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Abstract 
The digital gender divide is one of the most critical issues in education today. Digi-
tal gender gaps can exist in students’ access to and use of ICT, attitudes toward tech-
nology, and digital knowledge and skills. However, previous research has primar-
ily examined these divides in isolation and largely ignored their interdependencies. 
Using student data from the 2013 and 2018 International Computer and Information 
Literacy Study (ICILS), this study examines how these gaps are related. Specifically, 
we synthesize evidence on gender gaps in digital knowledge and skills, controlling 
for differences in ICT access and technology attitudes. In addition, we examine the 
role that technology attitudes play in the gender gap in digital knowledge and skills. 
Our findings suggest that (a) girls outperform boys in digital knowledge and skills 
( β = -0.11 to -0.29); (b) gender differences in attitudes toward technology partially 
explain gender differences in digital knowledge and skills; (c) the variability within 
and between countries in the gender gap in students’ digital skills is partly explained 
by the type of digital skill and the country’s socio-economic development and gen-
der inequality. Overall, this research shows a relationship between the gender gaps 
in students’ digital knowledge and skills and the gender gaps in students’ attitudes 
toward technology. We conclude that the first- and second-level gender digital 
divides are connected.

Keywords  Gender differences · Digital divides · Digital literacy · Attitudes toward 
technology · Integrative Data Analysis

Students’ access, attitudes, knowledge, and skills are critical for 21st-century edu-
cation. Critical reviews and meta-analyses on the use of ICT in education suggest 
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that ICT facilitates students’ access to digital information, supports self-directed and 
student-centered learning, promotes collaborative learning, and has positive effects 
on student outcomes (Fu, 2013; Jeong & Hmelo-Silver, 2016; Kim et  al., 2018; 
Vogel et al., 2017; Wang, 2020). To a large extent, employment, social, economic, 
and political participation in contemporary societies also depend on using informa-
tion and communication technologies (OECD, 2018; Siddiq et al., 2016). Thus, dis-
parities in opportunities to access ICT resources and develop digital skills can nega-
tively impact students’ learning and amplify social inequalities.

Prior studies have identified disparities in digital access and usage among students 
of different genders, known as digital gender divides (Cai et al., 2017; Cooper, 2006; 
OECD, 2018; Scheerder et  al., 2017; Siddiq & Scherer, 2019; van Deursen & van 
Dijk, 2014). These divides have three core dimensions: differences in (a) the access to 
ICT resources; (b) the attitudes toward technology and digital knowledge and skills; 
and (c) the usage of ICT and tangible outcomes (Van Dijk, 2020). Despite research 
that analyzes these gaps separately (Cai et al., 2017; Scheerder et al., 2017; Siddiq & 
Scherer, 2019), the relations between the various digital divides are still unclear. Van 
Dijk (2020) argues that knowledge about these relations is crucial to understanding the 
mechanisms or possible causes of digital gender divides. However, empirical evidence 
that connects the different gender divides is scarce for student populations (Tyers-
Chowdhury & Binder, 2021), especially for drawing inferences across countries, over 
time, and for performance-based rather than self-reported measures of digital skills.

The present study aims to close these research gaps by investigating the relations 
between digital gender divides in students’ ICT access, attitudes toward technology, 
and digital knowledge and skills and by examining the development of these rela-
tions across countries and over time. Using large-scale international assessment data 
from the International Computer and Information Literacy Study (ICILS) 2013 and 
2018, we synthesize information about gender differences in digital knowledge and 
skills after controlling for ICT access and attitudes toward technology and investi-
gate the mediating role of students’ attitudes toward technology. Overall, we aim to 
contribute to the digital divide research by (a) providing large-scale evidence on the 
extent, direction, and connection of digital gender divides; and (b) identifying areas 
for action in the formulation of educational policies that help to bridge the digital 
gender divides.

1 � Digital knowledge and skills

Various terms and concepts are used to describe students’ knowledge and skills in 
using ICT (Ferrari, 2012; Hatlevik & Christophersen, 2013; Siddiq et  al., 2016). 
The most commonly used concepts in national and international frameworks and 
educational research describe this knowledge and these skills as digital competence 
(Ferrari & Punnie, 2013), Internet skills (van Deursen & van Diepen, 2013), com-
puter and information literacy (Fraillon et al., 2013a), or ICT competence (Aesaert 
& van Braak, 2015). Although these terms refer to different sets of ICT-related 
skills, in most cases, they are used interchangeably (Aesaert & van Braak, 2018) and 
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emphasize learners’ ability to safely and responsibly gather, understand, produce, 
and communicate digital information (Gallardo-Echenique et al., 2015; Siddiq et al., 
2016; Zhao et al., 2021).

Reflective, evaluative, and critical approaches to computers, the Internet, and 
digital information are central to current conceptualizations of digital knowledge 
and skills (Hatlevik et  al., 2018). As such, descriptions of digital literacy include 
fundamental abilities for participation in life, work, and education, such as prob-
lem-solving, information processing, creativity, innovation, critical thinking, digital 
citizenship, communication, collaboration, and technology operations and concepts 
(Aesaert et al., 2014; Ferrari & Punnie, 2013; Voogt & Roblin, 2012). Thus, the def-
inition and construct of digital literacy are derived from the literature on the broader 
set of 21st-century skills, focusing on one of its dimensions (van Laar et al., 2017). 
In this sense, digital literacy is a collection of multiple forms of literacy rather than a 
single, independent literacy.

According to Fraillon et al., (2019a, 2019b), computer and information literacy 
enables digital literacy and represents aspects of broader 21st-century skills. This 
study focuses on the functional aspects of digital literacy that support the use of dig-
ital devices and the problem-solving and algorithmic thinking aspects of computer 
literacy (see Fraillon et al., 2013a, 2013b, 2019a, 2019b). Moreover, we differentiate 
digital knowledge and skills from attitudes toward technology, as they refer to dif-
ferent yet related concepts. Digital knowledge and skills refer to what learners can 
do with ICT (Hatlevik & Christophersen, 2013), while attitudes toward technology 
refer to learners’ global evaluation—cognitive, emotional, social, and behavioral— 
of ICT technologies (Cai et al., 2017).

2 � Digital gender divides

Gender differences in ICT access, attitudes toward technology, knowledge and skills, 
and use and participation are often called “digital gender divides” (Van Dijk, 2020). 
In general, digital divides can be categorized into three different levels. The first 
level refers to disparities in access to ICT resources and attitudes toward technology. 
The second level describes gender gaps in ICT usage, knowledge, and skills. Finally, 
the third level refers to gaps in outcomes of ICT use, such as learning or educational 
achievement. These divides are linked to cultural, social, and economic inequalities 
in education (Goudeau et al., 2021), and they may reinforce and amplify other soci-
etal inequalities (van Deursen et al., 2021).

The extant body of research has documented mainly first- and second-level gen-
der digital divides. For instance, in the PISA study, the OECD mapped the unequal 
distribution of the material resources that enable students’ physical access to ICT 
(OECD, 2015). Regarding the attitudes dimension, several research syntheses and 
meta-analyses found a gender gap in students’ attitudes toward technology (Cai et al., 
2017; Vekiri & Chronaki, 2008). Finally, gender differences in digital knowledge and 
skills have also been documented (Gebhardt et al., 2019a; Siddiq & Scherer, 2019). 
While many empirical studies exist, the directions of the gender divide vary consider-
ably. For example, research on the gender differences in attitudes toward technology 
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reported effect sizes in favor of boys in self-efficacy ( g = + 0.18) and positive attitudes 
( g = + 0.27) (Cai et al., 2017), while research on digital knowledge and skills reported 
effect sizes in favor of girls ( g = + 0.12) (Siddiq & Scherer, 2019). As Scherer and 
Siddiq (2019) noted, examining different digital divides in isolation—that is, focus-
ing on one level without considering the other—may be an explanation for this vari-
ation. Van Dijk (2020) also encouraged researchers to study digital divides jointly 
rather than separately. However, in their recent review of digital divides, Lythreatis 
et al. (2022) found that researchers have focused on specific aspects rather than exam-
ining how these dimensions interact to affect students’ digital knowledge and skills. To 
our knowledge, there is indeed limited information on the links between the different 
levels of the digital gender divide and their interactions. This information is needed to 
understand possible mechanisms driving the digital gender divide.

2.1 � Gender and ICT access

The first-level digital gender divide highlights different opportunities for boys and 
girls to access ICT and technology resources. A systematic review showed that 
boys are more likely than girls to have access to a computer at home from their 
primary school years onwards (Samuelsson & Olsson, 2014). This pattern persisted 
in secondary schools across educational systems (OECD, 2015). More recent evi-
dence, however, suggested that the first-level digital gender divide has begun to 
close (OECD, 2018). Despite this closing divide, tracking remaining differences 
is essential for organizing the necessary school resources, for supporting children 
with school-related activities and tasks at home, and for facilitating schools’ role in 
compensating for potential lack of access to ICT resources at home (e.g., González-
Betancor et al., 2021). Such out-of-school computer activities and experiences can 
foster students’ computer use (Becker, 2007), attitudes toward technology (Meelis-
sen & Drent, 2008), and digital skills (Claro et al., 2012).

The first-level gender digital divide also presents notable regional differences. 
For instance, in 2017, the average percentage of households with computer access at 
home was 51% in the Latin American and Caribbean regions and 81% in the Euro-
pean region (OECD, 2022). It is also estimated that 60% of young people in Africa 
are not connected to the Internet, compared to 4% in Europe (UNICEF, 2017). 
According to Pick and Nishida (2015), the mechanisms affecting technology availa-
bility differ between developed and developing regions. Thus, it is crucial to uncover 
how the first-level gender digital divide varies across regions.

2.2 � Gender and attitudes toward technology

A second aspect of the first-level gender digital divide is attitudes toward technology. 
Attitudes have been conceptualized in many ways. For example, Ajzen and Fishbein 
(1977) considered them as an “evaluation of [an] […] entity in question” which rep-
resents “some aspect[s] of the individual’s world, such as another person, a physical 
object, a behavior, or a policy” (p. 889). In the context of ICT, Zhang et al. (2008) 
identified two fundamental entities: behaviors and objects. While behavior-oriented 
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attitudes toward technology are based on a person’s evaluation of the performance of 
a specific action (e.g., using ICT for schoolwork or leisure), object-oriented attitudes 
toward technology are based on a person’s favorable or unfavorable evaluation of 
ICT objects (e.g., specific software or applications; see also Scherer et al. (2018) and 
Tate et  al. (2015). These attitudes are multidimensional and include affect, belief, 
and self-efficacy (Cai et al., 2017; Kemp et al., 2019; Whitley, 1997). Research syn-
theses on the relation between gender and attitudes toward technology suggested 
that boys hold more positive attitudes toward technology than girls. However, the 
sizes of this gap vary across the attitudinal dimensions and geographical regions 
(Cai et al., 2017; Whitley, 1997). For example, girls in South American regions tend 
to exhibit higher self-efficacy and the same positive beliefs than boys (Gebhardt 
et  al., 2019b; Hatlevik et  al., 2018), while boys in North America tend to exhibit 
higher self-efficacy ( g = 0.34) and positive beliefs ( g = 0.43) than girls (Cai et al., 
2017). Understanding the gender gaps in affect, belief, and self-efficacy dimensions 
and how they vary across geographical regions is important to achieve gender digital 
equity.

The affective dimension encompasses emotions, moods, and feelings when per-
forming technology-related tasks (Cai et al., 2017). Previous research on gender dif-
ferences among adults in the affect dimension suggested that girls have higher com-
puter anxiety than boys (Broos, 2005; Durndell & Haag, 2002). In addition, boys 
seem to show more interest in and enjoy technology-related tasks than girls (Colley 
& Comber, 2003). Students’ anxiety, interest, enjoyment, fear, and liking of tech-
nology are critical predictors of digital skills (Fraillon et al., 2015; Gebhardt et al., 
2019c), and they emerge through processes by which children are socialized into 
gender roles in their cultures (Wigfield & Eccles, 2000). Borokhovski et al., (2018) 
found that girls in non-commonwealth countries have a lower interest in ICT than 
boys ( g = 0.15); however, girls in the USA have a higher interest in ICT than boys 
( g = -0.12). Further research is needed to understand how social, cultural, and eco-
nomic contexts are related to gender differences in students’ affect and their relation-
ship to digital knowledge and skills.

The second dimension represents students’ technology beliefs. It includes, among 
others, technology acceptance and satisfaction, positive and negative views on tech-
nology, and perceptions of the effects of technology on society (Cai et  al., 2017; 
Kemp et  al., 2019). The International Computer and Information Literacy Study 
(ICILS) and the Programme for International Student Assessment (PISA) reported 
that boys have more positive attitudes towards ICT than girls (Fraillon et al., 2014; 
OECD, 2011). Gender differences in students’ beliefs about technology are essential 
contributors to students’ achievement in mathematics, reading, and science (Petko 
et  al., 2017). However, there is limited evidence on the interplay between gender, 
students’ beliefs about technology, and their digital skills.

Finally, self-efficacy refers to students’ beliefs in their capabilities to learn and 
use technology effectively (Bandura et al., 1999; Hatlevik et al., 2018). Students who 
underestimate their abilities can easily be discouraged when something goes wrong. 
At the same time, those who believe in their capabilities may persist, even when the 
desired result is not achieved (Broos & Roe, 2006). Gender differences in students’ 
self-efficacy are essential, as previous research found a positive relationship between 
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self-efficacy and digital skills in secondary school students (Rohatgi et  al., 2016). 
Meta-analyses on gender differences in students’ self-efficacy suggested that boys 
exhibit higher self-efficacy beliefs than girls ( g = 0.18; Cai et al., 2017). However, 
the magnitude of the differences varied across geographical regions ( g = -0.01 to 
0.34). Potential factors explaining variation in the magnitude of gender gaps in self-
efficacy between regions were not explored. Therefore, it remains unclear whether 
cultural, economic, and social factors are associated with the magnitude of gender 
self-efficacy gaps between regions and their connection to students’ digital skills.

2.3 � Gender and digital skills

The second level of the digital divide focuses primarily on inequalities in digital 
knowledge and skills. Several studies have reported gender gaps in digital skills. For 
instance, Gnambs (2021) used longitudinal data from a sample of 15-year-old stu-
dents to investigate the effects of gender on ICT literacy and its evolution over time. 
Though no significant gender differences were found at the beginning of the study 
( d = -0.03), boys had a higher ICT literacy than girls after three years ( d = -0.15; 
Gnambs, 2021). Kaarakainen et  al.’s (2018) study corroborated this finding in an 
earlier study of ICT skills in upper-secondary school students from Finland. While 
these studies seemed to substantiate the general direction of gender difference, sev-
eral other studies found the opposite. For instance, Aesaert and van Braak (2015) 
reported that primary-school girls in Belgium outperformed boys in a test of ICT 
skills ( d = 0.37). Moreover, Kim et al. (2014) found that girls had higher scores than 
boys in the average and lower levels of a Korean national ICT literacy test. A recent 
meta-analysis of the second-level gender digital divide suggested that girls outper-
form boys in performance-based assessments of digital skills in K-12 education ( g = 
0.12; Siddiq & Scherer, 2019). Gender differences tended to vary across geographi-
cal regions and sample ages. The magnitude of the differences was larger in Ameri-
can ( g = 0.18) than in Asian ( g = 0.14), European ( g = 0.11), and Australian ( g = 
0.09) countries, although regional differences were not statistically significant. Task 
mode and types of skills assessed were not associated with variation in the magni-
tude of the gender gaps. However, Kaarakainen et al. (2017) found that boys scored 
significantly higher than girls on more technical-oriented items, while girls outper-
formed boys on schoolwork-oriented and social interaction-related items. An exami-
nation of ICILS 2013 items supported the findings (Gebhardt et al., 2019a; Punter 
et al., 2017). Hence, further information is necessary to understand whether types of 
digital skills may explain variation in the second-level gender divide in digital skills.

2.4 � The present study

The extant literature exhibits significant variation in the first- and second-level 
gender digital divides. Sample age, geographical region, type of attitudes toward 
technology, and type of digital skill are related to variations in the magnitude of 
the gender digital divides. A rich body of research indicated gender differences in 
favor of boys in access to physical ICT resources and attitudes toward technology, 
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yet differences in favor of girls in digital skills. We noted that research on the dif-
ferent levels of the digital gender divide has been conducted in isolation, so it is 
unclear how the first- and second-level gender digital divides relate to each other. 
Further research is needed to understand whether gender differences in digital 
skills are consistent across domains, over time, and between geographical regions 
after controlling for access to ICT resources.

The present study addresses these gaps by employing an integrative data analy-
sis (IDA) approach using individual participant data (IPD) from the 2013 and 
2018 International Computer and Information Literacy Study (ICILS). IDA has 
several advantages, such as the possibility to control for individual variation, 
including individual-level covariates and confounders, and the model-based gen-
eration of effect sizes (e.g., see Campos et al., 2023; Curran & Hussong, 2009; 
Riley et al., 2010). These benefits are crucial to the present study, as the gender 
digital divide is not only a societal phenomenon but is largely based on individual 
differences in students’ opportunities to use, access, and own digital technology 
at home and school (Van Dijk, 2020). Furthermore, as we aim to describe digital 
gender differences in students’ attitudes and skills after controlling for other pos-
sible differences, we needed to generate effect sizes from the raw data using the 
same analytical model across primary studies (Campos et al., 2023).

In the present study, we synthesize the evidence on the gender differences in 
digital skills after controlling for ICT access and attitudes toward technology. 
Moreover, we examine the mediating role of students’ attitudes toward technol-
ogy (see Fig. 1). In this study, we address the following research questions:

1.	 To what extent are gender differences in digital skills mediated by attitudes toward 
technology?

2.	 To what extent do the direct and indirect effects of gender on digital skills via 
attitudes toward technology vary across primary studies, countries, and types of 
attitudes toward technology?

3.	 To what extent do study, country, and measurement characteristics explain this 
heterogeneity?

Fig. 1   Effect size generating 
model of the direct and indirect 
effects of gender on digital skills 
via ICT attitudes
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3 � Method

3.1 � Search for IPD

The data search for this integrative data analysis was conducted following a two-
step procedure. First, we conducted a computerized database search in the databases 
ERIC and PsycINFO using the following search terms: (International large-scale 
assessment) AND (gender OR sex) AND (attitudes OR attitudes toward technology 
OR Affect OR belief* OR self-efficacy) AND (Internet skills OR digital skills OR 
online skills OR digital competence OR digital literacy OR Information literacy). 
Second, we manually searched the international data repositories of the OECD and 
the IEA (ILSA-Gateway, OECD, and IEA).

3.2 � Eligibility criteria

The selection criteria that guided the inclusion of IPD in our integrative data analy-
ses were as follows: the IPD (a) was based on K-12 student populations; (b) con-
tained information on gender; (c) included at least one measure of attitudes toward 
ICT; (d) contained a performance-based measure of digital competence; (e) con-
tained a measure of students’ ICT access (f) included representative and random 
student samples; and (g) comprised samples of students from different countries. 
A total of 165 studies were identified and screened for inclusion in the review, with 
two studies meeting the inclusion criteria and being included in the final analysis 
(see Supplementary material S0).

3.3 � Included IPD

We used student data from the International Computer and Information Literacy 
Study (ICILS) (Fraillon et  al., 2014, 2020b). ICILS is a large-scale international 
assessment conducted every five years, with the first cycle in 2013 and the second 
in 2018. The assessment aims to provide international information about eighth-
grade students’ digital skills—computer and information literacy and computational 
thinking—. ICILS data can shed light on the relationships between digital literacy, 
student characteristics, and school contexts within and between countries (Fraillon 
et al., 2014, 2020b).

ICILS followed a stratified two-stage cluster sample design to achieve representa-
tive probability samples of students in grade eight (Fraillon et  al., 2013b). In the 
first stage, schools are randomly selected with probabilities proportional to size, as 
measured by the number of students enrolled. In the second stage, twenty students 
are randomly sampled from all students enrolled in the target grade in each sampled 
school. The effective sample size of this study consisted of 32 countries and 105,981 
students, with 52,096 (49.2%) girls and 53,885 (50.8%) boys (see Table  1). No 
countries or students were excluded from the final analyses, as we were interested 
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in quantifying the heterogeneity in the digital gender divide across educational sys-
tems. Supplementary Material S1 contains additional information about country-
specific sample sizes.

3.4 � Measures

3.4.1 � Digital skills

ICILS performance assessments covered two outcomes—Computational and Infor-
mation Literacy (CIL) in 2013 and 2018, and Computational Thinking (CT) in 
2018. The CIL construct represents students’ knowledge and skills in understand-
ing computer use, gathering information, producing information, and communicat-
ing digitally (Fraillon et al., 2019b; Fraillon et al., 2013b). Conversely, the CT con-
struct represented students’ abilities to conceptualize problems and operationalize 
computational solutions (Fraillon et al., 2019b). In ICILS 2018, CIL and CT items 
were organized into seven modules randomly assigned to each student. Every stu-
dent completed two test modules for the CIL assessment and two for the CT assess-
ment (Fraillon et al., 2019b). ICILS 2013 did not assess students’ CT, so students 

Table 1   Description of the study samples and available effect sizes

Note. m = Number of independent country samples, k = Number of direct and indirect effect sizes

Characteristics m k Proportion of 
samples

Proportion of 
effect sizes

Assessment cycle
  2013 21 126 60.0% 35.4%
  2018 14 230 40.0% 64.6%

Types of digital skills
  Computer and information literacy 31 266 88.6% 74.7%
  Computational thinking 9 90 25.7% 25.3%
  Attitudes toward technology
    ICT affect
    Interest 21 42 60.0% 11.8%
  ICT belief
    Positive attitudes 14 46 40.0% 12.9%
    Negative attitudes 14 46 40.0% 12.9%
   Future expectations 14 46 40.0% 12.9%
  ICT self-efficacy
    Basic 31 88 88.6% 24.7%
    Advanced 31 88 88.6% 24.7%

World region
  Asia and the Pacific 4 48 12.9% 13.5%
  Europe and North America 24 276 77.4% 77.5%
  Latin America and the Caribbean 3 32 9.7% 9.0%
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only completed two CIL modules (Fraillon et al., 2013a). One-parameter and partial 
credit IRT models were used to scale the test items. Students’ CIL and CT scores 
were generated with a mean of 500 and a standard deviation of 100 (see Fraillon 
et al., 2020a; Fraillon et al., 2013a). In the present study, we used the plausible val-
ues provided by the study designers for CIL and CT as the observed estimates of 
students’ digital skills.

3.4.2 � Attitudes toward technology

The ICILS student questionnaires contained scales assessing students’ affect, belief, 
and self-efficacy as parts of their attitudes toward technology. The Affect dimension 
was measured in ICILS 2013 but was not administered in ICILS 2018. The scale 
aimed to capture students’ interest and enjoyment in using computers and comput-
ing (see Supplementary Material S1.0.1). This scale included Likert-type items in 
which students indicated their agreement with seven statements using four response 
categories (0 = strongly disagree, 1 = disagree, 2 = agree, 3 = strongly agree). Cron-
bach’s alpha average reliability estimate was 0.81 across national samples (Fraillon 
et  al., 2013b). We used students’ item responses to create the latent variable ICT 
affect.

ICILS 2018 included measures of ICT beliefs, a construct not assessed in ICILS 
2013. Students’ responses to three scales captured their perceptions of the positive 
(4 items) and negative (4 items) views of ICT for society, and expectations of future 
use of ICT (3 items) for work and study (see Supplementary Material S1.0.2). These 
scales were based on the same response scale as the ICILS 2013 affect dimension. 
We used students’ item responses to create the latent variables Positive Attitudes, 
Negative Attitudes, and Future Expectations, respectively. On average and across 
national samples, internal consistencies (Cronbach’s alpha) were 0.75 for positive 
attitudes, 0.66 for negative attitudes, and 0.80 for future expectations (Fraillon et al., 
2020a).

Finally, ICILS 2013 and ICILS 2018 measured ICT self-efficacy via two scales, 
basic and advanced self-efficacy in ICT (see Supplementary Material S1.0.3). Stu-
dents indicated how well they could do a series of tasks when using ICT on a three-
point scale (1 = I know how to do this, 2 = I could work out how to do this, 3 = I do 
not think I can do this). We used students’ item responses as indicators of the latent 
variables ICT self-efficacy basic and ICT self-efficacy advanced. Cronbach’s alpha 
reliability estimates for the ICT self-efficacy basic and advanced scales were 0.76 
and 0.80 in ICILS 2013 (Fraillon et al., 2013b), and 0.83 and 0.74 in ICILS 2018, 
respectively (Fraillon et al., 2020a).

3.4.3 � Background variables

The student questionnaire collected information about students’ gender and the 
availability of ICT resources at home. Students’ gender was recoded as 0 (girls) and 
1 (boys). Students’ responses on the number of desktop computers (0, 1, 2, three or 
more), number of laptops, tablets, or digital readers (0, 1, 2, three or more), and the 
availability of an Internet connection at home (0 = No, 1 = Yes) were used to create 
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an ICT availability index. This index was a composite sum score of all ICT avail-
ability items and represents students’ ICT access at home.

3.4.4 � Socio‑economic development

The Human Development Index (HDI) from the United Nations Development 
Program indicates a country’s socio-economic development (UNDP, 2022). The 
HDI combines information about health, education, and living standards, and 
the respective scores are aggregated into a composite index using a geometric 
mean. High HDI scores indicate a high socio-economic development, while low 
HDI scores indicate low socio-economic development. For this study, we used 
the HDIs from 2013 and 2018 [https://​hdr.​undp.​org/​data-​center], the years of the 
ICILS assessment.

3.4.5 � Gender inequality

The gender inequality index (GII) from the World Health Organization Coun-
try indicates a country’s gender inequality (UNDP, 2022). The GII is a com-
posite measure of inequality between women and men in three dimensions: 
reproductive health, empowerment, and the labor market. The GII varies 
between 0 and 1, and values close to 0 indicate high levels of gender equality, 
while values close to 1 reflect high country gender inequality. In the present 
study, we used the GIIs from 2013 and 2018 [https://​hdr.​undp.​org/​data-​center/​
compo​site-​indic​es].

3.4.6 � Country innovation

The Global Innovation Index developed by the World Intellectual Property 
Organization (WIPO) indicates a country’s innovation potential (Dutta & 
Lanvin, 2013; Dutta et  al., 2018). Economies worldwide are scored on seven 
inputs (i.e., institutions, human and capital research, infrastructure, market 
sophistication, and business sophistication) and two outputs (i.e., knowledge 
and technology output and creative output). We used the global innovation 
indices from 2013 and 2018 [https://​www.​globa​linno​vatio​nindex.​org/​analy​sis-​
indic​ator].

3.4.7 � Gender gaps in ICT use

The ICT use index created by the International indicated gender gaps in ICT use in 
a country (ITU, 2014, 2020). Fifteen-year-old and older women and men were asked 
if they had Internet access for personal use in a typical week and if they had fixed 
(wired) and wireless broadband subscriptions. Gender differences in use percentage 
formed the indicator of ICT use country gender gaps. A positive coefficient indicates 
that the ICT use gender gaps are in favor of men, and a negative coefficient indicates 

https://hdr.undp.org/data-center
https://hdr.undp.org/data-center/composite-indices
https://hdr.undp.org/data-center/composite-indices
https://www.globalinnovationindex.org/analysis-indicator
https://www.globalinnovationindex.org/analysis-indicator
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that the ICT use gender gaps are in favor of women, respectively. We utilized the 
indices from 2013 and 2018 [https://​www.​itu.​int/​en/​ITU-D/​Stati​stics/​Pages/​stat/​
defau​lt.​aspx].

3.4.8 � World region

Participating countries in ICILS 2013 and 2018 were geographically classified using 
the UNESCO classification of world regions. The UNESCO classification includes 
five regions: Africa, Arab States, Asia and the Pacific, Europe and North America, 
and Latin America and the Caribbean (UNESCO, 2021). The classification helps to 
understand the regional patterns that may arise due to geographical, cultural, and 
economic factors.

3.5 � Data analysis

We adopted a two-stage integrative data analysis approach to synthesize the student 
data from ICILS 2013 and 2018. This approach generates the effect sizes of interest 
from each country independently using the same analysis protocol and then com-
bines the resultant effect size estimates using random-effects meta-analytic models 
(Campos et al., 2023; Scherer et al., 2021).

3.5.1 � Stage 1: effect size generation

In this stage, we estimated the direct and indirect effects of attitudes toward ICT 
on digital skills by implementing our effect size-generating model (see Fig. 1) via 
multigroup structural equation models (SEMs) with complex sampling survey char-
acteristics. First, we imputed missing data via a two-level predictive mean matching 
and a passive imputation approach using the R package mice (Buuren & Groothuis-
Oudshoorn, 2011). The multiple imputation procedure was conducted in each coun-
try independently and based on the information available on students’ backgrounds, 
ICT use, and attitudes toward technology. The passive imputation technique first 
imputed the ICT availability items and then derived the ICT availability index 
(Desai et al., 2016). We generated 20 complete data sets for each plausible value, 
yielding 100 complete data sets for each ICILS cycle. Subsequent analyses were 
performed using all 100 imputations, and the resulting model parameters were com-
bined using Rubin’s (1987) rules.

Second, we examined the gender differences in digital skills both directly and 
indirectly via attitudes toward technology, controlling for the availability of ICT at 
home (see Fig. 1). We specified separate multigroup SEMs for each attitude dimen-
sion (i.e., affect, beliefs, and self-efficacy) and digital skill (computational and 
information literacy and computational thinking). The models accounted for the 
hierarchical and complex survey structure of ICILS data, incorporating sampling 
weights, jackknife/balance repeated replication procedures, and plausible values. To 
construct measures of attitudes toward ICT that satisfied approximate measurement 

https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx
https://www.itu.int/en/ITU-D/Statistics/Pages/stat/default.aspx


667

1 3

Education and Information Technologies (2024) 29:655–693	

invariance across countries, we performed the alignment optimization method 
within the SEMs. This method estimates a set of measurement model parameters 
with minimal differences between countries and ensures a maximal level of compa-
rability across countries (Asparouhov & Muthén, 2014). Measurement invariance is 
needed to establish the validity of cross-country comparisons of structural relations 
among constructs (Millsap, 2011). From this model, we derived partially standard-
ized parameter estimates of the direct and indirect effects of the attitudes toward 
technology dimensions on digital skills. The statistical software Mplus 8.8 (Muthén 
& Muthén, 1998–2022) via the R package MplusAutomation (Hallquist & Wiley, 
2018) was used to perform stage one analysis.

3.5.2 � Stage 2: synthesis of effect sizes

In the second stage, we submitted the model-based effect sizes and their sampling vari-
ances to random- and mixed-effects meta-analysis to obtain the average direct ( c′ps ) 
and indirect effects ( abps ) and to explore their heterogeneity. Given that each country 
sample provided at least two effect sizes per ICILS cycle, and some countries partici-
pated in multiple ICILS cycles, we considered the nature of the meta-analytic dataset 
to be both hierarchical and correlational (Pustejovsky & Tipton, 2022). Three baseline 
models were tested to examine heterogeneity across countries and effect sizes. Model 1 
represented a multivariate random-effects model that modeled the within-country cor-
relation of the direct and indirect effect sizes (Cheung, 2013). Model 2 represented a 
multilevel multivariate random-effects model that modeled the average effect size for 
the direct and indirect effects, their variance at the effect size level, and a single random 
effect at the country level (Pustejovsky & Tipton, 2022). Finally, Model 3 specified 
a full multilevel and full multivariate random-effects model that modeled the average 
effect size for the direct and indirect effect and their variance and correlation at the 
different levels of the nesting structure (McShane & Böckenholt, 2022). To compare 
the sensitivity of our results to the choices made in our baseline model, we compared 
several competing models. Cluster-robust standard errors and confidence intervals for 
each model were obtained using robust variance estimation procedures (Tanner-Smith 
& Tipton, 2014).

Finally, we investigated whether heterogeneity in the direct and indirect effects can 
be accounted for by country-level variables, that is, socio-economic development, 
gender inequality, country innovation, Gender gaps in ICT use, and world region, by 
extending the random-effects model to a mixed-effects meta-regression model. We 
used the R package metafor for the stage-2 analyses (Viechtbauer, 2010).

3.6 � Data availability

This study was pre-registered in the Open Science Framework (OSF) at https://​osf.​io/​
z9uba. To fully replicate the findings of the present study, we provide the datasets ana-
lyzed, the analytic code, and the respective output in the OSF at https://​osf.​io/​6um4t/?​
view_​only=​1ff8b​a652c​c646d​1b909​30b2a​8fbee​57.

https://osf.io/z9uba
https://osf.io/z9uba
https://osf.io/6um4t/?view_only=1ff8ba652cc646d1b90930b2a8fbee57
https://osf.io/6um4t/?view_only=1ff8ba652cc646d1b90930b2a8fbee57
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4 � Results

4.1 � Data description

The MG-ASEMs showed acceptable fit and supported approximate measurement 
invariance across countries (see Appendix Table 3). From these models, we derived 
the partially standardized parameter estimates of the direct and indirect effects for 
each participating country (see Fig. 1). The direct effect represented the estimated 
differences in digital skills between boys and girls, controlling for ICT access at 
home, attitudes toward technology, and possible gender differences within them; 
respectively, the indirect effect captured the mediating effect of students’ attitudes 
toward technology.

The meta-analytic sample contained information from 31 countries, two ICILS 
assessments, and 356 direct and indirect effect sizes. Most effect sizes were based 
on measures of computer and information literacy (74.7%) and the ICT self-efficacy 
attitude dimension (49.4%). Additionally, 77.5% of the effect sizes were from Euro-
pean and North American samples, 13.5% from Asia and the Pacific, and 9% from 
Latin America and the Caribbean. Supplementary Material S1 contains the descrip-
tive statistics of the student’s scores on the scales measuring digital skills and atti-
tudes toward technology. Table  1 describes the distribution of these effect sizes 
by study and sample characteristics. The complete meta-analytic data set can be 
accessed at https://​osf.​io/​6um4t/?​view_​only=​1ff8b​a652c​c646d​1b909​30b2a​8fbee​57.

4.2 � Gender gaps in digital skills mediated by attitudes toward technology 
and their heterogeneity

We specified four meta-analytic models with multiple random effects to aggregate 
the direct and indirect effect sizes across primary studies (see Supplementary Mate-
rial S2). The information criteria and likelihood-ratio tests showed that a multivari-
ate random-effects meta-analysis model (Model 1) represented the data for the ICT 
affect dimension. The single multilevel multivariate random-effects model (Model 
2) was the baseline model for negative attitudes, future expectations, and the basic 
self-efficacy attitudes dimensions. Finally, Model 3, the full multilevel multivari-
ate random-effects meta-analysis model, served as the baseline model for the posi-
tive attitudes and self-efficacy advanced dimensions. In the following, we report the 
results from these baseline models for each attitude dimension.

4.2.1 � Gender differences in digital skills via ICT affect

The multivariate random-effects model indicated that the weighted average indirect 
effect was close to zero ( abps = 0.04, 95% CI [0.03, 0.06]), whereas the direct effect 
was moderate ( 

−

c�ps = -0.29, 95% CI [-0.35, -0.23]; see Table 2). Heterogeneity in 
the indirect effects ( �2 = 0.001, 95% CI [0.001, 0.002], I2 = 83.5%) and the direct 
effects ( �2 = 0.016, 95% CI [0.008, 0.034], I2 = 98.7%) was substantial between 

https://osf.io/6um4t/?view_only=1ff8ba652cc646d1b90930b2a8fbee57
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samples. All effect sizes and the results of the multivariate random-effects modeling 
are presented in Fig. 2. These findings showed that girls outperformed boys in digi-
tal skills, even after controlling for ICT access and affect. As the indirect effect of 
gender on digital skills via ICT affect was positive and different from zero, there was 
evidence for at least partial mediation of gender differences.

Subsequent mixed-effect meta-regression models showed that countries’ socio-
economic development explained some between-effect heterogeneity in the indirect 
effect ( � = 0.28, 95% CI [0.05, 0.52], R2 = 23.9%) and direct effect ( � = -1.32, 
95% CI [-2.20, -0.45], R2 = 38.2%; see Appendix Table  4). Hence, for countries 
with higher socio-economic development, indirect effects tended to be larger, and 
direct effects tended to be more negative (i.e., larger gender gaps in favor of girls) 
than for countries with lower socio-economic development. Gender inequality also 
explained some between-effect heterogeneity in the direct effect ( � = 0.80, 95% CI 
[0.18, 1.41], R2 = 36.8%), suggesting that the gender differences may decrease or be 
reversed (i.e., in favor of boys) with increasing gender inequality country scores.

4.2.2 � Gender differences in digital skills via ICT beliefs

The weighted average indirect effect was almost zero across the beliefs sub-dimen-
sions (Positive attitudes: abps = 0.04, 95% CI [0.02, 0.05]; Negative attitudes: abps 
= 0.01, 95% CI [0.00, 0.01]; Future expectations: abps = 0.01, 95% CI [-0.01, 
0.04]). The direct effects were moderate and favored girls (Positive attitudes: 

−

c�ps 
= -0.13, 95% CI [-0.20, -0.07]; Negative attitudes: 

−

c�ps = -0.11, 95% CI [-0.16, 
-0.05]; Future expectations: 

−

c�ps = -0.12, 95% CI [-0.19, -0.04]). Figure 3 displays 
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Fig. 2   Forest Plot of the Direct and Indirect Effects of Gender on Computer and Information Literacy via 
ICT Affect. Note. Effect sizes represent the partially standardized direct and indirect effect of gender on 
digital skills via ICT affect. Participating countries are represented by their ISO-3 letter codes
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the country-specific direct and indirect effects of gender on students’ digital skills 
via ICT belief constructs. Overall, we found evidence for a (partial) mediating role 
of ICT beliefs only for positive attitudes, with consistent direct effects favoring girls 
for all belief subdimensions.

Socio-economic development, gender inequality, country innovation, gender gaps 
in ICT use, and world region did not predict the direct and indirect effects of gender 
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on digital skills via the ICT affect sub-dimensions (see Appendix Table  5). The 
only significant moderator of the between-effect heterogeneity in the direct effects 
was the type of digital skill (CIL vs. CT) with estimated slopes of the direct effects 
were 0.32 (95% CI [0.26, 0.37], R2 = 94.9%) for positive attitudes, 0.27 (95% CI 
[0.19, 0.34], R2 = 65.0%) for negative attitudes, and 0.27 (95% CI [0.19, 0.35], R2 = 
60.8%) for future expectations in favor of CT.

4.2.3 � Gender differences in digital skills via ICT self‑efficacy

The multilevel multivariate random-effects models showed that the mean indirect 
effect was near zero for both self-efficacy sub-dimensions (Basic: abps = -0.05, 
95% CI [-0.07, -0.03]; Advanced: abps = 0.00, 95% CI [-0.02,0.01]), whereas the 
direct effect was moderate and statistically significant (Basic: c′ps = -0.11, 95% CI 
[-0.15, -0.06]; Advanced: c′ps = -0.17, 95% CI [ -0.22, -0.12]; see Table  2). The 
between-effect heterogeneity in the indirect and direct effects was substantial. Fig-
ure 4 shows the direct and indirect effects of gender on students’ digital skills via 
ICT self-efficacy.

Type of digital skills (CIL vs. CT) and assessment cycle (ICILS 2013 vs. 2018) 
moderated the direct effects of gender on digital skills via both self-efficacy dimen-
sions (see Appendix Table 6). Digital skills explained some of the between-effect 
heterogeneity in the self-efficacy basic and advanced models, and assessment cycle 
was related to between-effect heterogeneity in the self-efficacy basic models, and 
with between-effect and between-country heterogeneity in the self-efficacy advanced 
model. Specifically, after accounting for ICT self-efficacy and ICT access, the 
reported gender differences in digital skills favored girls for the CIL skill (Basic: 

−

c�ps 
= -0.17, 95% CI [-0.21, -0.13], R2 = 70.1%; Advanced: 

−

c�ps = -0.22, 95% CI [-0.27, 
-0.18], R2 = 88.0%); however, they favored boys for the CT skill (Basic: 

−

c�ps = 0.31, 
95% CI [0.23, -0.39], R2 = 70.1%; Advanced: 

−

c�ps = 0.35, 95% CI [0.27, 0.42], R2 
= 88.0%). Similarly, gender differences favored girls in the ICILS 2013 assessment 
(Basic: 

−

c�ps = -0.19, 95% CI [-0.23, -0.14], R2 = 19.7%; Advanced: 
−

c�ps = -0.25, 95% 
CI [-0.31, -0.19], R2 = 17.4%//64.7%), yet not in the ICILS 2018 assessment (Basic: 
−

c�ps = 0.14, 95% CI [0.08, 0.21], R2 = 19.7%; Advanced: c′ps = 0.16, 95% CI [0.09, 
0.24], R2 = 17.4%//64.7%). Neither ICT self-efficacy’s direct nor indirect effects on 
digital skills were moderated by countries’ socio-economic and gender inequality 
indicators (see Appendix Table 6).

5 � Discussion

5.1 � Linking digital divides

Calls by researchers to investigate how different gender digital divides relate to each 
other remained largely unanswered (Lythreatis et al., 2022; Van Dijk, 2020). Empiri-
cal evidence linking the first- and second-level of the gender digital divide in the 
school contexts was missing. This study addressed this gap by directly linking digi-
tal gender divides in digital knowledge and skills and attitudes toward technology, 
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after controlling for access to ICT resources. Studying the relations between differ-
ent gender digital divides can help understand how inequalities occur in the digital 
domain and will help those trying to bridge the divide to achieve equal societal ben-
efits from digitalization. The evidence backing the connections between several gen-
der digital divides also suggests that they are complex, intertwined, and may impact 
one another. Hence, we argue that educational policies addressing only one level of 
the gender digital divides may not effectively close other divides.

5.2 � Gender divides in digital skills mediated by attitudes (RQ1)

In the present study, we first set to investigate the extent to which gender dif-
ferences in digital skills are mediated by attitudes toward technology. This 
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Fig. 4   Forest plot direct and indirect effects of gender on digital skills via ICT self-efficacy. Note. Effect 
sizes represent the partially standardized direct and indirect effect of gender on digital skills via ICT self-
efficacy. Participating countries are represented by their ISO-3 letter codes. ∎ = Computer and informa-
tion literacy, ▲ = Computational thinking
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integrative data analysis suggests that attitudes toward technology partially medi-
ate the gender gaps in digital skills. Previous studies found that students with 
higher ICT self-efficacy tended to achieve better results in assessments of digi-
tal skills (Rohatgi et al., 2016; Tømte & Hatlevik, 2011), even after controlling 
for background and contextual characteristics (Hatlevik et al., 2018). This study 
found that girls with equal ICT access to boys performed better in digital skills, 
partly due to differences in ICT self-efficacy in basic computer skills. However, 
we did not find the same association in items assessing students’ ICT self-efficacy 
in advanced computer skills. The ICILS digital literacy assessments included 
only a limited number of advanced ICT tasks that required higher-order think-
ing and problem-solving skills. As a result, the alignment with the measure of 
advanced ICT self-efficacy was low (Rohatgi et  al., 2016). Self-efficacy evalu-
ations should be aligned with performance measures to draw meaningful con-
clusions about their relationships (Bandura, 1997). Thus, further analysis of the 
alignment between ICT self-efficacy measures and other digital skills is neces-
sary to test the transferability of the relationship reported in this study.

The ICT attitudes dimension of affect and beliefs also partially mediated the 
relation between gender and digital skills. Students’ positive attitudes and inter-
est in ICT are determinants of students’ digital skills development (Erdogdu & 
Erdogdu, 2022). However, gender gaps in favor of boys in the dimensions of affect 
and attitudes toward ICT have been reported in the literature (Cai et  al., 2017). 
This integrative data analysis found a gender gap favoring boys in the ICT affect 
and beliefs dimensions. Furthermore, we found that boys with equal ICT access 
than girls performed better in digital skills partly due to differences in interest and 
positive attitudes toward ICT. Prior research on gender differences in digital skills 
showed that girls had a higher performance than boys (Siddiq & Scherer, 2019), 
however, our findings indicate that the magnitude of the gender gaps in digital 
skills seems to reverse once interest and positive attitudes are considered. These 
results confirm the link between the first- and second-level gender digital divide 
and emphasize the need to address gender differences in attitudes toward technol-
ogy to achieve digital equity. Colley and Comber (2003) state that cultural gender 
stereotypes impact attitudes toward technology. Gnambs (2021) suggested that gen-
der differences in digital skills may result from different experiences of boys and 
girls with ICTs, which are influenced by gendered interests. Thus, cultural norms 
and socialization patterns at home and school should be studied to understand how 
girls and boys develop their attitudes and interests towards technology, as well as 
how they use ICT. The second gender digital divide could be addressed by educa-
tional interventions aiming to address gender stereotypical socialization patterns.

Taken together, the results of this research point to the link between the first- 
and second-level gender digital divide. The gender gaps in digital knowledge and 
skills could be partly explained by gender differences in attitudes toward technol-
ogy. This attitude-skills link is by no means unique to the digital domain. Previous 
research indicates that students who express greater interest or enjoyment in subjects 
like science, reading, or mathematics typically perform better on assessments than 
their peers (Gebhardt et al., 2019a). Hence, our study extends the existing body of 
research by providing evidence of this relation in the context of ICT-related skills.
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5.3 � Heterogeneity in digital gender divides (RQ2)

As a second research question, we investigated the extent to which the direct 
and indirect effects of gender on digital skills vary across samples, countries, 
and types of attitudes toward technology. Results from the meta-analysis models 
indicated considerable between-effect, between-sample, and between-country 
heterogeneity in the direct and indirect effects of gender on digital skills across 
all attitudes toward technology dimensions. The results align with previous 
research on the first-level gender digital divide, showing between-country vari-
ation in gender gaps in attitudes toward technology (Borokhovski et al., 2018), 
and contrast findings from previous meta-analyses on the second-level gender 
digital divide by showing that the magnitude of the gender gaps in digital skills 
is related to the countries’ geographical region (Siddiq & Scherer, 2019). Var-
iance in the direct and indirect effects may indicate the presence of different 
mechanisms through which gender digital divides are established across coun-
tries. First, cultural response bias—which refers to the preferences of students 
from different cultural backgrounds when responding to scales about their abili-
ties—could explain the between-country variation of the direct and indirect 
effects of gender on digital skills (Lu & Bolt, 2015). Evidence from interna-
tional large-scale assessments indicates a positive association between students’ 
attitudes and achievement in mathematics, science, and reading (Gebhardt et al., 
2019a). However, countries situated among the top performers in mathemat-
ics and science scored among the lowest on attitudinal measures (Min et  al., 
2016; Van de gaer et  al., 2012). Students from various cultural backgrounds 
may respond to ICT attitude scales differently, which can result in significant 
between-country variation in the relationship between digital abilities and atti-
tudes toward technology. Second, between-country and between-effect hetero-
geneity can be partly attributed to differences in distribution and access to dig-
ital resources. Access to ICTs is a determining factor in developing students’ 
digital competencies (Ferro et al., 2011). However, gaps in ICT access between 
developing and developed countries have been reported in the literature (OECD, 
2022). The disparity in ICT resources between countries and geographical 
regions may significantly explain variation in the gender digital divide. Overall, 
our findings indicate that the digital divide is not uniform across countries and 
samples, providing evidence about the variability of gender gaps in digital skills 
and attitudes toward technology, as reported in previous meta-analyses (Cai 
et al., 2017; Scherer et al., 2021).

5.4 � Moderators of digital gender divides (RQ3)

The final research question addressed in this study was the extent to which 
study, country, and measurement characteristics explain heterogeneity in the 
direct and indirect effects of gender in digital skills via attitudes toward tech-
nology. As noted in the previous section, we found significant variations in the 
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direct and indirect effects of gender on digital skills. This variation was partly 
explained by study, sample, and measurement characteristics. First, the type of 
digital skills moderated the gender digital divide. Specifically, boys performed 
higher in computational thinking and girls in computer and information lit-
eracy. The findings are consistent with previous research indicating that boys 
outperform girls on computer literacy tasks, while girls exhibit higher levels of 
performance on information literacy tasks (Punter et al., 2017). Gender differ-
ences in ICT use may explain the observed gender differences in digital skills. 
According to Lim and Meier (2011), female students in South Korea are like-
lier to use computers for social networking and e-mail communication than 
their male counterparts, while boys are likelier to use computers for gaming. 
Boys also use more digital platforms and services than girls and are more likely 
to use the Internet for learning (Tyers-Chowdhury & Binder, 2021). A posi-
tive association between ICT use and students’ self-reported perceived ability 
in digital skills has been reported in the literature (Hargittai, 2010; Tømte & 
Hatlevik, 2011). However, an analysis of ICILS 2013 data reported no signifi-
cant correlations between ICT use and students’ computer and information lit-
eracy (Gebhardt et  al., 2019a). There is still a need for more comprehensive 
research to explore the relationship between ICT use and performance-based 
assessments of digital skills. Future research should examine whether ICT use 
patterns may explain differences in students’ digital knowledge and skills.

Second, country socio-economic development and country gender inequal-
ity moderated the direct effect of gender on digital skills after controlling for 
ICT affect and ICT availability. A comprehensive understanding of regional 
differences in gender gaps in digital literacy and attitudes toward technology 
was lacking (Cai et  al., 2017; Gebhardt et  al., 2019b). The findings from this 
study suggest that in countries with higher levels of socio-economic develop-
ment, girls tend to obtain higher scores in digital skills than boys after control-
ling for ICT affect and ICT access. However, gender gaps in digital skills could 
be reduced or reversed in countries with higher levels of gender inequality, thus 
favoring boys over girls. The higher performance of girls in digital skills related 
to communication and collaboration and boys in digital skills related to abstract 
and algorithmic thinking may reflect the presence of gender stereotypes in the 
digital domain. Western countries with larger gender gaps tend to socialize boys 
in ways that emphasize the development of autonomy and abstract thinking and 
girls in ways that promote the development of affiliation and consideration for 
others (Butler, 2014). Cooper (2006) found that countries with larger gender 
gaps have stronger social stereotypes linking gender and technology, creating 
an environment where computers are not for girls. Considering that students 
will not receive enough returns from developing counter-stereotypical skills, 
boys and girls are less motivated to spend time and effort developing talents 
that challenge gender norms in the digital domain (Borgonovi & Greiff, 2020). 
Thus, country gender stereotypes may be underlying the gender digital divides 
in knowledge and digital skills.
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The gender digital divides in countries with higher levels of gender inequality 
may also be the product of offline gender inequalities (Andrieu et al., 2019; Antonio 
& Tuffley, 2014; Burns & Gottschalk, 2019; van Deursen et al., 2021). For example, 
in Turkey, only 27% of women use the Internet regularly compared to 46% of men, 
and they are less likely to own a phone than their male counterparts, particularly in 
poor or rural areas (Polat, 2012; Santosham & Lindsey, 2015). Previous research 
indicates that access to education can help bridge the gender gap in internet access 
and usage (Scheerder et  al., 2017). However, 12% of adult women in Turkey are 
illiterate, with women making up 80% of illiterate individuals (Polat, 2012). Fur-
thermore, only 33% of the country’s women have jobs compared to 76% of men, and 
only 10% work in the technology industry (Schwab et al., 2017). The lack of access 
to education, ICT resources, and positive role models may explain why the gender 
digital divides in digital skills tend to reverse in countries with high levels of gender 
inequality.

Educational policies from higher socio-economic development countries 
could help overcome offline inequalities. For example, Norway, Denmark, and 
Finland have developed policies to increase digital inclusion and gender equal-
ity in ICT (Borokhovski et  al., 2018). These policies involve gender-sensitive 
curriculum design, teacher training, or funding for programs that promote 
the inclusion of both genders in non-traditional gender careers, and they pro-
mote inclusive and supportive learning environments, warranty access to ICT 
resources, and encourage girls to participate actively in ICT education (Borok-
hovski et al., 2018). Thus, these policies could be linked to the smaller gender 
gaps in digital skills observed in this study among Scandinavian student popu-
lations. Further research is needed to fully understand how a country’s socio-
economic development and gender inequality may be related to the gender digi-
tal divides and their implications for educational policies and gender equality 
efforts in different regions.

5.5 � Practical implications

Ensuring digital equity requires multiple efforts to bridge the first- and second-gen-
der digital divides. First, providing access to ICT resources is essential to achieve 
gender digital equity. In South Asian and African economies, girls are nearly 23% 
and 13% less likely to own a mobile phone than boys within the same household, 
thus limiting their ability to participate in the digital world (Tyers-Chowdhury & 
Binder, 2021). Ensuring ICT access is central to providing opportunities for chil-
dren to develop positive attitudes toward ICT (Erdogdu & Erdogdu, 2022) and the 
necessary digital skills to thrive in contemporary economies (Hurwitz & Schmitt, 
2020). Countries with developing economies should strengthen their investment in 
ICT infrastructure and provide opportunities for all children to access and interact 
with ICT technologies.

Second, teachers, parents, and peers should support and encourage girls and boys 
to engage in diverse digital environments and help them avoid negative attribution 
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patterns in ICT tasks (Koch et al., 2008). Early experiences and cultural gender ste-
reotypes may influence gender differences in attitudes toward ICT and digital skills. 
Studies have shown that girls tend to prefer collaborative work, while boys show 
greater interest in abstract tasks (Su et  al., 2009). Encouraging girls to engage in 
programming and boys in communication tasks may help bridge the gap in digital 
skills (Gnambs, 2021). Promoting healthy gender roles for boys and girls in homes 
and schools is crucial for tackling the negative gender stereotypes contributing to 
barriers to technology access, positive attitudes toward technology, and digital skills 
development (United Nations Children’s Fund, 2023).

Finally, digital skills should be integrated into formal education programs to 
ensure the digital inclusion of girls and boys (Hatlevik & Christophersen, 2013). 
Teachers and schools must be mindful of gender-based differences in digital skills 
and work towards eliminating any possible barriers. By involving both girls and boys 
in developing technology-based learning experiences, educators can ensure that the 
learning experiences meet their needs and reflect their digital realities, while encour-
aging positive attitudes toward technology (Tyers-Chowdhury & Binder, 2021). 
New technological solutions, such as artificial intelligence and machine learning, 
can be used to create personalized learning experiences that serve students’ diverse 
needs and promote positive attitudes toward technology (Bhutoria, 2022).

5.6 � Limitations and future directions

The present study has some limitations that point to future research directions. First, 
geographic regions were not equally represented in this integrative data analysis. 
The sample of primary studies was limited to 32 independent country samples that 
were retrieved from two ICILS cycles and yielded 356 effect sizes. An estimated 
77.4% of the independent country samples were from Europe and North America, 
with the remaining 12.9% and 9.7% coming from Asia–Pacific, Latin America, 
and the Caribbean. Future ICILS studies should expand the sample of participating 
countries in Africa, Asia–Pacific, Latin America, and the Caribbean to understand 
whether the patterns observed in this study can be generalized across regions.

A second limitation of this study is the representation of different skills in the 
ICILS assessments. Siddiq et al. (2016) found that most digital skill tests focused on 
students’ assessments of digital information search, retrieval, evaluation, and techni-
cal skills, while ICT problem-solving, digital communication, and online collabora-
tion were not equally assessed. In this study, computer and information literacy—a 
construct focused on the ability to use computers to investigate, create, and commu-
nicate (Fraillon et  al., 2019b)—was the key outcome in 88.6% of the effect sizes, 
while 25.7% came from assessments of students’ computational thinking—a construct 
reflecting the ability to use computational formulation for real-world problems and to 
evaluate and develop algorithmic solutions to those problems (Fraillon et al., 2019b). 
Covering content in a more balanced and comprehensive way could help to identify 
the specific areas where digital divides emerge. This could be achieved by extending 
our integrative data analysis to a meta-analysis combining ICILS data with aggregated 
data from published primary studies (Campos et al., 2023).
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6 � Conclusion

Studying the relations between the first- and second-level gender digital divide 
is a promising field for achieving digital gender equity. There was a lack of 
information on how the material, attitudinal, knowledge, and skills dimensions 
of the gender digital divide are related to each other (Lythreatis et  al., 2022; 
Van Dijk, 2020). Our integrative analysis examined how attitudes toward tech-
nology mediated the gender differences in digital skills after accounting for ICT 
access at home. Our findings indicate that students’ attitudes toward technology 
can account for gender differences in digital skills. Moreover, we highlight the 
importance of investigating specific digital skills and attitudes toward technol-
ogy when developing interventions to address the relationship between first- and 
second-level gender digital divides. The variance in the direction and nature of 
the gender digital divides suggests that there is no single solution to bridge the 
gender digital divide that can be applied in all contexts. Girls living in coun-
tries with high gender gaps may benefit from programs encouraging their algo-
rithmic and computational thinking, while boys may gain from developing their 
digital communication abilities. Overall, we provided evidence on the relation-
ship between first- and second-level gender digital divides and outlined future 
research paths that may help to achieve digital gender equity.

Appendix

Please see Tables 3, 4, 5 and 6.

Table 3   Fit Statistics of the multi-group alignment structural equation models

R2 = Average invariance index (Asparouhov & Muthén, 2014)

Student skill (Study and year) Motivational construct RMSEA CFI TLI R2

Computer and information literacy (ICILS 2013) ICT affect 0.079 0.932 0.904 0.54

ICT self-efficacy: basic 0.044 0.975 0.962 0.55

ICT self-efficacy: advanced 0.061 0.949 0.928 0.34

Computer and information literacy (ICILS 2018) ICT beliefs: Positive attitudes 0.055 0.978 0.957 0.58

ICT beliefs: Negative attitudes 0.047 0.961 0.926 0.33

ICT beliefs: Future expectations 0.050 0.992 0.980 0.51

ICT self-efficacy: basic 0.040 0.980 0.973 0.30

ICT self-efficacy: advanced 0.972 0.05 0.947 0.36

Computational thinking (ICILS 2018) ICT beliefs: Positive attitudes 0.055 0.979 0.960 0.64

ICT beliefs: Negative attitudes 0.046 0.965 0.932 0.32

ICT beliefs: Future expectations 0.047 0.994 0.985 0.42

ICT self-efficacy: basic 0.043 0.976 0.967 0.41

ICT self-efficacy: advanced 0.054 0.974 0.951 0.27
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