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Abstract
This study brings attention to the determinants of 21st-century skills and 21st-century digital skills. The following skills are
investigated: technical, information, communication, collaboration, critical thinking, creativity, and problem-solving skills.
To understand differences in the level of these skills among workers, we need to know the factors that determine an
individual’s skill level. A systematic literature review was conducted to provide a comprehensive overview of empirical studies
measuring skill determinants. The results show that there is strong need for research on determinants of communication and
collaboration skills. In a digital context, determinants for creativity and critical thinking are hardly studied. Furthermore, the
identified determinants of 21st-century skills studies are limited to personality and psychological determinants, neglecting,
for example, social determinants such as social support. Although digital skills studies show more variety, they mostly cover
demographic and socioeconomic determinants.
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Introduction
Society has shifted from an economy based on commodities
and manual labor to an economy based on knowledge and
highly qualified human capital (e.g., Dede, 2010; Jara et al.,
2015; Levy & Murnane, 2004). Employees need to be prepared to shift jobs and to be flexible in acquiring skills.
Information and communication technology (ICT) is pervasive in the workplace and there is a high demand for ICTproficient employees. To study differences in digital skills
and to develop interventions for skill improvements, in the
past years several skill frameworks and definitions have been
introduced (e.g., 21st-century skills, digital skills, digital
competence, digital literacy, e-skills, internet skills). The
approach to the definition of digital skills has shifted from a
technical orientation toward a wider perspective that considers content-related or higher-order skills (Claro et al., 2012).
A recent systematic literature review of academic literature
proposed seven core skills with digital components. The
identified 21st-century digital skills are technical, information, communication, collaboration, creativity, critical thinking and problem-solving (Van Laar et al., 2017).
While the importance of these skills to fulfill the demands
for workers in the 21st century has been well established,
research has identified that comprehensive knowledge about

skill assessment is lacking (Voogt & Roblin, 2012). Although
various components of digital skills have been described in
theory (e.g., Claro et al., 2012; Jara et al., 2015; Siddiq et al.,
2017; Van Deursen et al., 2016), it remains unclear which of
these skills are influenced by what variables. Moreover, the
majority of articles on 21st-century and digital skills describe
the skills on conceptual level with little evidence of corresponding data (Siddiq et al., 2016). As such, it is useful to
synthesize existing knowledge concerning the factors that
cause differences in the level of 21st-century digital skills
among workers. We know relatively little about how the
range of different skills may vary due to different individual
background variables (Helsper & Eynon, 2013). The aim of
this study is to provide a state-of-the-art overview of empirical studies on determinants relevant to each type of skill.
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A systematic literature review is conducted to synthesize
the academic English-language literature concerned with
determinants of 21st-century skills and 21st-century digital
skills. We expect that determinants of 21st-century skills also
play a role in understanding 21st-century digital skills. The
review also shows what methods are currently used to measure skills. The overview of determinants and skills indicates
relevant factors that encourage or hinder skill development,
it can contribute to the development of a parsimonious model
to explain differences in mastering these skills, and it identifies the research areas that gained little attention. The results
are also useful for designing interventions or justifying skill
development policies. Furthermore, the overview will help
educational experts who need to equip students with skills
that meet the demands of the workforce and employers who
are responsible for the development and consolidation of
employees’ skill levels. Two research questions are
addressed:
1.
2.

Which are significant determinants of 21st-century
(digital) skills?
What are the nonsignificant determinants of 21stcentury (digital) skills?

Theoretical Background
21st-Century Skills
The skills needed for education and the workplace in the current economy have been labeled 21st-century skills. To
define and systemize these skills, a number of initiatives
have outlined frameworks. The Partnership for 21st Century
Skills (P21, 2007) is a joint government–corporate organization which lists three types of skills: learning skills (creativity and innovation; critical thinking and problem-solving;
communication and collaboration), literacy skills (information literacy; media literacy; ICT literacy), and life skills
(flexibility and adaptability; initiative and self-direction;
social and cross-cultural skills; productivity and accountability; leadership and responsibility). Another initiative is the
international research project Assessment and Teaching of
21st Century Skills (ATC21S). The ATC21S project resulted
in 10 skills grouped into four categories: ways of thinking
(creativity and innovation; critical thinking, problem-solving, and decision-making; learning to learn and metacognition), ways of working (communication; collaboration),
tools for working (information literacy; ICT literacy), and
living in the world (citizenship; life and career skills; personal and social responsibility) (Binkley et al., 2012). Other
public organizations have proposed similar skills. The
Organisation for Economic Co-operation and Development
(OECD), for example, has categorized 21st-century skills as
information, communication, and ethics and social impact
(Ananiadou & Claro, 2009). As the exact definition, amount,
and subset of incorporated skills differ, efforts have been

made to point out the commonalities in the conceptualization
of 21st-century skills. Voogt and Roblin (2012) showed that
all frameworks include ICT-related skills, collaboration,
communication, and social and cultural competences.
Besides, most acknowledge creativity, critical thinking, and
problem-solving. However, most 21st-century skills frameworks do not go beyond the stage of conceptual definition.
Ferrari (2012) mentioned that a plethora of concepts and
frameworks have been introduced to highlight the need to
handle technology in the digital age.
In the digital skills literature, a number of instruments
have been used to measure digital skills (e.g., Hargittai &
Hsieh, 2012; Spitzberg, 2006; Van Deursen et al., 2016).
Digital skills research acknowledges that both basic skills
necessary to use the internet and skills required to comprehend and use online content should be accounted for (Bawden,
2008; Brandtweiner et al., 2010; Eshet-Alkalai & AmichaiHamburger, 2004; Ferrari, 2012; Gui & Argentin, 2011;
Mossberger et al., 2003; Spitzberg, 2006; Van Deursen et al.,
2016). From this point of departure, several authors have suggested specific skills, mostly related to information searching.
Although this is a valuable addition to the concept, the focus
is often on the technicalities of internet use as opposed to a
broad range of skills. Only a few approaches provide an integration of digital and 21st-century skills, and therefore, we
did not consider the digital part as a precondition for identifying potential determinants of 21st-century digital skills.
On the one hand, 21st-century skills literature emphasizes
a broad spectrum of skills, yet do not explicitly integrate
digital aspects. The digital skills literature, on the other hand,
often does not cover the broad spectrum of skills posed by
21st-century skills studies. Van Laar et al. (2017) conducted
a systematic literature to synthesize the relevant academic
literature concerned with 21st-century skills and digital
skills. Their review resulted in seven core and five contextual
skills. As ICT is pervasive in the workplace, the digital component can be integrated into 21st-century skills. This study
elaborates on the seven core skills supported by the use of
ICT: technical, information management, communication,
collaboration, creativity, critical thinking, and problem-solving. These skills are fundamental for performing tasks in a
broad range of occupations. Here, we deliberately distinguish between 21st-century skills and digital skills as they
are often considered separately. Therefore, we first discuss
the core 21st-century skills, and in the next paragraph we
systematically add the digital component.
Technical skills. To maintain competitive advantage,
employees must be fluent in the skills and languages of
ever-changing technologies (Lemke, 2002). For increasing
productivity, new technology is developed, and as a consequence, technology is increasingly replacing manual labor
and being integrated into most aspects of work (Fuchs,
2010). Workforces need to be capable of continuously adapting to shifting job requirements related to new skill-intensive
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technologies (Levy & Murnane, 2004). As workplaces have
become more complex and supported by ICT, more jobs
require technical skills.
Information skills. The abundance of information and data
implies that employees in nearly all sectors of the economy
must be able to search, evaluate, and organize information,
often coming from multiple sources (Silva, 2009). The quick
access to a wide range of information sources means that
people need to recognize when information is needed and
to evaluate the reliability and relative value of information
(Marchionini & White, 2007; Starkey, 2011).
Communication skills. Communication skills are vital in
the growing service sector and concern the ability to transmit information, ensuring that the meanings are effectively
expressed by taking into account the audience and medium
(Ananiadou & Claro, 2009; Katz, 2007). One must be able to
effectively regulate one’s needs and goals with those of the
larger society to successfully navigate in the current social
world (Voogt et al., 2013). Because of the interconnectedness of our global economy, employers demand people with
communication skills (Levy & Murnane, 2004).
Collaboration skills. Work is becoming more knowledgebased, interdisciplinary, and specialized. The complexity of
tasks requires employees to collaborate, as individuals cannot possess all knowledge and skills (Wang, 2010). As a consequence, work is increasingly performed by teams of people
with complementary expertise and roles (Dede, 2010; Fraser
& Hvolby, 2010). Employees are often dependent on others to accomplish their tasks (Bronstein, 2003). To function
interdependently, they need a clear understanding of their
own roles and those of their collaborating partners.
Critical thinking skills. Critical thinking broadly refers to
making informed choices about obtained information and
communication by using sufficient reflection and reasoning.
It concerns the ability to think reflectively and judge skillfully, so as to decide what information or communication is
relevant in a given context (Gut, 2011). The ability to filter
the amount of incoming data to formulate your own point of
view is a key 21st-century skill (Dede, 2010). To think critically, employees need knowledge that is central to the particular domain to formulate an independent, well-grounded
perspective or opinion (Van de Oudeweetering & Voogt,
2018).
Creativity skills. In addition to being able to process and
transmit information, it is necessary to transform information into new knowledge. Previous research has often reasoned that complex problems necessitate creative solutions
(Kaufman, 2013). Creativity is related to the production of
new and useful ideas on products, services, or processes that
are both novel and potentially useful (e.g., Amabile, 1988;

Oldham & Cummings, 1996). Because employee creativity
is presented as an imperative for long-term organizational
success (DiLiello & Houghton, 2008), it arises as a critical
skill for organizations to lead or adapt to change.
Problem-solving skills. As the workforce is increasingly
confronted with challenging and nonrecurrent problems
(Autor et al., 2003), employees need the skills to solve
domain-specific problems. Situations that are complex and
uncertain and that have no precedent require problem-solving skills (Keane et al., 2016). Problem-solving is often conceptualized as the knowledge and skills that are required to
deal effectively with complex nonroutine situations (Funke
et al., 2018). Although domain-specific knowledge plays an
important role, it is not just prior knowledge. An employee
must identify necessary actions, possible gaps, and steps to
obtain this information (Rausch & Wuttke, 2016).

Adding the Digital Component: 21st-Century
Digital Skills
Technical skills are similar as proposed in the notion of 21stcentury skills. These are the skills that workers need to use
software or operate a digital device. They are dynamic,
involving a continual effort to keep up with new technologies and practices.
Information digital skills. The information abundance
caused by ICT requires skills for searching, evaluating, and
organizing information in digital environments (Catts & Lau,
2008). Information management includes the ability to (a)
clearly define information needs, (b) identify digital information, and (c) select digital information in an effective and
efficient way (Ananiadou & Claro, 2009). Once the information has been found, workers need the skills to evaluate how
valuable the source and its contents are for the task. Moreover, workers need the skills to store and organize the digital
information for easy retrieval. As today’s workers often use
multiple digital devices, they need the skills to distribute and
maintain information across their digital devices (Song &
Ling, 2011).
Communication digital skills. ICT has made it easier to
reach a wide audience and communicate at a distance, faster
and more ubiquitously. Individuals are able to express themselves, establish relationships, and interact with others at
any distance in time and space (Yu et al., 2010). ICT-based
communication is regarded as a means of generating social
interactions and strengthening social relationships (Hwang,
2011). It is imperative that workers understand how to appropriately and effectively communicate using email, social
networking sites, and instant messaging services (Lewin &
McNicol, 2015; Wang et al., 2012). People are encouraged
to share ideas and opinions within organizations and online
forum communities (Lu & Lee, 2012). Workers need the
skills to contact other members, maintain those contacts, and
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share online content and media with their contacts. Online
content-sharing activities range from sharing status updates,
posts, photos, and videos to writing comments and blogs
(Brandtzæg et al., 2010).
Collaboration digital skills. Collaboration processes—managing interdependencies across time to achieve a common
goal—are increasingly supported by ICT. ICT is especially
useful when teams must share information and make decisions across business and national boundaries (Wang, 2010).
With the use of collaboration software as chats (e.g., Skype
or WhatsApp), colleagues can instantaneously interchange
ideas, information, and experiences. Workers therefore need
the skills to connect and collaborate with others beyond a
constrained physical environment (Starkey, 2011). Moreover, with the help of content management systems, it is
possible to work on the same document at the same time.
As such, workers need the skills to work together on shared
documents and projects beyond the restrictions of time and
place (Lewin & McNicol, 2015). In today’s knowledge
society, given the emergence of online collaborative platforms, it is even more important to understand and manage
the sharing of information across the organization (Bălău &
Utz, 2017).
Critical thinking digital skills. Critical thinking has been
identified as being particularly important because in a global
online environment people participate and resources are
created with various intentions and competences (Starkey,
2011). Online contents must be critically assessed in this
age of disinformation and fake news. It is crucial that people
understand its nature and source. The focus is on the quality
of messages in relation to performance in argumentation. It is
crucial for workers to rapidly filter incoming online information and communication and to extract valuable information
(Dede, 2010). They must be able to induce critical reflection
upon the points that are being discussed online and give sustained arguments that steer the online discussion.
Creative digital skills. ICT can support creativity in multiple ways, including developing ideas and creating or realizing ideas (Loveless, 2007). Digital environments allow
workers to assess various design concepts, experiences, and
ideas. Furthermore, Web 2.0 technology enables workers
to produce and share content in new ways. Online content
creation is the use of online spaces to create content including weblogging and photo and video sharing (Brake, 2014).
User-generated content creation becomes a common creative
practice (Lai & Yang, 2014; Lessig, 2008) in which creativity determines whether the online-generated content is successfully received by the audience.
Problem-solving digital skills. In an information-abundant
society, problems can be defined differently, and multiple
solutions can be found online. The disadvantage is that the
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knowledge to solve specific problems can be available online
but possibly remains unnoticed because of a lack of an integrated view (David & Foray, 2002). As such, workers need
online problem-solving skills to either formulate the problem
or find strategies to determine the best solution for a problem. They need the skills to find multiple solutions, solve
unfamiliar problems, and transfer knowledge to new situations (Barak, 2018). ICT has become an important medium
for accessing and connecting information and, thereby, solving problems.

Determinants of 21st-Century (Digital) Skills
There is widespread consensus among researchers that to use
the internet in meaningful ways, users must develop sufficient digital skills (Jenkins et al., 2009; Mossberger et al.,
2003). However, regarding how users could develop these
skills, different answers are provided. Most initial investigations of the digital divide tended to look at basic demographic
and socioeconomic predictors of mere access such as gender,
age, education, income, and employment status (DiMaggio
et al., 2004). The digital divide approach based on inequalities in internet access has evolved into a divide that includes
differences in skills to use the internet (Fuchs, 2009; Selwyn,
2004; Van Dijk, 2005). Several studies have demonstrated
that once access to technology is equal, the differences in
how effectively it is used relate to economic, cultural, and
social variables (Jara et al., 2015).
Most of the literature reviews related to skills research
attempted to structure and synthesize conceptualizations
instead of evaluating skills assessments in empirical studies
(Siddiq et al., 2016). Moreover, existing reviews of digital
skills–related assessments mainly focused on unidimensional aspects such as basic internet skills (Litt, 2013). Van
Deursen and Van Dijk (2010) showed that similar determinants of internet access and use determine internet skills;
however, the relative influence of these determinants depends
on the type of skill measured. Given the controversies of
definition that are apparent, an extended perspective on
assessments of digital skills as a broader concept is missing.
The main goal of this systematic literature review is to
develop a comprehensive description of state-of-the-art 21stcentury (digital) skills assessments by identifying the variety
of empirical studies that aim to measure determinants of
these skills. This study furthermore establishes an empirical
base to indicate the determinants’ impact on these skills and
to highlight potential interventions. To present the findings
of the review, we categorized the identified determinants
adapted from the resources and appropriation theory (De
Haan, 2004; Van Dijk, 2005). This theory relates the differences in people’s digital skills to a distribution of resources
(temporal, material, mental/motivational, social, and cultural) that, in turn, are explained by personal categories and
positions in society. Here, we divided personal and positional
categorical inequalities into demographic, socioeconomic,

5

Laar et al.
and personality/psychological determinants. Demographic
determinants cover concepts such as age, gender, and race/
ethnicity, whereas the personality and psychological determinants refer to a person’s traits and intelligence.
Socioeconomic determinants include positional categories
such as education, income, and labor position. Temporal
determinants mean having the time to use digital media.
Material determinants concern a person’s possessions.
Mental and motivational determinants refer to a person’s
learning style, motivation, and skills (as they can also be a
determinant of other skills). Social determinants concern
having a social network to assist in using digital media.
Finally, cultural determinants cover variables such as religion, language, and attitude toward other cultures.

Method

keywords of the article. As a result, the second Boolean
search action was conducted: (“21st-century skills” OR
“twenty-first century skills” OR “e-skills” OR “digital skills”
OR “digital competenc*” OR “digital literac*” OR “internet
skills” OR “ICT skills” OR “ICT competenc*” OR “ICT literac*”) AND (“associat*” OR “antecedent*” OR “contribut*”
OR “determin*” OR “factor*” OR “influenc*” OR “moderat*” OR “predict*” OR “related” OR “relation*”)

Selection Criteria
A number of criteria were specified to select relevant Englishlanguage articles. The searches were refined by specifying
the following six selection criteria:
1.

Systematic Literature Review
A systematic literature review attempts to collate all relevant
evidence that fits prespecified eligibility criteria to answer a
specific research question (Shamseer et al., 2015). It uses an
explicit, reproducible methodology to minimize bias in the
identification, selection, and summary of studies. This
method fits our research purpose because it helps synthesize
all academic articles that measure determinants of 21st-century skills and 21st-century digital skills. The review was
conducted in accordance with the Preferred Reporting Items
for Systematic Reviews and Meta-Analyses (PRISMA)
approach (Moher et al., 2015). This approach intends to
guide the documentation of systematic literature reviews by
creating a guideline to improve the transparency, accuracy,
and completeness of publications.

2.

3.

4.
5.

Search Terms
The search action was conducted using the Scopus, Web of
Science, and PsycINFO databases, which together cover an
inclusive range of social science journals. The first search
stream included core skills dimensions in agreement with
several keywords for determinants. The keywords had to be
in the title of the article to specify the search stream. In addition, the keywords skills, competence, and literacy were
added. As a result, the first Boolean search action was conducted: (“technical” OR “information literac*” OR “communication competenc*” OR “collaborativ*” OR “teamwork*”
OR “creativ*” OR “critical thinking” OR “problem solving”) AND (“associat*” OR “antecedent*” OR “contribut*”
OR “determin*” OR “factor*” OR “influenc*” OR “predict*” OR “related” OR “relation*” OR “moderat*”) AND
(“skills” OR “competenc*” OR “literac*”)
As the skills mentioned above depart from the multitude of
existing concepts, a second search stream included 21st-century skills and digital skills–related terms and keywords for
determinants. The keywords had to be in the abstract, title, or

6.

Contain skills (technical, information management,
communication, collaboration, creativity, critical
thinking, and problem-solving) as the dependent
variable because the focus is on the factors that influence an individual’s skill level.
Include the impact of determinants of 21st-century
(digital) skills at the level of the individual worker.
Organizational determinants (e.g., organizational
culture and leadership style) fall outside the scope.
Present original quantitative empirical data rather
than qualitative data or an overview of previously
reported data because the aim is to examine significant determinants. The mixed method is included in
our analysis when it provides us with quantitative data
on the determinants of 21st-century (digital) skills.
Report directional significant effects (p < .05) rather
than correlation effect sizes to provide the strongest
empirical support for the determinants.
Involve participants from secondary school age and
older because this group represents preparation for
working life and the workforce.
Be published in a peer-reviewed journal because
such journals are considered the most reliable source
of scientific information.

Study Selection
The study selection was performed in three steps. First, the
titles of all retrieved articles were screened for eligibility
based on the abovementioned inclusion criteria. Second, the
abstracts of all initially relevant articles were screened by
applying the same six uniform criteria. Third, the full text of
all remaining publications was checked for inclusion. For
each article deemed relevant, information from the full-text
article was extracted. Each potential article was coded in
terms of the following: names of the authors, date published,
journal, aims, method, dependent variables and their operationalization, independent variables, results, and conclusion.
The coding of the articles was performed to ensure that all
relevant articles were selected.
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Figure 1. PRIMA flowchart of the literature selection process.

Note. PRISMA = Preferred Reporting Items for Systematic Reviews and Meta-Analyses.

PRISMA Flowchart
Given the restrictions of the document type and language,
4,266 articles were identified from the Boolean search
actions. Of the 4,266 articles, 1,706 were duplicates, which
means that 2,560 different articles were screened. After the
title and abstract screening, 339 were read in full text, of
which 154 articles met all six inclusion criteria. Figure 1
presents the flowchart for selection. Additional records were
not identified through other sources because the references
of the included articles did not contribute to the received
information. There were seven reasons for excluding a fulltext screening: (a) no skills as dependent variable, (b) no fulltext available, (c) no independent variable, (d) no quantitative
research, (e) no directional effect, (f) only organizational
determinants, and (g) no participants in the age category of
secondary school or older.

Selection Bias
To verify that the selected articles met the selection criteria,
10% of the articles derived from both search actions in
Scopus (n = 209) were independently coded by a second

coder. Publication bias in a systematic literature review
occurs mostly during the selection process, and a transparent
selection process is necessary to minimize such bias. A second coder performed both search actions and followed the
study selection steps of title, abstract, and full-text evaluation according to a predefined instruction. The interrater reliability was .90, which shows a good agreement between the
two coders. Any differences of opinion about whether or not
to include an article were resolved through discussion until a
consensus was reached.

Results
Categorization of Selected Studies
The number of studies measuring determinants of 21st-century skills (Table 1) and 21st-century digital skills (Table 2)
were categorized by type of skill and method. The categorizations of skills were based on the operationalization used.
If a study measured multiple skills combined as the dependent variable, we placed the determinants into all corresponding skills categories. It is important to note that
technical, information, and communication were frequently
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Table 1. The 21st-Century Skills Studies Categorized by Type of Skill and Method.
Method
Skills
Technical
Information
Communication
Collaboration
Critical thinking
Creativity
Problem-solving
Total

Survey

Performance test

Experiment

Mixed method

Total

2 (3.4%)
2 (3.4%)
9 (15.3%)
6 (10.2%)
15 (25.4%)
19 (32.2%)
6 (10.2%)
59

0 (0%)
0 (0%)
0 (0%)
1 (11.1%)
1 (11.1%)
2 (22.2%)
5 (55.6%)
9

0 (0%)
0 (0%)
0 (0%)
0 (0%)
2 (16.7%)
7 (58.3%)
3 (25.0%)
12

0 (0%)
0 (0%)
1 (33.3%)
0 (0%)
1 (33.3%)
0 (0%)
1 (33.3%)
3

2 (2.4%)
2 (2.4%)
10 (12.0%)
7 (8.4%)
19 (22.9%)
28 (33.7%)
15 (18.1%)
83

Table 2. The 21st-Century Digital Skills Studies Categorized by Type of Skill and Method.
Method
Skills
Technical
Information
Communication
Collaboration
Critical thinking
Creativity
Problem-solving
Total

Survey

Performance test

Experiment

Mixed method

Total

35 (44.3%)
24 (30.4%)
9 (11.4%)
1 (1.3%)
1 (1.3%)
2 (2.5%)
7 (8.9%)
79

10 (25.6%)
10 (25.6%)
3 (7.7%)
1 (2.6%)
3 (7.7%)
1 (2.6%)
11 (28.2%)
39

1 (20.0%)
3 (60.0%)
0 (0%)
0 (0%)
1 (20.0%)
0 (0%)
0 (0%)
5

3 (60.0%)
1 (20.0%)
1 (20.0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
5

49 (38.3%)
38 (29.7%)
13 10.2%)
2 (1.6%)
5 (3.9%)
3 (2.3%)
18 (14.1%)
128

combined as a dependent 21st-century digital skill. For
21st-century skills studies, creativity (33.7%), critical thinking (22.9%), and problem-solving (18.1%) were the most
investigated skills. Technical (2.4%) and information skills
(2.4%) were underrepresented. For 21st-century digital
skills studies, technical (38.3%) and information skills
(29.7%) were the most investigated skills, whereas critical
thinking (3.9%) and creativity (2.3%) were underrepresented. Both measured determinants of problem-solving
relatively frequently, whereas communication and collaboration were underreported. Furthermore, surveys were the
most commonly employed method. In addition, for 21stcentury skills, creativity was relatively often measured in
experiments and problem-solving in performance tests. For
21st-century digital skills, technical, information, and problem-solving skills were relatively often measured in performance tests.

Significant Determinants of 21st-Century Skills
and 21st-Century Digital Skills
The results of the review are presented in schemes matching
the seven core skills and eight groups of determinants. An
overview of all significant determinants is displayed in
Supplemental Appendix A. Table 3 shows the number of significant determinants for 21st-century skills and Table 4 the

number of significant determinants for 21st-century digital
skills. A list of all determinants per skill is displayed in
Supplemental Appendix B. For 21st-century skills studies,
creativity (n = 82), critical thinking (n = 38), and problemsolving (n = 30) reported a large number of determinants.
They clearly show the determinants in a particular direction.
Personality and psychological determinants were mainly
covered in studies that examined problem-solving (66.7%),
critical thinking (57.9%), and creativity (50.0%). Examples
were the Big Five dimensions of personality (Openness to
Experience, Extraversion, Conscientiousness, Agreeableness,
and Neuroticism). Moreover, mental and motivational determinants were well represented for studies measuring creativity (22.0%). Two studies measuring ethical decision-making
and time management styles were mainly responsible for this
number. Although studies examining communication and
collaboration skills were underreported, they show the determinants in a particular direction. Communication mainly
addressed social (25.0%), mental/motivational (25.0%), and
cultural determinants (20.8%). One study measuring sensitivity to the partner while communicating was mainly
responsible for the social determinants. Examples of cultural
determinants were cultural capital and intercultural sensitivity. Collaboration focused on personality and psychological
determinants (63.6%) such as personality traits, emotional
intelligence, and thinking styles.
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Table 3. Significant Determinants of 21st-Century Skills.
Skills
Determinants

Technical

Information

Demographic
Socioeconomic
Personality/psychological
Temporal
Material
Mental/motivational
Social
Cultural
Total

0 (0%)
1 (16.7%)
1 (16.7%)
0 (0%)
0 (0%)
4 (66.7%)
0 (0 %)
0 (0%)
6

0 (0%)
1 (12.5%)
1 (12.5%)
0 (0%)
0 (0%)
4 (50.0%)
0 (0%)
2 (25.0%)
8

Communication Collaboration Critical thinking
1 (4.2%)
3 (12.5%)
2 (8.3%)
1 (4.2%)
0 (0%)
6 (25.0%)
6 (25.0%)
5 (20.8%)
24

0 (0%)
1 (4.5%)
14 (63.6%)
0 (0%)
0 (0%)
6 (27.3%)
1 (4.5%)
0 (0.0%)
22

6 (15.8%)
5 (13.2%)
22 (57.9%)
0 (0%)
1 (2.6%)
0 (0%)
3 (7.9%)
1 (2.6%)
38

Creativity

Problem-solving

Total

5 (6.1%)
5 (6.1%)
41 (50.0%)
1 (1.2%)
7 (8.5%)
18 (22.0%)
3 (3.7%)
2 (2.4%)
82

0 (0%)
2 (6.7%)
20 (66.7%)
0 (0%)
2 (6.7%)
5 (16.7%)
1 (3.3%)
0 (0%)
30

12 (5.7%)
18 (8.6%)
101 (48.1%)
2 (1.0%)
10 (4.8%)
43 (20.5%)
14 (6.7%)
10 (4.8%)
210

Table 4. Significant Determinants of 21st-Century Digital Skills.
Skills
Determinants

Technical

Information

Communication

Collaboration

Critical thinking

Creativity

Problem-solving

Total

Demographic
Socioeconomic
Personality/psychological
Temporal
Material
Mental/motivational
Social
Cultural
Total

44 (22.3%)
46 (23.4%)
9 (4.6%)
28 (14.2%)
11 (5.6%)
44 (22.3%)
14 (7.1%)
1 (0.5%)
197

21 (15.1%)
23 (16.5%)
17 (12.2%)
22 (15.8%)
7 (5.0%)
24 (17.3%)
9 (6.5%)
16 (11.5%)
139

7 (10.6%)
10 (15.2%)
11 (16.7%)
12 (18.2%)
3 (4.5%)
6 (9.1%)
6 (9.1%)
11 (16.7%)
66

0 (0%)
3 (25.0%)
2 (16.7%)
0 (0%)
1 (8.3%)
4 (33.3%)
2 (16.7%)
0 (0%)
12

6 (37.5%)
2 (12.5%)
1 (6.3%)
0 (0%)
1 (6.3%)
2 (12.5%)
3 (18.8%)
1 (6.3%)
16

3 (33.3%)
1 (11.1%)
1 (11.1%)
0 (0%)
0 (0%)
2 (22.2%)
2 (22.2%)
0 (0%)
9

8 (11.9%)
15 (22.4%)
10 (14.9%)
4 (6.0%)
6 (9.0%)
10 (14.9%)
2 (3.0%)
12 (17.9%)
67

89 (17.6%)
100 (19.8%)
51 (10.1%)
66 (13.0%)
29 (5.7%)
92 (18.2%)
38 (7.5%)
41 (8.1%)
506

For 21st-century digital skills studies, technical (n =
197), information (n = 139), problem-solving (n = 67), and
communication (n = 66) reported a large number of determinants. Demographic and socioeconomic determinants were
well represented in studies measuring these skills. Age, gender, and educational level were frequently reported as significant. Personality and psychological determinants were
well represented for communication (16.7%), problem-solving (14.9%), and information skills (12.2%). Examples of
these determinants include ICT self-efficacy and academic
achievements. Temporal determinants such as ICT use and
ICT experience accounted for the largest share in studies
examining information (15.8%) and technical skills (14.2%).
Material determinants such as ICT access were mainly covered in studies examining problem-solving (9.0%), technical
(5.6%), and information skills (5.0%). Mental and motivational determinants were again the most prevalent in studies
that examined technical (22.3%), information (17.3%), and
problem-solving skills (14.9%). ICT training was frequently
a significant mental/motivational determinant. Social determinants were often reported as significant for technical
(7.1%) and information skills (6.5%). Social support was frequently a significant social determinant. Cultural determinants were often reported as significant for problem-solving
(17.9%), communication (16.7%), and information skills
(11.5%). However, it is important to note that one author

measured cultural determinants in multiple studies and therefore is primarily responsible for this number.

Nonsignificant Determinants of 21st-Century
Skills and 21st-Century Digital Skills
Tables 5 and 6 show the nonsignificant determinants. A low
number of significant determinants have to do with either a
lack of studies examining this determinant or the fact that
they turned out to be nonsignificant. For 21st-century skills
studies, collaboration (81.8%), creativity (52.9%), critical
thinking (51.9%), and problem-solving (19.1%) reported a
large number of nonsignificant personality and psychological determinants. However, except for collaboration skills,
personality and psychological determinants turned out more
frequently to be significant. For creativity studies, material
determinants such as available resources appeared as
nonsignificant.
For 21st-century digital skills studies, although demographic, socioeconomic, temporal, material, and mental/
motivational determinants show a large number of nonsignificant determinants, they appeared more frequently as significant for technical and information skills. By contrast,
technical and information skills studies were inconclusive
about the effect of social determinants (n = 14 compared
with n = 15 and n = 9 compared with n = 7). For
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Table 5. Nonsignificant Determinants of 21st-Century Skills.
Skills
Determinants

Technical

Information

Demographic
Socioeconomic
Personality/psychological
Temporal
Material
Mental/motivational
Social
Cultural
Total

1 (14.3%)
4 (57.1%)
0 (0%)
0 (0%)
0 (0%)
2 (28.6%)
0 (0%)
0 (0%)
7

2 (40.0%)
2 (40.0%)
0 (0%)
0 (0%)
0 (0%)
1 (20.0%)
0 (0%)
0 (0%)
5

Communication Collaboration Critical Thinking
3 (42.9%)
3 (42.9%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
1 (14.3%)
7

1 (4.5%)
2 (9.1%)
18 (81.8%)
0 (0%)
0 (0%)
1 (4.5%)
0 (0%)
0 (0%)
22

7 (25.9%)
2 (7.4%)
14 (51.9%)
0 (0%)
0 (0%)
3 (11.1%)
0 (0%)
1 (3.7%)
27

Creativity

Problem-solving

Total

3 (8.3%)
4 (11.1%)
19 (52.8%)
0 (0%)
5 (13.9%)
3 (8.3%)
2 (5.6%)
0 (0%)
36

4 (18.2%)
4 (18.2%)
13 (19.1%)
0 (0%)
0 (0%)
1 (4.5%)
0 (0%)
0 (0%)
22

21 (16.7%)
21 (16.7%)
64 (50.8%)
0 (0%)
5 (4.0%)
11 (8.7%)
2 (1.6%)
2 (1.6%)
126

Table 6. Nonsignificant Determinants of 21st-Century Digital Skills.
Skills
Determinants

Technical

Information

Demographic
Socioeconomic
Personality/psychological
Temporal
Material
Mental/motivational
Social
Cultural
Total

16 (16.3%)
25 (25.5%)
5 (5.1%)
9 (9.2%)
14 (14.3%)
14 (14.3%)
15 (15.3%)
0 (0%)
98

16 (21.1%)
10 (13.2%)
4 (5.3%)
16 (21.1%)
10 (13.2%)
13 (17.1%)
7 (9.2%)
0 (0%)
76

Communication Collaboration Critical thinking
4 (25.0%)
3 (18.8%)
3 (18.8%)
1 (6.3%)
1 (6.3%)
1 (6.3%)
3 (18.8%)
0 (0%)
16

problem-solving skills, demographic determinants (e.g.,
gender and age) and temporal determinants (e.g., frequency
of ICT use) appeared more frequently as nonsignificant.

Discussion
This systematic literature review provides a state-of-the art
overview of empirical studies on determinants of 21st-century (digital) skills. The results reveal which skills and type
of determinant are relevant for future research. Revealing the
research gaps can contribute to a continued focus on developing and monitoring the variety of 21st-century skills people should attain in the digital context.

Main Findings
A first conclusion is that the determinants for creativity and
critical thinking are less studied in a digital context. One conceivable explanation for why some skills are frequently digitally
considered is that creativity and critical thinking can more easily
be separated from digital contexts in comparison with technical
and information management skills. Nevertheless, academic
thinking shows each 21st-century skill has a digital variant.
Moreover, 21st-century skills and 21st-century digital skills
studies measured the determinants of problem-solving skills
relatively frequently, whereas collaboration and communication

1 (14.3%)
2 (28.6%)
1 (14.3%)
0 (0%)
0 (0%)
2 (28.6%)
1 (14.3%)
0 (0%)
7

1 (7.7%)
2 (15.4%)
2 (15.4%)
1 (7.7%)
1 (7.7%)
2 (15.4%)
4 (30.8%)
0 (0%)
13

Creativity

Problem-solving

Total

0 (0%)
0 (0%)
0 (0%)
0 (0%)
0 (0%)
1 (50.0%)
1 (50.0%)
0 (0%)
2

11 (26.2%)
5 (11.9%)
3 (7.1%)
8 (19.0%)
5 (11.9%)
4 (9.5%)
5 (11.9%)
1 (2.4%)
42

49 (19.3%)
47 (18.5%)
18 (7.1%)
35 (13.8%)
31 (12.2%)
37 (14.6%)
36 (14.2%)
1 (0.4%)
254

skills studies were underreported. Similarly, Siddiq and colleagues (2016) showed that a large majority of existing tests
assess students’ digital information and technical skills, whereas
other aspects of ICT literacy are not equally covered. It is therefore necessary to understand how to measure, for example,
problem-solving, communication, and collaboration with ICT.
Although communication and collaboration are viewed as
essential (Ahonen & Kinnunen, 2015), they are scarcely covered in academic research. One possible explanation of why
some skills are studied more frequently than others is that technology and society are mutually shaping (MacKenzie &
Wajcman, 1985). While technologically deterministic viewpoints consider that society is shaped by technology, this technical viewpoint is avoided by social construction theorists. From
their point of view, social aspects are more important than technological characteristics for determining how a technology is
used. In this respect, instead of only focusing on technical skills,
the so-called content-related skills (such as communication and
collaboration) become more important, as they strongly influence the outcomes of how the internet is used and thus the outcomes of work performance. As a consequence of the mutual
shaping of technology and society, most studies concentrate on
technical skills first. Another possible reason for the lack of
attention is that content-related skills are more difficult to
observe, quantify, or measure (Cobo, 2013; Silva, 2009).
Furthermore, the 21st-century digital skills concept is broad,
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making it difficult to develop one test that covers all (Aesaert &
Van Braak, 2015).
A second conclusion is that for 21st-century skills studies, the most frequently reported significant determinants
are personality and psychological factors. Personality and
psychological determinants are often reported as significant in studies that examined creativity, critical thinking,
problem-solving, and collaboration skills. The determinants of 21st-century skills show less variety than those of
21st-century digital skills. The determinant groups are better represented in studies measuring the digital aspect of
technical, information, communication, and problem-solving skills. In particular, demographic, socioeconomic, temporal, and mental/motivational determinants are frequently
reported as significant. These results show that digital skills
studies take into account a variety of determinants. Learning
styles and sources of help are examples of determinants that
were part of 21st-century digital skills studies, in contrast
to 21st-century skills studies. In addition, digital-related
determinants such as ICT experience, ICT use, and ICT
training are mostly covered in 21st-century digital skills
studies. Remarkably, there are many studies around personality in relation to 21st-century skills in contrast to digital
skills literature where sociological explanations are more
prominent. The digital divide generally implies differences
in access based on socioeconomic divisions (Van Deursen
& Van Dijk, 2015).
A third conclusion is that, except for collaboration skills,
personality and psychological determinants more frequently turn out to be significant than nonsignificant for
creativity, critical thinking, and problem-solving skills.
Personal determinants are proven to be important for these
21st-century skills. For 21st-century digital skills studies,
the same holds true for demographic, socioeconomic, temporal, and mental/motivational determinants of technical,
information, and communication skills. By contrast, for
problem-solving skills, demographic and temporal determinants appear more frequently as nonsignificant.
Determinants such as gender, age, ICT experience, and
ICT use more frequently turn out to be nonsignificant than
significant. Because of the number of different determinants and the scattered overview that they provide, it is difficult to note the factors that can possibly be ignored by
research for specific skills. Overall, factors such as age,
gender, socioeconomic status, personality traits, and intelligence are often investigated but are difficult to account
for in skill policies—these are more permanent and belong
to an individual’s position in society. This is in line with a
previous systematic literature review which showed that
digital skills studies are largely limited to demographic and
socioeconomic determinants (Hargittai, 2010; Scheerder
et al., 2017). To conclude, surveys are the most commonly
employed method to measure skill determinants. Technical,
information, and problem-solving skills are relatively frequently measured in performance tests.

SAGE Open

Limitations
Although peer-reviewed journal articles are considered to be
validated knowledge likely to have high scientific impact
(Keupp et al., 2012), this review might have excluded other
relevant work as we did not consider books or conference
papers. Besides, this review was limited by the choices that
were made in the search streams. Within the first search
stream, the keywords had to be in the title. Although this
choice was needed to specify the search results, it means that
potential articles mentioning the terms only in the abstract or
full text were excluded. In addition, the term skills, competence, or literacy was inserted to specify the search stream.
Consequently, studies measuring the determinants of skills
without mentioning these keywords in the title or abstract
were excluded. These design choices were based on the balance between sensitivity, finding as many articles as possible
that may be relevant, and specificity, ensuring that those
articles are relevant. Because of the heterogeneity of the data
and study designs reviewed, we did not conduct a meta-analysis but aimed to present an overview of past empirical evidence concerning skill determinants. Furthermore, we made
the decision to focus on the core skills. As a result, for example, ethics and responsibility were excluded even if they
could certainly be valuable. Moreover, we decided to include
articles that measured multiple skills combined. It must be
observed that technical, information, and communication
skills were often part of this combined dependent variable.
Furthermore, we had to perform a categorization to make the
number of determinants manageable. Although a categorization is arbitrary, we made it transparent by providing an overview of all significant determinants. Another limitation of
our review is that the conditions within the organization were
not considered. Determinants of skills at the level of individual workers are more often linked to a person, and therefore, a separate search stream would be necessary to
synthesize the organizational determinants. Finally, we used
significance as an indicator to select relevant publications.
Critics call for a broader approach because p-values are commonly misused and misinterpreted (Wasserstein & Lazar,
2016). The validity of scientific conclusions, including their
reproducibility, depends on more than statistical methods.
Nevertheless, as p-values are widely used and easily recognized in papers, we decided, though aware of these objections, to use them.

Future Research Agenda
First, we can conclude that the research on the whole range
of 21st-century digital skills requires a thorough investigation to define policies for the development of these important
skills; in particular, studies that focus on determinants of creativity, critical thinking, collaboration, and communication
are underreported. To do so, it would be interesting to look at
the 21st-century skills research because here, except for
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communication skills, determinants are more frequently
measured. Moreover, identifying the relevant factors influencing the differences in digital skills can be considered the
background knowledge for explaining these differences. To
understand these differences, it is necessary to build an
explanatory model. Such a model needs to be parsimoniousness, which requires not only identifying but also selecting
relevant aspects based on theoretical insights that contribute
to the consistency of the model and to the specification of the
relationships between these aspects.
Furthermore, although concerns about the lack of performance tests are increasingly addressed for technical, information, and problem-solving skills, surveys are still the most
commonly employed method. Although self-report questionnaires have advantages such as the ability to present a large
number of questions on a wide range of skills in a short
period of time, the method has problems of validity (Hargittai,
2005). Many of the existing studies gather data based on
people’s own perceptions or estimations of their skills. It is
likely that people overrate their own skill levels because they
link the concept of 21st-century digital skills to basic technical skills instead of the content-related skills (Talja, 2005).
To gain insight into an individual’s actual skill level, there is
a strong need for a performance-based measurement for each
type of skill.
Although numerous studies have been conducted to identify determinants, the main emphasis is on positional determinants, which an individual cannot manage. Future research
could focus on determinants that can be influenced by the
users of the technologies themselves as well as policy makers, educators, and managers in organizations. The research
concerning material, temporal, mental/motivational, social,
and cultural determinants might identify factors that can be
altered. A stronger focus on these determinants in future
investigations might help define better focused policies on
how to improve individuals’ skill levels. A variety of studies
have highlighted the importance of participation in guided
ICT training and informal social networks (e.g., Brandtweiner
et al., 2010; Helsper & Eynon, 2013). In addition, it could be
important to look into the qualitative aspects of support and
training. Future research could measure a person’s satisfaction level after asking for help and the reasons for not attending ICT training.
Finally, future research could focus on the consequences
of the differences in people’s skill levels. Several scholars
have argued that digital divides should be approached more
comprehensively, in which not only internet access, skills,
and use are addressed but also the consequences of internet
skills (e.g., Fuchs, 2009; Scheerder et al., 2017; Selwyn,
2004). In the labor market context, it would be interesting to
know to what extent skills contribute to the quality of work
performance, higher incomes, and chances of employment.
In addition, skills are also assumed to be important for its
contribution to people’s emancipation, empowerment, and
self-fulfillment (Punie, 2007).
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