul, 2014). With the lessening of the computational
and equipment costs of spatial data visualization and analysis which occurred alongside
the rise in smartphones offering location-based services and sensors capable of recording
location data (Meier, 2015; Roche, 2014; Sieber, 2007; Sieber & Johnson, 2015), some
scholars suggested that popular tools like Google Earth would presage a democratization
of GIS (Crampton, 2009; Sui, 2008a, 2008b; Whalley, Saunders, Lewis, Buenemann, &
Sutton, 2011).

At present, claims of democratization appear to have been overstated, instead existing
technological, social and political hierarchies continue to limit possibilities for accessible
web GIS to truly empower the masses (Haklay, 2013). However, this shift in increasing
access to technology does present a valuable opportunity to foster an inclusive environ-
ment by attracting students that may not have otherwise considered GIScience. Students
are encountering spatial data through the quotidian uses of their smartphone and may,
subsequently, become interested in the function, analysis, and representation of spatial data.
This creates both more opportunities for spatial data generation and data collection and
an opportunity to encourage students with little or no programming experience to engage
with spatial analysis and visualization.

When read as the leveraging of cyberinfrastructure to analyze geospatial data, CyberGIS
becomes a critical asset in this process. CyberGIS research seeks to address critical technical
and societal challenges such as: access to spatial data, improved data privacy, quality, aggre-
gation, and integration from multiple sources, and implementing seamless interoperability
among heterogeneous datasets associated with big data (Wang et al., 2013). We suggest that
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instructing the next generation of students in the methods and tools of CyberGIS offers the
opportunity for a more inclusive environment for the next generation of GIS researchers and
practitioners. To date CyberGIS has seen little curriculum and pedagogical development;
however, we argue that the existing, extensive, and rigorously developed pedagogy for GIS
(inter alia Dibiase et al., 2006; Goodchild & Kemp, 1992; Kemp & Goodchild, 1992; Kemp
etal., 1992) can and must be leveraged to continue to address these deficiencies and inform
ongoing CyberGIS praxis.

The CyberGIS Fellows program was established to commission creative and motivated
faculty members across the country to collaboratively develop educational materials to
address these challenges from multiple perspectives. In the following sections, we sum-
marize current approaches to GIS pedagogy and how they might be applied to CyberGIS,
before presenting the pedagogical framework that was developed and deployed in a one-year
Master of Science program in Geospatial Technologies.

Towards a critical CyberGIS pedagogy

GIS pedagogy literature is both extensive and well debated. GIS in general has historically been
harshly critiqued by for a seemingly empiricist agenda (Curry, 1995a, 1995b; Dobson, 1993;
Pickles, 1995; Schuurman, 2000; Schuurman & Pratt, 2002). More recently, researchers have
examined how specific epistemological commitments can influence the resulting GIS output
(Dalton & Thatcher, 2014; Leszczynski, 2012; Rundstrom, 1995; Schuurman, 2006). One way
to incorporate more epistemologies, more ways of knowing and understanding the world, is
to encourage more and diverse ways of using GIS. Starting in the classroom, this requires the
use of effective and inclusive pedagogical approaches (i.e. Summerby-Murray, 2001).

Here we situate GIS pedagogy within a constructivist frame which emphasizes a specific
pedagogical framework that includes recommendations on how philosophy, strategies, tac-
tics and tasks can be intertwined (Goodyear & Jones, 2004). Current approaches to pedagogy
from GIScience subsequently inform our proposed and enacted CyberGIS pedagogical
framework. We begin with an examination of pedagogical philosophy and strategies, and
then discuss how the Geographic Information Science & Technology Body of Knowledge
addresses tactics and tasks associated with GIS pedagogy.

Existing scholarship suggests that GIS education is most effective when utilizing a con-
structivist approach to knowledge acquisition, meaning one which builds on “principles
already familiar to the student, in a structured manner, ensure[s] materials facilitate engage-
ment in different ways and take[s] account of different skills to allow students to work at their
own pace” (Rickles & Ellul, 2014, p. 8). The constructivist approach to learning accepts that
existing knowledge both predicates and influences what new knowledge can be acquired
(Schuurman, 2002; Summerby-Murray, 2001; Takacs, 2003). Existing knowledge acts as
scaffolding to build new knowledge (Schultz, 2011). Constructivist theory of learning sug-
gests that the learners will construct their own personal view of the world based on their
individual experiences (Keiper, 1999; MacEachren, 2004). Social constructivism emphasizes
that people learn through interaction and the students’ feelings, attitudes, perceptions and
ideas, greatly influence what is learned (Rickles & Ellul, 2014; Smith, 1999).

Experiential learning is the process of learning through direct experience, observa-
tion, and reflection (Kolb, 1984; Ormond, 2007; Steffes, 2004; Whitton, 2010; Zandvliet,
2006; Zandvliet & Fisher, 2007). These experiences in turn form part of an individuals
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epistemology. Constructivists recommend learning should focus on the use of authen-
tic tasks, those everyday practices of a particular group, similar to on the job training
(Greeno, Collins, & Resnick, 1996; Keiper, 1999). In line with the constructivist approach
and experiential learning, many GIS curricula are developed around problem-based learn-
ing, activity based learning and understanding threshold concepts (Keiper, 1999; Sinton,
2009; Summerby-Murray, 2001; Whalley et al., 2011). These types of active learning have
been shown to provide high level engagement and foster metacognition and deep learning
(Schultz, 2011).

Sui (2005) noted that a distinction between teaching with GIS and teaching about GIS
was necessary for course planning and content development (Sui, 2005). Students have been
shown to struggle when tools and concepts are taught in isolation (Rickles & Ellul, 2014;
Wright, Goodchild, & Proctor, 1997). When teaching concepts, it is required to describe why
each button is pressed and what it does as opposed to a technical focus that simply shows
students which buttons produce the desired results (Unwin, 2011). However, GISystems
change quickly so it is necessary that students understand GIScience principles and concepts
that can be applied regardless of which buttons are available at a given time (Dibiase et al.,
2006; Longley et al., 2015; Seremet & Chalkley, 2015; Tate & Unwin, 2009). For CyberGIS,
the developer is not clicking buttons but writing the algorithms to process the data, which
make these concepts even more important in this context.

What and how to teach GISystems and GIScience has been a long-standing challenge for
domain educators. Over time, various attempts have been made to establish an appropriate
corpus of knowledge for GISystems users. For example, in 1998, Marble (1998) created a
pyramid of the concepts necessary to work with and build GISystems. The Geographic
Information Science and Technology (GIS&T) Body of Knowledge (BoK) is a more recent
attempt to coherently summarize a comprehensive set of knowledge and concepts that
should be obtained at the undergraduate level, representing the core concepts and materials
pertinent to GIScience (Dibiase et al., 2006). The BoK recognizes a need for standardized
GIS in industry and curriculum while acknowledging the challenge of developing and
maintaining teaching material for a constantly evolving technology is not new (Dibiase
et al., 2006). Developed and agreed upon by over 70 educators, researchers and practition-
ers from the field of GIScience, the BoK has been considered by the GIS and technology
community to be a representative sample of concepts to be included in GIS (DeMers, 2009;
Dibiase et al., 2006, 2010).

However, neither Marble’s pyramid nor the original version of the BoK are pedagogical
in nature. They focus on what concepts must be known, but not how said concepts might be
taught. Further, both these examples and many others fail to engage directly with many of the
underlying critiques of GIScience as an austere, positivist science that reflects only those with
the privilege and skills to utilize GISystems (Curry, 1998; Obermeyer, 1995; Rocheleau, 1995).
Both traditional GIS and CyberGIS confront the processes associated with tool making, tool
use, and the associated scientific endeavors (Pickles, 1995; Wang et al., 2013; Wright et al.,
1997); therefore, given the role of CyberGIS in the emerging space of GISystems and GIScience,
it is a natural space in which to take up the challenges facing GIS education. Big data are
evolving and full of complex challenges, CyberGIS is well posed to address the ever-evolving
challenges associated with them. In the following section, we outline a pedagogical framework
for CyberGIS that is informed by the knowledges and skills necessary for GISystems users and
builders while being mindful of the unique needs of diverse learning populations.
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A CyberGIS conceptual pedagogical framework

Students pursue higher education with aims to find employment in a wide range of industries
post-graduation. Students studying human and physical geography, earth science, political
science, public health, criminology, biology, and a host of other disciplines are now finding
careers where the ability to collect, organize, and analyze spatial data plays a critical role
(Coetzee & Eksteen, 2012). At the same time, these individuals from disciplines outside the
core domain of GIScience broadly and CyberGIS specifically often struggle to keep up with
changing technology and to identify which combinations of new software and hardware
will best meet their specific needs. People in industries outside of GIS may not work with
spatial data on a regular basis; however, they may still make use of a variety of cutting-edge
tools that offer spatial analysis to make informed, data driven decisions.

Existing GISystem and GIScience pedagogies and curriculums have an opportunity to
evolve and incorporate CyberGIS concepts and techniques. Considerations particular to
CyberGIS and big data include issues related to data heterogeneity, variety, size and cost to
both store and process large data sets, the set of issues that has commonly come to be known
as the volume, variety and velocity known as the “Three V’s” of Big Data (Laney, 2001).
As stated before, the tools of CyberGIS are different from those of traditional GIS in that
there are fewer buttons to click and often more code to write. In the previous section, we
situated GIS pedagogy and knowledge concepts in relation to the desire for experiential and
inclusive learning outcomes. Here, guided by critiques of GIS as a tool for the privileged and
technically savvy, we present a theoretically informed CyberGIS pedagogical framework to
assist course designers in identifying effective solutions to teaching CyberGIS to meet their
students’ technical literacy and professional goals. In line with a social constructive approach
which postulates that feelings the student hold and the social situation will influence what
is learned, we accept that if material is too difficult for the student based on their existing
technological skill level, frustration may overwhelm the student and then they may miss
the learning opportunity. We describe CyberGIS educational tactics and tasks at a granular
class level to meet student needs.

The reflexive, constructivist framework we present is a heuristic to guide the develop-
ment of educational material in the field of CyberGIS and useful to other technical cognate
disciplines. Digital tools will change and those listed are examples of tools for specific tech-
nological literacy skill levels.? In line with a constructivist approach, the tools and analytical
methods selected by the instructor should be influenced by the concept being presented
in class each week rather than the tool itself. It is pivotal that regardless of technological
skill level, underlying GIScience concepts, particularly those found in the BoK, are well
understood to ensure that new spatial tools are built and used appropriately.

As the theory and praxis of CyberGIS develop, they could reshape discourses within
GIScience; for that to occur, we must lay the groundwork for their integration throughout
a diverse set of disciplines associated with student learning as it relates to CyberGIS. The
framework we present was conceptualized before and during the first year of a new Master
of Science in Geospatial Technologies during which the authors were simultaneously NSF
CyberGIS Fellows. The framework is designed as a guide for the process of developing
new teaching material. In this section, we present three over-arching levels for student
learners (see Figure 1) as this reflects the initial conceptualization of our framework. Each
level of our pedagogical framework is aimed at a different target audience within higher
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Level 3:
CyberGIS
Developer

Level 2:
"Traditional"
GIS Analyst

Level 1: Expert User
of spatial data
output

Figure 1. Original pedagogical levels related to technological background of the student.

education, and is meant to provide an understanding of the workflows, basic skills, and
necessary concepts associated with GIS education that will benefit a new generation of
students, especially as they relate to CyberGIS. Since unfamiliarity with core spatial con-
cepts becomes a barrier to geospatial technology uptake and development (Rickles & Ellul,
2014), the concepts provided by the BoK (Dibiase et al., 2006) are recommended at each
level and do not change based on technological skill level. Additionally, challenges associ-
ated with CyberGIS including critical technical and societal challenges such as spatial data
access, privacy, quality, aggregation, information integration from multiple sources, and
implementing seamless interoperability among heterogeneous datasets associated with big
data (Evans, Oliver, Yang, Zhou, & Shekhar, 2014; Wang, Wilkins-Diehr, & Nyerges, 2012;
Wang et al., 2013) are to be introduced at each level.

In this section, each level is presented and demonstrated to be unique according to
student technological background. We additionally provide recommended tools and lab
material appropriate for each level; these are meant as suggestions and not definitive require-
ments, a focus on lab work was chosen to emphasize the desired constructivist, experiential
learning environment. Further, the term “level” is not meant in a hierarchical sense, as will
be discussed in detail in Section “Discussion”

Level 1: expert user of spatial data outputs

Student description

This level of instruction is oriented towards students with a specific domain concentration
or with specific local knowledge. For example, those interested in a particular topic within
human geography, criminology, land use, ecology, or public health. For these students,
knowledge and understanding of geospatial outputs and analyses are more critical than the
ability to produce complex analyses themselves. These students are end users of traditional
GISystems, like ArcGIS Desktop, and will rarely do more than interact with a GISystem
Graphical User Interface (GUI).
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Technological background

Students at this level will have experience with Microsoft Office have had interaction with
web-based mapping platforms such as Google Maps or Apple Maps and will have done so
in mobile and desktop computing environments.

Tactics and tasks associated with lab material

Students will gain the ability to harness basic functionality of a GIS, for example, the use of
Google Maps and Google Fusion tables to convert a spreadsheet to a map, such as taking
openly available crime or health data and creating a point map. Other examples include: an
introduction to ESRI Online, 3D Maps for Microsoft Excel 2016, Google Earth Tours, and
Tableau. For example, mapping with Socrata, a browser based online platform increasingly
being used by governments where end users can view, download and interact with open
data on a map or in tabular form. At this level, any relatively user-friendly mapping tool
that offers a GUI would be appropriate.

Additionally, at this level students must develop an awareness of the issues and challenges
associated with CyberGIS including spatial data access, privacy, quality, aggregation, infor-
mation integration from multiple sources, implementing seamless interoperability among
heterogeneous datasets associated with big data (Wang et al., 2013). These concepts may
be integrated with the above suggested technologies, for example, students can explore the
limitations of current open government data access through engagement with the Socrata
platform.

Level 2: the “traditional” GIS student

Student description
This level is aimed at students who have experience with and interest in working directly
with traditional desktop GIS software, like QGIS or ArcGIS. Students at this level build upon
their existing GIS knowledge to gain an ability to interact and collaborate with front and back
end developers® as well as the end-users of data and subsequent geovisualizations described
in the first level. This is the “traditional” middle-actor that has stood between spatial data
and data structures and processed spatial analyses and geovisualizations. Local government
GISystems analysts and spatial business analytics are examples of this “traditional” role.
As technology shifts and spatial data increases in both volume and heterogeneity, famil-
iarity with CyberGIS tools and concepts become necessary for the employment opportuni-
ties these students seek. In particular, at this level students develop an understanding and
comfort level with CyberGIS tools and basic programming techniques, such as those found
in the CyberGIS Toolkit for parallel cartographic computing (Shook et al., 2016; Wang,
2014) and the automated retrieval and processing of web-hosted spatial data using Python.
Students at this level develop an understanding of various file formats and open-source
and proprietary technologies, including but not limited to PostGIS, Web Mapping Services
and JavaScript and Python libraries associated with the use of Application Programming
Interfaces (API) to acquire, process, and display geospatial data.

Tactics and tasks associated with example of lab materials
Students in this level should be exposed to, but not expected to master, the concepts associ-
ated with a full stack development process associated with the design of a complete CyberGIS
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project: such as the acquisition, manipulation, analysis, processing, and visualization of spa-
tial data hosted in the cloud. At this level, students should be challenged to think of creative
solutions to tackle issues and challenges that could be solved with CyberGIS, for example
the monitoring, analysis, and visualization of social media mentions of “election fraud”
during an United States Presidential election or the aggregation and analysis of running
data from run-tracking applications (like Strava) to reveal potential discrepancies between
popular exercise routes and the locations of crosswalks. At this level, the instructor has a
responsibility to push students to incorporate social justice and equity issues alongside the
burgeoning technical ability of their students.

Level 3: CyberGlS developer

Student description
Students at this level come to the discipline with extensive programming background, but
not necessarily any geography or traditional GIS experience. Already engaged in software
or web development, these students are interested in becoming CyberGIS tool developers.
At this level, the focus is to prepare students capable of creating new front and back end
deployments of spatial information systems, in other words, students must be capable of
building CyberGIS-capable GISystems. At this level, core spatial concepts are particularly
important because students gain the ability to create bespoke geospatial tools. In other
words, they are developing the code which powers the buttons that will then be pushed.
In order to do so, students must join programming knowledge with the fundamental
spatial models that structure GIScience. Further, as their decisions influence what buttons
do, what actions are possible in a given software application, students must not simply
master the technical and theoretical concepts as distinct from society, but must reflexively
consider the role of their decisions and resulting creations upon society. Tool builders have
a responsibility to use their knowledge and skills to reduce the likelihood of reproducing
inequalities through the use of their tools. This level is often comprised of students that have
not yet been exposed to the challenges and critiques of GIS that have been highlighted in
this paper. The tools being built need to provide the end user with the ability to conduct
appropriate spatial analysis and geovisualizations, but to do so within as inclusive an envi-
ronment as possible.

Tactics and tasks associated with lab material
At this level lab material should include skills associated with setting up servers and data-
base management (i.e. Arc Server, GeoServer) that handle a diverse set of spatial data and
information to users. Additionally, courses at this level will introduce tools required for
the analysis of big data, such as Hadoop, Cassandra, Spark, and web based visualization
software, like Leaflet, OpenLayers, or Carto. These specific tools will change over time.
Linking advanced conceptual skills, technical programming ability, and reflexive con-
sideration of societal positionality and influence is a difficult task. One effective technique
is to encourage students to identify a situation they wish to improve and then brainstorm
how geospatial information and CyberGIS techniques might illuminate to better alleviate
the existing condition. For example, a student interested in inequitable access to healthy
food (Wang et al,, 2012) could develop a tool that matched in-need families with their
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closest urban garden, while simultaneously allowing for the analysis and visualization of
the distribution of food through a city via urban gardens.

Discussion

Structuring classes around these “levels” was constructive and helpful both during initial
course design and when reviewing course material created through the CyberGIS Fellows
program. However, we now suggest a break with the hierarchical nature implied by refer-
ring to the student groups as “levels.” The ordinal nature of this stratification is problematic
as one level is not more valuable than the others. For example, those who know how to
build, maintain spatial data infrastructures and databases may not know the topic being
scrutinized and analysed, and therefore may not be able to identify the most appropriate
analysis method or represent the data stored in their databases. While, at the same time,
a domain expert in the area being scrutinized might be able to make sense of the existing
data within the infrastructure. Another reason discomfort arose is because not everyone
will pass through each of these levels for individual reasons as originally conceptualized.
Some students come to the field of CyberGIS via level 3 and may never encounter the same
training that occurs at level 1 with a GIS GUI. For example, someone from an engineering
background may already know how to technically build databases, but might not be familiar
with the unique characteristics of spatial data and require training in these concepts.

Therefore, we see the relationship as cyclical, the levels are nominal categories rather
than ordinal (See Figure 2). Each category is valuable, and being aware of each category
is equally important for developing and using CyberGIS tools. The goal is to prepare
students to engage at the level of their interest and intentions, while also training them in
the necessary underlying concepts (technical, theoretical, and social). Doing so prepares
them to be able to talk across “levels” or “categories” to perform the collaboration neces-
sary for successful CyberGIS implementation. The categories are simply not ordinal, they
are nominal.

o
—

Figure 2. Updated CyberGIS pedagogical framework to reflect the cyclical relationship among the levels.
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Despite differing levels of digital literacy level and technological capacity, multiple, varied
individuals contribute to CyberGIS. The basic computer user may be the local or topical
expert of the phenomena (originally thought of as level 1) for which data are being collected
and analysed. A front-end developer creates the interface for this user (originally thought
of as level 2), while the back-end developer creates the architecture through which the data
passes (originally conceptualized as level 3). More complex projects involve multiple indi-
viduals in related roles, for example an analyst may decide which model is most appropriate
for the existing data, while a project manager may set over-arching goals. Incorporating
individuals from each level described is important for a functional and productive CyberGIS
system, the levels should not be considered hierarchical and individuals must be trained to
communicate across categories. Not everyone has all the skills required to create accurate,
representative maps populated with data from large data stores, multiple perspectives and
different skill sets are required, and this is particularly true when working with big data-
sets associated with CyberGIS. If an individual only interacts with those within the same
technological experience level, the tools produced may not reflect the needs of someone
at another level.

Considering this, while the categories for students and coursework organization remain
distinct, data can be thought of passing through each category in a cyclical way. Data moves
through people and tools in each category as it is captured, stored, analysed, and visualized.
Potential students are able to contribute to CyberGIS in a variety of ways; they need not
pass through each “level”. These levels presented are now thought of as nominal categories.

Conclusion

As the amount of spatial data continues to grow, there is an evolving need for advanced
GIS training. In turn pedagogy and curriculum must evolve and incorporate the new tech-
niques, tools, and infrastructures for spatial data found in CyberGIS. This evolution could
increase the likelihood for creative and diverse voices to generate new ideas that address
the many challenges associated with CyberGIS. These challenges include but are not limited
to: spatial data access, privacy, quality, aggregation, data integration from multiple sources,
and implementing seamless interoperability among heterogeneous datasets associated with
big data (Wang et al., 2013).

Here, we presented a framework for the pedagogical organization of CyberGIS students
and coursework informed by traditional GIS pedagogy and constructivist-learning prin-
ciples. The framework was inspired by the need to leverage both cutting-edge technolo-
gies and diverse populations to address complex challenges facing CyberGIS. The original
pedagogical framework was conceived as hierarchical, it became increasingly clear that the
“levels” are actually types of students with diverse epistemological positions, each category
of student has knowledge valuable to contribute to the life cycle of a CyberGIS project. The
“levels” are in fact organizational tools that reflect nominal, rather than ordinal, categories.
Not everyone can or will pass through each technological level described in the framework.
For example, a domain and regional expert is useful to input accurate data into a CyberGIS,
the back end developer to build a functional and logical database, while a front end devel-
oper can help data analyst, streamline the data entry and data visualization process in an
effort to communicate information effectively. All roles are valuable and necessary and it is
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imperative to recognize each other’s strengths to best build and maintained CyberGIS tools
to effectively to meet the needs of the end user and the supporting teams.

By incorporating this constructivist, reflexive pedagogical approach, it is hoped that
students will feel encouraged by the learning process and in turn be attracted, and prepared
to contribute to the field of CyberGIS. The aim is to create an inclusive environment that
values new ideas. By bringing more and diverse voices to the field, it is hoped that more
diverse solutions will be introduced to address the complex challenges facing CyberGIS.

Notes

1. Colloquially, GIS may refer to either a specific GISystem (the software and hardware) or the
field of study that constitutes GIScience; in this article, GIS will refer to a GISystem unless
otherwise noted.

2. For a more robust discussion of the specific tools that could be taught (see Roth, Donohue,
Wallace, Sack, & Buckingham, 2014; Shook et al., 2016).

3. Front-end developers work with the parts of an application end-users interact with directly,
while back-end developers focus on those parts end-users are unlikely to ever directly
encounter, such as database structures.
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