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ICT literacy and gender
Abstract

Information and communication technology (ICT)#ey represents an essential skill
for adolescents to efficiently participate in a rapdsociety. Previous research reported
conflicting findings regarding gender differencedCT literacy. Therefore, the aim of the
present study was the exploration of cross-sedtemmé longitudinal gender effects on ICT
literacy across a period of three years among @kani German 15-year-olddl = 13,943).
The results showed that ICT literacy increasedsactioe study period. Although gender
differences in ICT literacy were negligible at dde small differences in favor of boys
emerged at age 18. In contrast, gender differenc€3T confidence favored boys at age 15
but did not change subsequently. Hypotheses witardeto moderating effects of gender role
orientations were not supported. Overall, the sfodyd only small differences in ICT
literacy between boys and girls. The small sizthefobserved effect does not warrant
alarming conclusions regarding increasing disachges in ICT literacy for girls.
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The Development of Gender Differences in Informatmd Communication Technology

(ICT) Literacy in Middle Adolescence
The rapid emergence of modern information and comeation technologies (ICT)
has substantially changed the type of skills thatn@eded to successfully participate,
communicate, and work in a modern society. Theegfiormany countries national strategies
have been developed to foster digital competemceshool and the workplace. Despite this
global aim, many studies found substantial intaviiddial differences in ICT literacy among
adolescents (e.g., Christoph et al., 2015; Inme=&k®eil, 2017; Siddiq & Scherer, 2019).
Particularly, gender differences disadvantagints diave been repeatedly observed
(Goldhammer et al., 2013; Kuhlemeier & Hemker, 20@&though some research suggested
that these differences might have reduced or exgrsed in recent years (Eickelmann et al.,
2019; Hatlevik & Christophersen, 2013; van Deur&eran Diepen, 2013), it is still unclear
how gender differences in ICT literacy develop. rEfiere, the present study examined
changes in ICT literacy among a period of threeyyaanong a representative sample of
German 15-year-olds. Moreover, it was hypothesthatindividual gender role orientations
of the respondents might moderate the emergengenafer differences in ICT, leading to
larger gender differences for students emphasinioge traditional gender roles.
Information and Communication Technology L iteracy
Advances in computer technologies and the diffusiosmartphones and internet

applications in school, work, and homes have furetdally changed how people find,
process, and evaluate information. The massive atraflknowledge that is electronically
accessible today also created new affordancedarhmation use that allow people to
successfully live in and cope with the demands teicAnological world. These new skills
(e.g., the ability to critically appraise the qtyalf information or to digitally process

available data) have been referred to with diffeterms such as digital competence (Calvani
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et al., 2012), 2L century skills (Binkley et al., 2012), or ICT litey (ETS, 2002). Many of
these concepts overlap and are not clearly disshgble on the basis of well-defined
theories (for a review see van Laar et al., 204i¥)ng rise to so-called jingle-jangle fallactes
(Block, 1995; Kelley, 1927). Initial concepts ofjidal competence primarily emphasized
specific technologies (e.g., collaborative writgygtems, distant communication
technologies) that might foster competence devedoir{Bruce & Peyton, 1999). In contrast,
conceptualizations that are more recent integnatrse cognitive, socio-emotional, and
behavioral aspects of technology use (e.g., Eshettdi, 2004; Hobbs, 2017; Ng, 2012). For
example, Hobbs (2017) stresses the ability to acaed evaluate digital information to
actively solve problems as integral aspects of e technology use. Similar, Eshet-
Alkalai (2004) defines digital literacy as a comdtion of various distinct skills such as the
ability to understand symbols necessary to comnaain digital environments (e.g.,
emoticons), the ability to identify and integratgithl information to create new information
from available data, and skills enabling distamhomunication and collaboration. Although
the precise definitions of digital competences (gldted concepts) differ between authors,
most of these ideas stress the importance of @geislarand procedural components about
diverse technological systems (e.g., how to usiicecomputer programs) but also
competences that allow users of digital media fiecéiely process and manipulate electronic

information.

! psychological measurements infer latent variafotes a set of observed indicators. However, aseigai
particular label to these measurements does retlesdt its convergent or discriminant validity witkhgard to
another construct. ThHingle fallacy refers to the assumption that measurds suhilar names reflect the same
construct, whereas th@nglefallacy pertains to the belief that scales wittiedlent names also reflect different

constructs.
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ICT literacy is typically defined from a functionpérspective as the ability of
individuals to use “digital technology, communicatitools, and/or networks to access,
manage, integrate, evaluate, and create informatiorder to function in a knowledge
society” (ETS, 2002, p. 2). Thus, ICT literacy &e8 as an integral competence to participate
effectively and flourish in a modern society, imts of economic and psychological well-
being. ICT literate individuals possess knowledigeud diverse technological systems but
also have the appropriate procedural skills tHatvathem to use digitally available
information in order to develop new understanding eommunicate with others (Senkbeil et
al., 2013). More precisely, ICT literacy encompadsee critical components (see ETS,
2002) including knowledge about and the abilityimal digital information accesy sort and
categorize informatiomianagg, summarize digital datantegratg, make quality judgments
about digital informationgvaluate, and generate new informatiacréate. Although these
skills afford various cognitive abilities such aasoning or problem solving, they are distinct
from domain-general cognitive functioning (van Dsam & van Diepen, 2013). Importantly,
ICT literacy is generally conceived as a unidimenal construct, despite subsuming various
technological and information skills.

Gender Differencesin ICT Literacy

Previous research offered various explanationthiobserved differences in
computer abilities among adolescents and adulis®aEccles, 2012). Particularly, the
respondents’ gender has been identified as an tantdactor. Prevalent theory and research
suggests that firmly held believes and culturalesitypes might contribute to gender
differences in technology usage and computer gidlleryan et al., 2013; Master et al.,
2016). As a consequence, these might also be reigp@ifor gender differences in measured

ICT skills as well as in self-reported confidenoene’s ICT skills. The following sections
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summarize the basic theoretical reasoning regattimgole of stereotype effects in ICT
domains and respective empirical evidence.
The Role of Gender Stereotypes

Stereotypes are generalized expectations aboghtracteristics and behaviors of
members of a social group (Ellemers, 2018). Mospfeehold specific gender stereotypes
regarding different domains (e.g., Chaffee et2419; Plante et al., 2019). For example,
mathematics is generally viewed as a male domdiereas languages have a female
connotation. Exposure to gender stereotypes infeehow men and women are treated, the
type of behavior expected from each gender, anttheihong run, their access to specific
experiences (Eccles & Wigfield, 2002). If individsare faced with certain self-relevant
stereotypes that are shared by an important spm@ap, these might unfold expectancy
effects (Muntoni & Retelsdorf, 2018) and act a$-&efilling prophecies leading individuals
to adopt these beliefs and behave in line withalegpectations (e.g., Madon et al., 2018;
Snyder et al., 1977). Consequently, stereotypetseadilso predict domain-specific
achievements in school. For example, in seconddrga girls showed lower mathematical
competence when harboring stronger implicit steqaes that mathematic represented a male
domain; reverse effects were found for boys (Stefi@ Jelenec, 2011). Similar, domain-
specific gender stereotypes predicted grades inanatics and languages among sixth and
eight graders (Plante et al., 2013). Importanthynputers and technology in general are a
domain with a stereotypically male connotation imef (according to prevalent norms)
women are expected to perform poorly (Cheryan.ef@lL3; Master et al., 2016). Thus,
stereotype threat theory (Steele & Aronson, 199&)ld/suggest that women perform less
well on ICT-related achievement tests becauseedf €xposure to negative stereotypes.
Experimental research provides some support ferassumption (Cooper, 2006; Koch et al.,

2008). For example, female students primed witlr tiender performed worse on a
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computer task than a control group (Cooper, 208®)ilar, Koch and colleagues (2008)
showed that women tend to attribute failures onpmater tasks to their lack of competence
whereas men are more likely to blame external ssufe.g., software glitches). Taken
together, this reasoning might suggest that gidald/underperform on tasks related to ICT
literacy.
Evidencefor Gender Differencesin ICT Literacy

A substantial body of research in the 1990ies amly 2000th showed a disadvantage
for girls in ICT literacy (e.g., Hakkarainen et,&000; Janssen Reinen & Plomp, 1993;
Kuhlemeier & Hemker, 2007; Volman et al., 2005)cbntrast, more recent studies revealed
a less consistent pattern (see Punter et al., 200& review). For example, in two
international comparison studies including 21 caest(Eickelmann et al., 2019; Fraillon et
al., 2014), most samples found that 14-year olid gutperformed boys in ICT literacy.
Similar results were observed among Flemish six#uers (Aesaert & van Braak, 2015),
Korean students in grades 4 to 6 (Kim et al., 20449 also eighth graders from the United
States (Hohlfeld et al., 2013). However, despitesevidence that gender differences in ICT
literacy may have reversed in recent years, thaadla findings are rather inconsistent. For
example, no differences in computer skills werentbamong secondary school students in
Norway (Hatlevik & Christophersen, 2013), the Nekeds (van Deursen & van Diepen,
2013), and Germany (Ihme & Senkbeil, 2017). Summagithe available body of research, a
recent meta-analysis including 46 effect sizesregted a small gender difference in ICT
literacy of Hedgesy = 0.13 in favor of girls (Siddiq & Scherer, 201Blowever, the
respective analyses also uncovered pronouncedbietezity in the observed effects resulting
in a rather large credibility interval of 95@#1 [-0.08, 0.35]. Together, these findings raise
doubts whether universal gender differences inli@fary still exist that induce women (or

men) to systematically underperform on ICT-relatesks. Furthermore, the focus on cross-
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sectional designs (e.g., Fraillon et al., 2014 éat & Christophersen, 2013; Ihme &
Senkbeil, 2017), does not inform about the devekamnof gender differences across the life
course. Rarely, digital competences were examireed & longitudinal perspective (e.g.,
Hosein et al., 2010; Park & Burford, 2013) and, whepeated measurement designs were
employed, these primarily referred to short-terrargde processes. For example, Hosein and
colleagues (2010) examined changes in competeacd9iICT activities across one school
year. Thus, little is known how gender differenocefCT literacy emerge and change
throughout adolescence.
Empirical Evidencefor Gender Differencesin ICT Confidence

Self-confidence is a task-specific metacognitidtenting an individual's perceived
degree of success in a particular task (Stankal,,2012). It represents a blend of cognitive
abilities and personality (Kroner & Biermann, 200#)th the latter related to an individual's
self-concept (i.e., her or his self-beliefs abdwet tompetence). Subjective self-beliefs about
one’s competence are important determinants obhatthievements (cf. expectancy value
theory, Eccles, 1994), and, thus, can also shapediuals’ ICT competences (Rohatgi et al.,
2016). Again, gender stereotypes have been shoafiietct how people evaluate their own
competence (e.g., Hackett & Betz, 1989; Shin efall9). Because prevalent stereotypes
attribute lower ICT competence to women (Cheryaal.eR013; Master et al., 2016), women
frequently report less confidence about their oampetence, whereas men hold more
positive beliefs about their abilities and evenregémate their own ICT performance
(Meelissen, 2008). Consequently, previous resefaraind pronounced gender differences in
self-efficacy for ICT (Ihme & Senkbeil, 2017; Sche& Siddiq, 2015). Similar gender
differences have also been observed for constraletted to ICT self-efficacy such as
negative affect (Schottenbauer et al., 2004). Agam available findings are not

unambiguous because some studies also found opediEtts. For example, a study among
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eighth graders in the United Stated demonstrat&tdgins rated their ICT skills higher than
boys (Hohlfeld et al., 2013). Two recent studiedradsed this issue from a meta-analytic
perspective (Borokhovski et al., 2018; Cai et2017). Both meta-analyses identified
significantly lower computer-related self-efficalmy women ofg = -0.18 (Cai et al., 2017)
andg = -0.23 (Borokhovski et al., 2018). Interestingfgnder differences in negative affect
towards computers were negligibe< .10). Importantly, Borokhovski and colleagues @01
also observed decreasing gender differences irstiiffefficacy over time: For studies
conducted between 2014 and 2018 respective differebetween men and women were less
than half the size as compared to older studidseM gogether, these studies demonstrate that
gender differences in self-beliefs in ICT literaatyl exist, although they might have reduced
in recent years.
Gender Role Orientationsand ICT literacy

Gender role orientations represent normative egtiects about what constitute
typical characteristics and behaviors of men antherm (Eagly et al., 2000). Individuals can
differ in the degree they accept these gender noknatassical view (Bem, 1974)
distinguishes two independent dimensions of masityland femininity pertaining to the
beliefs about typical traits for men (e.g., asserness, dominance) or for women (e.g.,
compassion, sensitivity). Because these dimensiom®ot have biological roots, both men
and women can associate themselves with eithendiioe, neither dimension (i.e.,
undifferentiated), or both dimensions (i.e., angragus). A more recent perspective focuses
on the degree individuals adopt either more trad#i or more egalitarian gender role
orientations. The latter indicate more gender-digdyeliefs rejecting typical gender
stereotypes, whereas the former emphasize thaadhstereotypical differences between
men and women (Athenstaedt, 2000). Thus, gendeore@ntations also incorporate domain-

specific gender stereotypes but are more broadnepassing different domains. So far, little
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is known about potential negative effects of gemdbr orientations on domain-specific
achievements. Only recently, Ehrtmann and Wolted & identified a gender-specific effect
for this association: Boys and girls exhibited sgqer competence development in domains
stereotypically associated with the opposite gemden they held more egalitarian gender
role orientations. Consequently, gender role oagomhs might also affect gender differences
in ICT literacy. More specifically, students empiaasy more traditional gender roles are
likely to typecast computers and new technologies inore male-dominated way, in line
with prevalent gender stereotypes (see Cheryahn, @04.3; Master et al., 2016), whereas
respondents with more egalitarian views might skovaller or no differences between
genders. Thus, gender role orientations might biengortant moderating influence on the
size of gender differences in ICT literacy.
The Present Study

Most research on gender differences in ICT literiadymited to a cross-sectional
perspective (e.g., Fraillon et al., 2014; HatleXilChristophersen, 2013; Ihme & Senkbeil,
2017; van Deursen & van Diepen, 2013). So fafelig known about the development of
potential gender differences across the life courkerefore, the present study examines
changes in ICT literacy among a representative apfpgserman 15-year-olds across a
period of three years. Instead of concurrent effdbe focus of the study is on changes in
ICT literacy and how gender differences evolve ssitime. So far, the direction of gender
differences in ICT literacy has not clearly estsiipdid. Although prevalent theoretical
explanations (e.g., stereotype threat theory) wasklime gender difference in ICT literacy
disadvantaging girls, recent empirical findingstahsmubts on the direction of effects (Siddiq
& Scherer, 2019). Also, gender differences in agtesand experience with computers seem
to have decreased over time (Colley & Comber, 2083he same time, gender norms

changed towards more gender diverse role beligfgl{fet al., 2019; Miller et al., 2018). As
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a result, it might have become more acceptablevéonen to engage with formerly
stereotypically male-typed domains such as comgnteérinformation technologies.

Therefore, the study explores the following reskeapeestion (RQ 1):

Do gender differences in (a) ICT literacy and (bpfidence in ICT literacy change
during middle adolescence?

A follow-up research question (RQ 2) pertainedttmients’ gender role orientations
as a potential moderating influence that mightaftee emergence of gender differences in
ICT literacy. Students emphasizing more traditiayeider roles might exhibit gender
differences in favor of boys—as found in initialidies on ICT literacy (e.g., Hakkarainen et
al., 2000; Volman et al., 2005)—, whereas respotsdeith more egalitarian (androgynous or
undifferentiated) views might show no gender déferes, thus, corroborating the findings in
recent studies (e.g., Aesaert & van Braak, 2015lfdll et al., 2013).

Do gender differences in (a) ICT literacy and (bhfidence in ICT literacy increase
for students with more traditional gender role ariations as compared to students with
egalitarian gender role orientations?

Materials and methods
Sample and procedure

Participants were part of the German National Etloical Panel Study (NEPS) that
follows representative samples of students actressltfe courses (see Blossfeld et al., 2011).
They were sampled using a stratified two-stageagylr that first drew random samples of
schools and, subsequently, students within thdssoés (see ABmann et al., 2019, for
details). For this study, responses friinx 13,943 students (50% female) were analyzed who
were initially assessed in 2010 attending nintldgsaof 545 different secondary schools
across the country (see Table 1). Their mean agdwa15.62 S§D= 0.63) years. Students

were tested in small groups at their respectiveaishby experienced interviewers. All



ICT literacy and gender 12
students who agreed further participation wereaetl three years later (in 2013) for a
follow-up assessment. Students that still attersadadol (i.e., in twelfth grade) were retested
in school, whereas students that had left schood welividually tested at their private
homes. In totalN = 5,407 students (54% female) were retested anddame.
Ethics statement

Written informed consent was given by the studantstheir parents in accordance
with the Declaration of Helsinki. Moreover, inforcheonsent was also given by the
educational institutions to take part in the stullye consent procedure was approved by a
special data protection and security officer of MePS. The Federal Ministries of Education
in Germany approved the study. Further approvarbgthics committee was not required
according to the local and national guidelines.
I nstrument

Information and communication technology literazgs measured at both time points
with paper-based achievement tests that were sgabyifconstructed for administration in
the NEPS. The theoretical frameworks for theses tadbpted the ETS (2002) definition of
ICT literacy (see above) and are described in Sehkhme, and Wittwer (2013). Different
tests with 36 or 31 items were administered in edlies that were targeted at the average
competence level of the respective age group. Eachrequired a multiple-choice response
that asked test-takers to identify a correct solufrom up to six response options (see Figure
1 for an example item). All tests were scaled usnaglels of item response theory (see Pohl
& Carstensen, 2013) and linked across waves tavdtio longitudinal mean-level
comparisons (see Fischer et al., 2016). The mdnghabilities (Adams, 2005) of the two
tests were good with .83 and .74. Further detailthe psychometric properties of the

administered tests including analyses of longitadmeasurement invariance and gender-
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related differential item functioning are reportadsenkbeil and Ihme (2012, 2017). These
analyses showed stable measurement models acresand between boys and girls.

Confidence in one’s ICT literacy waseasured with a single item that asked students
after each achievement test to estimate their eatnperformance by indicating the number
of items presumably answered correctly. The acgupathese metacognitive judgments was
calculated as difference between a respondentiaa&sd test performance and his or her
actual performance on the respective test starmatait the number of administered items (in
percent; see Schraw, (2009)). Hence, positive gahdicated an overestimation of one’s ICT
literacy, a negative value reflected an underesionaand a value close to zero suggested
accurate judgments.

Gender role orientationg/ere measured in ninth grade with six items adhfstan
Athenstaedt (2000) on four-point response scatems ft “completely disagree” to 4
“completely agree”. Responses were coded in swedyathat larger scores represent more
egalitarian and lower scores more traditional genole orientations. An exploratory ordinal
factor analysis suggested the extraction of a sifegitor, with the largest eigenvalues being
3.47, 0.70, and 0.57. The respective factor loadlarg given in Table 2 showing that all
items were substantially associated with the lafetor (allis > .50). Similar, confirmatory
item response modeling supported a unidimensiazé see supplement material). The
omega categorical reliability (Green & Yang, 200&)s .81.

Students'socio-economic statugas captured by the highest International Socio-
Economic Index of occupational status (ISEl; Gaopab, 2010) of their parents. The ISEI
ranges between 10 and 98 with higher values réfiget higher occupational prestige.

Cultural capitalin the family was measured with a single item aglabout the

number of books at home on a six-point scale frdidtb 10 books” and 6 “more than 500
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books”. Similar items are routinely administeredarge-scale social and educational studies
and provide a valid assessment of objectified caltcapital (e.g., Sieben & Lechner, 2019).
Student’smigration backgroundvas derived from the origin of birth of their pate
and grandparents. If at least one of his or hem@)parents were born outside of Germany
the student was classified as having a migrati@kdp@und (coded 1 = yes, 0 = no).
Data analyses
Gender differences in ICT literacy and ICT confidenvere examined with latent
change score analyses (McArdle, 2009). Thus, teeaby scores (or confidence scores) at the
second measurement occasion (T2) was reparametamiiee form of two additive
components (see Figure 2): the scores at thenfiestsurement occasion (T1) and the
difference between the two scores (T2-T1). Toftasgiender differences, the latent
difference score was regressed on gender. Bedaaskevelopment of cognitive abilities can
be influenced by economic, social, and, culturgkass of the family environment (cf.
Akukwe & Schroeders, 2016; Schroeders et al., 264f)control variables (age, migration
background, socio-economic status, cultural capitate included in this analy$iBecause
these models are just-identified, no model fit cedi are available. Dependencies in the data
resulting from the nesting of students within diéiet schoofSwere acknowledged by
estimating cluster-robust standard errors (Camérbhller, 2015). ICT literacy scores were

z-standardized with respect to the scores at Ta;rasult, the regression parameters for

2 All analyses were also examined without inclusibany covariate. However, these analyses didewat to
different conclusions. The respective results aedlable in the OSF data repository.

% Intraclass-correlations (ICC) indicated that defeetties in ICT literacy scores were primarily autesf
students being nested within schools (ICC = .4@ocespared to within classes (ICC = .02). Thereftre,

school-level was acknowledged in the analyses.
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gender (coded 0 for men and 1 for women) can leegreted similar to standardized mean
differences. These effect sizes were evaluateidéwith conventional standards (Cohen,
1992) using 0.20 and 0.50 as thresholds for smdllnaedium effects, respectively. The latent
change score models were estimated wersion 3.6.1 (R Core Team, 2019) with llneaan
package version 0.6-4 (Rosseel, 2012)lamdan.surveyersion 1.1.3.1 (Oberski, 2014).

ICT literacy at the two measurement occasions amdigr role orientations were
modeled with plausible values (see von Davier e28i09; Wu, 2010 for an introduction into
the plausible value technique) that acknowledgeutieertainty in the measurements and
allow for the analysis of latent relationships ($amto latent variable modeling in structural
equation modeling). Thus, for each respondent 20gible values were drawn usingM
version 3.2-24 (Robitzsch et al., 2019). The latdainge score analyses were repeated for
each plausible value and, subsequently, combineg &ubin’s (1987) rules (see also
Mislevy, 1991). For non-responders missing valuessvimputed based on the background
model during the plausible value estimation (ctaBr & von Davier, 2017). Missing values
on the background variables were handled usingiphelimputation with predictive mean
matching (Weirich et al., 2014).

Open practices

Means, standard deviations, and correlations betweestudy variables are given in

Table 3. The respondent data (including the studierral) is available to the research

community at https://doi.org/10.5157/NEPS:SC4:9.Mareover, thék code to reproduce

the presented findings and the results of thessizdl analyses can be accessed itpen
Science Framewor{Soderberg, 2018) at

https://osf.io/xvafa/?view_only=04f100887aad47d0&@0B838db79398.
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Results

Selectivity analyses

The study observed a substantial dropout of 61% thvecourse of the two
measurement occasions. This pattern falls in litle avgeneral trend of increasing non-
response rates in many social surveys (Kreuter3;204lliams & Brick, 2018). For example,
recent rounds of the European Social Surveys im@ey achieved response rates as low as
35%, despite extensive fieldwork efforts (see Bmndlet al., 2018). To examine the dropout
process in more detail, a dichotomous non-respmaseator (coded 1 for non-response and 0
for participation at the second wave) was regressetthe ICT literacy and ICT confidence
scores from the first wave, gender role orientatj@md the available control variables (see
Table 4). These analyses showed that proportionabise dropout was observed for students
with lower ICT literacy ¢ = -0.32,p < .001) and boysd(= -0.13,p < .001). In contrast,
confidence scoresl= 0.02,p = .105) and gender role orientatiah=-0.01,p = .643) did not
predict participation propensity. Consequentlytipgration at the second measurement
occasion was at least partially driven by a missingandom process (see Zinn & Gnambs,
2018) which was acknowledged by including thesé&bées in the background model for the
estimation of the plausible values.
L atent Change Score Modelsfor ICT Literacy

ICT literacy exhibited a high rank-order stabildyer the three years € .76,p <
.001). However, the latent change score model (Mbde Table 5) identified a small mean-
level increase within this period of about Coheths0.40 p < .001). Thus, on average,
students improved their ICT skills. Neverthelebs, significant variance of the latent change
score Var = 0.42,p < .001) indicated substantial interindividual di#nces in change that
might be explained by moderating influences. Traefthe unconditional change score

model was extended by including gender as predaftbiteracy skills in ninth grade and the
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respective change score (see Model 2). These &salggealed a negligible gender difference
in ICT literacy in ninth graded(= -0.03,p = .107). More importantly, increases in ICT
literacy across time were significantly larger bmys as compared to girld € -0.13,p <
.001). Thus, within three years small gender défifees emerged: for girls, ICT literacy
increased by = 0.34 p <.001), whereas boys improveddby 0.47 ¢ <.001). It was also
hypothesized that gender differences would be ngatit on the gender role orientations of
the respondents. Thus, gender differences shoul@er for students embracing more
traditional gender roles. To test this assumpt@mder role orientations and the interaction
with gender were added as additional predictotheédatent change score model (see Model
3 in Table 5). However, gender role orientatiorseased in ninth grade did neither moderate
gender differences in ninth grad&= -0.02,p = .433), nor gender differences in changes of
ICT literacy across timeB(= -0.02,p = .216). Thus, there was no support for diffeigamder
effects depending on the students’ gender rolentaimns.
L atent Change Score Modelsfor ICT Confidence Scores

The confidence scores for ICT literacy performasitewed that students, on average,
tended to overestimate their ICT literacy at batretpointsM = 0.64 SD= 0.18) andvl =
0.64 SD=0.17). Moreover, confidence in ones’ abilitiegsiess stable than ICT literacy,
with a longitudinal correlation af= .41 < .001). More importantly, there were no mean-
level changes between the two measurement occadien®.01,p = .516 (see Model 1 in
Table 6). Thus, on average, the degree of overagtmof one’s skills remained comparable.
Again, the significant variance of the latent chausgore Yar = 1.08,p < .001) suggested
potential moderating influences. Including gendepeedictor of the confidence scores in
ninth grade and the respective change score (seéelNdrevealed small gender differences

in ninth grade favoring boysl & -0.31,p < .001), but no gender differences regarding
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changes across timé € -0.03,p = .306). Again, there was no evidence for modegati
effects of gender role orientations (Model 3 in [Eaf).

Discussion

The ability to efficiently access, evaluate, anchgeadigital information has been
termed one ofhe essential 2% century skills (Binkley et al., 2012). Therefotiee present
study examined the development of ICT literacy ne@resentative sample of German
adolescents across three years. These analyseedhimat, on average, students’ ICT literacy
increased, whereas their confidence in ICT perfoiceaemained unchanged. Although most
students tended to overestimate their test perfoceahe degree of overestimation was
similar at ages 15 and 18. This trend to overeséroaes’ performance is a general tendency
that has been observed in different domains bulstém decrease with age (cf. Fredricks &
Eccles, 2002; Robins & Beer, 2001; Schneider & 1L,o2R08). Thus, it is unlikely that
ratings of ones’ ICT performance will become magalistic in older age groups.

Previous research suggested that gender differem¢€3 literacy might have
vanished in recent years (Hatlevik & Christopheyg13; van Deursen & van Diepen, 2013)
or even reversed to favor girls (Aesaert & van Br&815; Eickelmann et al., 2019; Fraillon
et al., 2014). In line with these findings the @m@sinvestigation found only negligible
differences between boys and girls in ninth gr&ttevever, during the course of the study
small gender differences emerged; at age 18 gadsahslightly lower ICT literacy as
compared to boys. Interestingly, the identifieceetiwith a disadvantage for girls (Cohed’s
=-0.15) was at odds with recent meta-analyticifigd that reported gender differences in
favor of girls, Hedge’'g) = 0.13 (Siddiq & Scherer, 2019). The reason fa tliscrepant
finding remains open for speculation. It might be tase that more conservative gender
stereotypes prevail in Germany as compared todbetaes examined in Siddig and Scherer

(2019) which spanned Europe (from Norway to Sloagmmerica (from Canada to
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Argentina), and Asia (e.g., China, Korea). Howeeenpirical evidence does not support this
conjecture: despite the existence of cross-culttaghtions in stereotypical beliefs about
gender roles (cf. Best & Williams, 1994; van dewij, 2007), respective studies typically
show more egalitarian views in Germany as comptregidr example, the United States
(Scott, 2008). It could also be speculated thatiBeman educational system provides
inferior opportunities for students to engage witbdern technologies and systematically
acquire computer skills (cf. Gerick et al., 201483.a result, German adolescents might more
strongly depend on non-formal learning opportusife.g., the home environment) and
activities outside of school that are more strorgtermined by gender-specific interests (as
compared to mandatory school courses). Anothermegplon might be cultural and
socioeconomic differences between Germany anddbetides included in Siddiq and
Scherer (2019). Stoet and Geary (2018) sugges#dntless gender-equal countries women
are more likely to engage with science, technoleggineering, and mathematics (STEM)
fields to escape difficult living conditions. Germyais a rather gender-equal country with a
well-established social welfare system. Thus, giright not feel the pressure to learn new
technologies and acquire ICT competences. Ratiey,dan follow their (gendered) interests
when choosing leisure activities which, in turnghtiaffect their development of ICT
competences. It must be emphasized that, so &sgplost-hocexplanations remain
speculative. However, it should be stressed tlebbserved gender difference in ICT literacy
that emerged during middle adolescent was rathall sivhus, future research needs to
examine whether the effect replicates in indepensi@mples and age cohorts. In addition, it
is unknown whether the effect accumulates over timgs, leading to more pronounced
gender differences during the transition to aduthand beyond.

Regarding ICT confidence a different pattern emerde line with previous research

(Ihme & Senkbeil, 2017), boys overestimated thenfgrmance stronger than girls. The
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respective effect (Cohents= -0.31) also fell in line with meta-analytic estites on gender
differences in computer self-efficacy, Hedgeg'’s -0.23 (Borokhovski et al., 2018). However,
this gender difference remained unchanged acroasur@ment occasions and was similar at
both ages. Thus, the observed differences betwagndnd girls seem to represent a general
tendency that is rather stable in the observedayge. Similar findings have also been
observed for other competence domains (e.g., felesl& Eccles, 2002; Herbert & Stipek,
2005; Watt, 2004). For example, mathematic competéeliefs showed only modest (and
rather stable) gender differences in grades 9 tovh2reas they were more pronounced (and
more variable) in primary school (Fredricks & E&;12002). Changes in gender differences
were neither found for competence beliefs in Eiglistween grades 7 to 11 (Watt, 2004).
Thus, in middle adolescent gender differences mpience beliefs seem to be rather stable.
Interestingly, the relative strength of men and waia overestimation seems to depend on
the gender connotation of the competence domaimdits stereotypically considered male
(e.g., mathematics, sport) typically observe angfen tendency for boys to slightly
overestimate their ability, whereas domains wifBraale connotation (e.g., languages such as
English) tend to result in a stronger overestinmatar girls (see Fredricks & Eccles, 2002;
Watt, 2004). Thus, the tendency to overestimatésatglities seems to be a (more or less)
stable individual difference in middle adolescemd & not limited to the realm of ICT

literacy.

Finally, hypotheses regarding gender role orieotstiwere not supported. Gender
differences in ICT literacy were comparable fop@sdents emphasizing different
stereotypes about men and women. These resultstammoborate related research that
highlighted pronounced associations between stiglentiorsements of gender stereotypes in
different domains and respective grades (Plani,e2013) or between gender role

orientations and changes in domain-specific conmpet of boys and girls (Ehrtmann &
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Wolter, 2018). At this point, the reasons for tiectepant findings are unclear. It might be
speculated that the male stereotype associateccwitiputers and new technologies does not
hold anymore in Germany and, thus, ICT literack$aa gender-specific connotation.
However, recent research highlighted that the rhemdaels of German teenagers regarding
computer scientists is still predominantly maletipalarly among boys (Brauner et al.,
2018). Also, German adults still attribute lowengmuter skills to women when their sex is
emphasized (Fleischmann et al., 2016), suggesiaighe traditional stereotypes regarding
computers still exist. It might also be the cas#,thather than gender stereotypes, differences
in interests play a more important role for theelepment of gender differences in ICT
literacy. For example, women tend to show morer@stein working with other people,
whereas males prefer more abstract tasks and,alsasshow greater interest in STEM (Su et
al., 2009). These interests gradually develop rtyealolescence and are well-established
before finishing school (see Wang & Degol, 201 7daeview). Domain interests are
reinforced through an ongoing process of decisior{aot) engage in specific tasks and
respective experiential outcomes. Thus, gendeerdifices in ICT competence might be a
consequence of different experiences of boys atelrggeded for the acquisition of these
competences that are determined by gendered itdefdwrefore, initiatives to increase girls’
interest in programming and other computer appboat(Schroeder et al., 2018) might help
reducing differences in ICT literacy.
Limitations and Directionsfor Future Research

A notable strength of the study is the large, repnéative sample embedded in a
longitudinal design. However, some aspects mighe heeakened the generalizability of the
results. First, economic constraints allowed ohlyadministration of a short test to measure
ICT literacy. Therefore, the test did not allow tbe examination of different facets of ICT.

Although the presented analyses fall in line wité prevalent conception of ICT literacy as
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unidimensional construct (ACARA, 2018), Punter antleagues (2017) suggested that
gender differences in ICT literacy might be depenaa specific facets: whereas computer
and technology literacy tends to favor boys, infation literacy due to its close association
with reading literacy might exhibit a gender di#face in favor of girls. Future research
should study specific facets of ICT literacy ovierd which might uncover different patterns
of change. Second, ICT literacy and confidencen@ ®abilities might exert interactive
effects and influence each other over time. Ovdrdence has been shown to prevent the
development of self-regulatory strategies: six-gead children who underestimate their
actual abilities showed higher monitoring and colngkills as compared to overestimators
(Destan & Roebers, 2015). In turn, these differemght contribute to increases in their
competences (Rinne & Mazzocco, 2014). Thus, futesearch should emphasize the role of
self-regulatory skills in the development of ICTetiacy. Third, although it was hypothesized
that computers and ICT in general might be viewsethale-typed domain, this assumption
was not explicitly tested in the present studytdad, a rather global measure of gender role
orientation was used that captures general stggealyiews regarding men and women. It is
conceivable that different aspects of ICT sucthagéchnological and the informational
aspect are associated with different stereotypgs echnology literacy might be perceived
as a male domain and informational literacy as@afe domain). This might explain the
failure to uncover moderating effects in the préstéundy. Fourth, the study did not address
the cause of the observed changes in ICT literadyrespective gender differences. It might
be the case that girls lack appropriate role moetievelop interest in ICT which steers
them away from considering professions in compstences (Murphy et al., 2007). Similar,
in school, teachers and textbooks might involuhtgrerpetuate implicit gender stereotypes
(see Kollmayer et al., 2018, for a review) that Imigesult in increasing gender differences

over time. Thus, future research is encouragedpee factors in and out of school that
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could explain the observed changes in ICT liter&ayally, the study covered a rather short
period of time. Longer observational periods waoalldw the analyses of non-linear changes
and could scrutinize whether the observed gendi@reinces accumulate over time or remain
constant. Moreover, given the rapid diffusion djitéil technologies into many areas of
adolescents’ private and academic lives the preddirtdings need to be replicated in
different cohorts to explore whether gender diffiees in ICT literacy might evolve
differently in changing technological contexts.
Conclusion

Information and communication literacy represemtgnaportant ability for the
successful participation in the modern world. Thespnt study showed that, in Germany,
ICT literacy increased during middle adolescentsenstrongly for boys as compared to girls.
Moreover, boys also overestimated their own ICTgrarance more strongly than girls,
although this difference was similar at ages 15 HhdOverall, the observed gender
differences in ICT literacy were rather small; thois average, boys and girls were more
similar rather than different in their ability teal with digital information and the challenges

of a technological society.
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Table 1.

Characteristics of Participants

Overall

sample Boys Girls

Sample sizeN) 13,943 7,016 6,927
Age M /SD) 15.62/0.63 15.68/0.64 15.57/0.61
Migration background (%) 25% 25% 26%
HISEI® (M / SD) 51.03/20.53 51.13/20.58 50.93/20.47
Cultural capital ¥ / SD) 3.80/1.48 3.73/1.50 3.88/1.50
School type’

- General secondary school 21% 24% 18%

- Intermediate secondary school 22% 22% 22%

- Grammar school 35% 31% 38%

- other 23% 23% 22%

Note ? HISEI = Highest parental International Socio-EcmimIndex of

occupational status (Ganzeboom, 202®chool type: General secondary school =
“Hauptschule”, Intermediate secondary school = |Bdaule”, Grammar school =
“Gymnasium”.
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Table 2.

Results of Exploratory Ordinal Factor Analysis cértéler Role Orientation Scale

ltem yS
1. Women and men should have the same househatrhdhs. .74 .55
2.  Girls can use technical devices as well as boys. 75 .57
3. Girls should be able to train for the same msifens as boys. 75 .57
4. Men are better suited for certain jobs than warhe 59 .35
5. It'sthe man’s job to earn money and the womg@isto take care of the .68 .46

household and family.
6. The number of women in politics should be theesas the number of .69 .48

men.

Eigenvalue 2.98

Proportion of explained variance 0.50

Note A = Factor loadingh? = Communality” reverse coded
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Table 3.

Means, Standard Deviations, and Correlations betw@&eidy Variables

M SD MV 1. 2. 3. 4. 5.
1. ICT literacy at T1 0.12 0.79 0.00
2. ICT literacy at T2 045 061 061 .76
3. ICT confidence at T1 0.64 0.18 0.00 ".22 .21
4. ICT confidence at T2 0.64 0.17 061 .13 .18 4T
5. Gender (0=men,1=women) 050 050 0.00 .02.07 - -15 -17
6. Gender role orientation -004 098 025 "15.09 -06 -08 .59

Note N = 13,943. MV = Fraction of missing values. Resalts based upon 20 plausible values and
[nultiple imputed datasets; thus, the statisticcarescted for measurement error.
p<.05
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Table 4.

Probit Regression for Non-Response at the Secorgiviement Occasion

Non- Regression

Responders Responders

M SD M SD B (SB
1. Gender (0=men,1=women) 054 050 047 0.50.13 (0.03)
2. Age (in years) 1547 055 1572 0.66 0.210.02)
3. Migration (0 = no, 1 = yes) 0.22 0.42 0.28  0.450.14 (0.03)
4.  Socio-economic statds 0.30 099 -0.19 0.96 -0.14 (0.01)
5. Cultural capitaf 0.31 094 -020 0.99 -0.13(0.01)
6. Gender role orientatidn 0.13 098 -0.08 1.00 -0.01 (0.02)
7. ICT literacy at TT 040 096 -0.26 0.94 -0.32(0.02)
8. ICT confidence at T 0.06 097 -0.04 102 0.02 (0.01)

Note.N = 13,943. Dependent variable is non-response (chdenon-response and 0 =
participation),B = Regression weigh§E= Standard error d@. Results are based upon 20

plausible values and multiply imputed datas&fsstandardized.
p<.05
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Table 5.

Estimates of Latent Change Score Model for ICTradg

Model 1 Model 2 Model 3
B (SB B (SB B (SB

ICT literacy at T1

Intercept 0.05 (0.02) 0.06 (0.02) 0.13 (0.02)
Gender -0.03 (0.02) -0.15(0.02)
Gender role orientation 0.11 (0.01)
Gender x gender role -0.02 (0.02)
Variance 0.75 (0.01) 0.75 (0.01) 0.75 (0.01)
R 25 25 .26
ICT literacy difference T2-T1
Intercept 0.40 (0.01) 0.47 (0.01) 0.45 (0.01)
Gender -0.13 (0.01) -0.08 (0.01)
Gender role orientation -0.03(0.01)
Gender x gender role -0.02 (0.01)
Variance 0.42 (0.01) 0.41 (0.01) 0.41 (0.01)
R .02 .03 .03
Covariance -0.37 (0.01) -0.37 (0.01) -0.37 (0.01)

Note B = Estimated paramete3E= Standard error d. Covariance =
Covariance between ICT literacy at T1 and ICT #tsrdifference T2-T1.
Gender was coded 0 for men and 1 for women. Gaoteorientation and ICT
scores were-standardized\] = 0,SD=1). Results for-standardized control
variables (age, migration background, socio-econatatus, cultural capital)
are not presented (see supplement material).
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Table 6.

Estimates of Latent Change Score Model for ICT dente

Model 1 Model 2 Model 3
B (SB B (SB B (SB

ICT confidence at T1

Intercept 0.00 (0.01) 0.5 (0.01) 0.18 (0.02)
Gender -0.31 (0.02) -0.34 (0.02)
Gender role orientation 0.04 (0.02)
Gender x gender role -0.04 (0.03)
Variance 0.90 (0.01) 0.97 (0.01) 0.97 (0.01)
R .01 .03 .03
ICT confidence difference T2-T1
Intercept -0.01 (0.02) 0.01 (0.02) 0.00 (0.03)
Gender -0.03 (0.03) -0.02 (0.04)
Gender role orientation -0.01 (0.03)
Gender x gender role 0.02 (0.04)
Variance 1.08 (0.02) 1.09 (0.02) 1.09 (0.02)
R .00 .00 .00
Covariance -0.61 (0.02) -0.62 (0.02) -0.62 (0.02)

Note B = Estimated paramete3E= Standard error d. Covariance =
Covariance between ICT confidence at T1 and ICTidence difference T2-
T1. Gender was coded 0 for men and 1 for womend&erole orientation and
ICT scores were-standardizedM = 0,SD =1). Results for-standardized
control variables (age, migration background, s@onomic status, cultural
capital) are not presented (see supplement material
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This table shows the number of tickets that have been sold for a school play. Which
formula is needed in the table to calculate the total number of tickets issued on

Thursday?
07 - S
A B C D E F
1 Drama Club Play
2 Tickets
Tickets issued Total no. of Total
3 Tickets sold free of charge tickets attendance
4 Monday 28 0 28 26
5 Tuesday 29 24 53 53
6 Wednesday 65 16 81 80
7 Thursday 58 8 64
8 Total 180 48 228
9
10
© Microsoft

Please check the right answer! Please check one box only!

a =B7+C7
a |=D5:D7
a |=E8-B8
a |=B8-C8

Figure 1L Example item of the ICT literacy test. Copyridleibniz Institute for

Educational Trajectories (LIfBi). Reproduced witbrmission.
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Gender

Gender role

Gender x
gender role

Change
1— 1
(Jrcraem ICT at T2 .

Figure 2 Latent change score model for ICT literacy and t©nfidence.



Highlights
A longitudinal studies with adolescents at agesaiid 18 is presented.
Across three years, ICT literacy increased by Cahetr 0.36.
Gender differences in favor of boys increased +00.13.
Gender differences in ICT confidence remained unghd.

Gender role orientations did not moderate the ofeskeffects.



