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a b s t r a c t

Adolescents spend a substantial part of their leisure time with playing games and using social media
such as Facebook. The present paper examines the link between adolescents’ computer and Internet
activities and computer literacy (defined as the ability to work with a computer efficiently). A cross-
sectional study with N ¼ 200 adolescents, aged 17 on average, was conducted. Hierarchical regression
analyses showed that an increase in time spent playing games on a PC/Mac was related to higher scores
on practical and theoretical computer knowledge. Moreover, practical computer knowledge was higher
for adolescents who liked playing shooters, fantasy games, or Facebook-games. Frequency of social media
use was associated with higher scores in practical computer knowledge. A bootstrap analysis indicated
that this relationship was mediated by a decrease in computer anxiety, not by more positive attitudes
toward the computer. Gender yielded substantial main effects on the media literacy variables but the
associations between the computer and Internet activities and the literacy aspects were similar for boys
and girls. This study is expected to encourage future longitudinal research on adolescents’ incidental
learning during leisure time computer and Internet activities.

� 2012 Elsevier Ltd. All rights reserved.
1. Introduction

Literacy in information and computer technologies (ICT) is a key competence today. Using the computer efficiently contributes to citi-
zens’ options for participating in modern societies (e.g., Papacharissi, 2002). From a financial perspective, a country’s economic growth
depends on a qualified workforce, and “to be employable in 2020, graduates must be technologically literate [.]” (World Economic Forum,
2011, p. 7). Adolescents spendmuch of their daily leisure timewith the computer, often playing computer games or communicating through
social networking sites. The affective and cognitive consequences of these activities have been a matter of ongoing debate in the social
sciences as well as in the general public. The goal of the present research is to examine the link between adolescents’ computer and Internet
activities, including the use of social networking sites and popular video games such as first-person-shooters, and adolescents’ computer
literacy. It was predicted that recreational computer use is related to higher computer literacy and that decreased computer anxiety and
more positive attitudes toward the computer may be in part responsible for this relationship.
1.1. Computer literacy

In the last decades, the notion of literacy has been transferred from its original domain of reading andwriting to audiovisual (mass)media
such as the TV (media literacy) and to computers (computer literacy). Computer literacy has been defined as the “knowledge, skills, and
attitudes needed by all citizens to be able to deal with computer technology in their daily life” (Tsai, 2002, p. 69; cf. Dominick, Friedman, &
Hoffman-Goetz, 2009; Poynton, 2005). Computer literacy entails the capability to handle tasks that users are faced with on a daily basis,
for example “the ability to use several applications (usuallyMicrosoftWord,Microsoft Internet Explorer andMicrosoft Excel) for certain tasks“
(Taylor, Goede, & Steyn, 2011, p. 29). According to our approach, computer literacy is one component of a more broadly defined digital literacy
which – in addition to computer literacy – involves the ability to make sense of graphs, pictures, and moving images on a screen (visual
literacy; e.g., Elkins, 2010) and tofindand analyze informationusing the computers and theweb (information literacy; cf. Ryan&Capra, 2001).
Moreover, digital literacy (but not computer literacy) involves the ability to take up a critical position to the things presented on the computer
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but also to be able to enjoy computer-based entertainment and interactions, similar to conceptualizations of media literacy (e.g., Groeben,
2002; Potter, 2011). In sum, the concept of computer literacy as it is defined here does not entail all competencies that appear desirable
when people interact with the computer; it is rather focused on the ability to work with a computer efficiently.

The present research is based on the approach by Richter, Naumann, and colleagues (Naumann, Richter, & Groeben, 2001; Richter,
Naumann, & Groeben, 2000, 2001; Richter, Naumann, & Horz, 2010), who distinguish theoretical (declarative) and practical (procedural)
knowledge of the computer as the two key components of computer literacy. This approach is particularly appealing, as it comes with
a reliable computer literacy inventory which has been employed in a number of studies on computer-based learning and communication
(e.g., Gauss & Urbas, 2003; Koch, Müller, & Sieverding, 2008; Mäkitalo-Siegl, Kohnle, & Fischer, 2011; Wecker, Kohnle, & Fischer, 2007;
Wittwer, Nückles, & Renkl, 2008). The theoretical knowledge (“know what”) is assessed with the help of multiple-choice items that ask for
the meaning of common ICT abbreviations and terms such as “IP-address”, “Trojan” or “Kernel” (see Appendix A for sample items). The
practical knowledge (“know how”) consists of multiple-choice items as well. Each item starts with a scenario – e.g., the computer mouse is
defunct and you want to end the program you were working with – and the respondents need to choose which of four behavioral options
would be the best in that situation (see Appendix B for sample items).

1.2. Computer literacy and adolescent home computer use

Part of the computer knowledge is likely obtained in educational settings such as informatics school classes. However, another part of
adolescents’ computer knowledge is likely obtained in out-of-school contexts. Previous theory and research on reading and writing literacy
indicated that students’ leisure activities such as keeping diaries or reading novels are associated with better language skills (e.g., Hull &
Schultz, 2001; Mar, Djikic, & Oatley, 2008; Stanovich, 1993). For the field of computer literacy, we assume that the acquisition of
computer knowledge is often unintentional and takes place during recreational computer use. Such instances of incidental learning (e.g.,
Marsick &Watkins, 2001; Marsick, Watkins, & Lovin, 2010) are expected to increase the declarative knowledge, i.e., after fixing the Internet
to go on Facebook adolescents know what an IP-address is (as well as PPPee, PADI, etc.). Even more so, however, we assume that informal
computer use contributes to practical computer knowledge, i.e., knowing how to ‘fix the internet’ by switching the modem’s power on and
off. We propose that home computer use does not only provide the opportunity to make literacy-relevant experiences, it may also decrease
computer anxiety i.e., the discomfort or fear when using the computer or when thinking about using the computer (cf. Chua, Chen, &Wong,
1999; Simonson, Maurer, Montag-Torardi, & Whitaker, 1987). A low level of computer anxiety has been conceived as a facet of computer
literacy in and of itself, and computer anxiety was negatively related to both theoretical and practical computer knowledge (i.e., Richter
et al., 2010). Thus, we hypothesize that a reduction of computer anxiety can be one link between computer use in informal settings and
computer literacy. In addition to reduced anxiety, more positive attitudes toward the computer can serve as a mediator between computer
experience and computer literacy. Levine and Donitsa-Schmidt (1998) found support for a model that placed computer attitudes and
computer confidence as mediating variables of the positive association between computer ownership, computer use at school, and
frequency of use on the one hand, and perceived computer knowledge on the other.

Previous research in this field was inclined to examine computer use and computer experience on a broad level. For example, practical
and theoretical computer knowledge were positively related to the amount of computer and Internet use, the number of desktop and
Internet appliances used, as well as the years of previous computer experience (Richter et al., 2010, for similar results on perceived computer
knowledge see for example Geissler & Horridge,1993). Likewise, a number of studies found a negative relationship between the frequency of
computer use and computer anxiety (e.g., Korobili, Togia, & Malliari, 2010; see Chua et al., 1999, for meta-analytic findings). What is missing
thus far is a fine-grained analysis of different computer-based activities. Most computer users – and adolescents in particular – engage in
a broad range of computerized activities, including coursework for school, watching videos on youtube, or playing first-person shooter video
games. The present research seeks to identify which computer and Internet activities are associated with computer literacy.

Adolescents spend much of their daily leisure time with the computer. Their favorite computer activities are communicating through
online chats and social networking sites, playing video games, and watching videos online (Rideout, Foehr, & Roberts, 2010). Previous
studies showed that some of these favorite activities are linked to adolescent problem behavior. Playing violent video games was related to
externalizing problems (i.e., aggression and delinquency; Anderson & Bushman, 2001; Holtz & Appel, 2011), and communicating online was
found to be related to internalizing problems (i.e., depression and loneliness, Van den Eijnden, Meerkerk, Vermulst, Spijkerman, & Engels,
2008). However, e-communicationmay as well have the potential to contribute to adolescents’ dealing with issues of identity, intimacy, and
sexuality and therefore may contribute to healthy adolescent development (see Valkenburg & Peter, 2011, for an overview). Whereas video
games were further related to cognitive problems in attention and memory in some studies (e.g., Dworak, Schierl, Bruns, & Strüder, 2007;
Maass, Klöpper, Michel, & Lohaus, 2011) others pointed at the benefits of action video game play for attention and visuospatial tasks (e.g.,
Green & Bavelier, 2003, 2006; cf. Greenfield, 2009).

1.3. Summary, study overview, and predictions

The present research is based on the assumption that the frequency of adolescents’ leisure time computer use is positively associated
with adolescents’ computer literacy, particularly practical computer literacy. The aim of the present research was to examine, which
particular activities were related to computer literacy. To this end, a cross-sectional study was developed that asked for adolescents’
computer activities, including their engagement with social media. We expected that using social media extensively provides opportunities
to develop practical computer literacy, resulting in a positive relationship between both variables. We also hypothesized that the amount of
social media use was inversely related to computer anxiety which serves as a potential mediator of the social media use-practical literacy
relationship. As a second potential mediator, attitudes toward the computer were examined. Moreover, we assessed computer gaming and
differentiated playing on a home computer, a console, or a cell phone. Whereas playing on the computer was expected to provide
opportunities to develop practical computer literacy, yielding a positive relationship with practical literacy, this should not be case for
playing on a console or playing with a phone. Finally, our aim was to examine which computer game genres were related to adolescents’
computer anxiety, computer attitudes, and computer literacy. As the latter variables as well as the computer activities are subject to



Table 1
Video game genres and preferred games.

Genre Description Examples Among favorite games Gender differences

Total
(N ¼ 200)

Girls
(n ¼ 116)

Boys
(n ¼ 84)

p
(exact test)

Effect size:
Cramer’s V

First-person shooter Games in which you shoot other
characters (involving a first-person perspective)

Call of Duty,
Counterstrike, FarCry

47 6 41 <.001 .51

Parlor games Video game versions of ‘old-time favorites’ Solitaire, Sudoku 36 33 3 <.001 .32
Arcade/jump’n’run Rather simple games requiring dexterity and

speed, browsergames
Pinball, Tetris, Super Mario 34 23 11 .25 .09

Action/adventure Rather complex games involving ‘action elements’
like shooting and fighting in which you go on
an adventure

Resident Evil,
Grand Theft Auto

32 4 28 <.001 .40

Racing Games that focus on driving fast in vehicles Trackmania, Need for Speed 31 9 22 <.01 .25
Facebook-games Rather simple games in which you take care

for farming, fish, etc.
Farmville, Happy Aquarium 31 29 2 <.001 .31

Simulation Games involving a simulation of (close to)
real-life activities

SimCity, The Sims,
Rollercoaster Tycoon

30 24 6 <.01 .19

Fantasy/role playing Games that let you assume a character role
in a typical ‘fantasy’ environment

World of Warcraft,
Final Fantasy, Gothic

28 5 23 <.001 .33

Sports Games based on athletic teams and events FIFA Soccer, Ski Challenge 23 1 22 <.001 .38
Strategy Games that use strategic planning skills Age of Empires,

Age of Mythology
23 7 16 <.01 .20

Activity Games Games involving a real-life activity or
which are meant to improve real-life abilities

Sing Star, Wii Sports 8 7 1 .14 .12

Note. Seven expressions could not be identified as a computer game, and therefore could not be assigned to any of the categories.

M. Appel / Computers & Education 59 (2012) 1339–1349 1341
potential gender differences (e.g., Ünlüsoy, de Haan, Leseman, & van Kruistum, 2010; Holtz & Appel, 2011; Rideout et al., 2010; Tsai & Tsai,
2010), gender was a matter of additional concern.

The present study extends previous findings as it a) specified the contribution of different computer activities, including a distinction of
different video game genres, b) examined computer literacy with the help of ability test items (as opposed to self-reported competence), c)
investigated anxiety and attitudes as mediating variables, and d) tested our model on amixed sample of adolescents rather than a sample of
undergraduates.
2. Method

2.1. Participants

Participantswere 200 adolescents aged 16–19 years (M¼ 17.34, SD¼ .96),116 or 58% of themwere female. The participantswere recruited
in final year or next-to-final year classes at secondary schools in Austria. Participation was voluntary and included informed consent.
2.2. Computer use measures

2.2.1. Time spent with the computer and time spent with video games
The participants were asked about how much time they spent with the computer on an average day and free spaces for the hours and

minutes were provided. The time spent with the computer ranged from 10 min to 960 min (16 h) a day, M ¼ 231.28 min; SD ¼ 176.30.1 The
subsequent three questions focused on video games and asked for the average daily time spent playing with a computer, a video game
console, or a mobile phone, respectively. For each hardware device, free spaces for the hours and minutes to fill in were provided.
Participants played more with PC/Macs (M ¼ 63.58 min, SD ¼ 98.45) than with video game consoles (M ¼ 9.65 min, SD ¼ 23.33) or with
mobile phones (M ¼ 6.95 min, SD ¼ 18.82).

2.2.2. Games played
The participants were asked to note their five favorite video games. These open answers were subsequently assigned to 11 genre

categories, which were based on earlier research (Holtz & Appel, 2011; Lucas & Sherry, 2004) and recent developments on the video games
market. For each genre, we scored whether or not one or more of the favorite games fell into this category. Details on the genres, including
their popularity in the present study, are shown in Table 1.

2.2.3. Further computer and Internet activities
A second set of questions asked for the frequency of using the computer for different other purposes on a five-point scale (1 ¼ never;

5¼ very often). The activities asked for were using the computer at school (M¼ 4.04, SD¼ 1.08); doing school-related work at home (M¼ 4.22,
SD ¼ .88); programming (M ¼ 2.03, SD ¼ 1.20); using social media (e.g., online communities and chats, M ¼ 4.29, SD ¼ .98), writing and
reading e-mails (M ¼ 3.61, SD ¼ 1.05), and using the computer for entertainment (music and movies, M ¼ 4.05, SD ¼ 1.04).
1 One participant with 960 min of daily computer use was identified as an outlier. Without this adolescent, the average daily time spent with the computer would amount
to M ¼ 227.62 min (SD ¼ 168.94). Data of this participant were included in the following analyses, however, the results would not change substantially if this adolescent’s
data were excluded.
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2.3. Computer literacy measures

The computer literacy scales were taken from the revised version of the computer literacy inventory INCOBI (Richter et al., 2010). As
outlined above, this is a theory-based instrument to measure computer literacy that was applied in a number of studies in recent years (e.g.,
Gauss & Urbas, 2003; Koch et al., 2008; Wecker et al., 2007; Wittwer et al., 2008, see Appendix).

2.3.1. Theoretical knowledge (TECOWI)
The complete scale of 20 items was employed and showed a good reliability (Cronbach’s a ¼ .82). The sum of correct answers served as

our indicator of theoretical computer knowledge.

2.3.2. Practical knowledge (PRACOWI)
All 20 items of this scale were employed. The reliability of the scale was good, as indicated by Cronbach’s a ¼ .84. The sum of correct

answers served as our indicator of practical computer knowledge.

2.4. Computer anxiety

Computer anxiety was assessed with the help of the Computer Anxiety Scale (COMA, Richter et al., 2010). This scale consists of eight self-
report items that address anxious feelings as well as worries regarding the respondents’ own computer use (e.g., “Working with the
computer makes me uneasy”). The items are rated on a 5-point scale ranging from �2 (do not agree) to 2 (agree). Cronbach’s a of this scale
was .82; the mean of items served as our indicator of computer anxiety.

2.5. Attitudes toward the computer

Positive and negative attitudes toward the computer were assessed with the help of two subscales of the Questionnaire for the content-
differentiated assessment of attitudes toward the computer (QCAAC, Richter et al., 2000, 2010) which contains eight subscales in total. The
dimensions we were particularly interested in referred to positive and negative personal experiences regarding the computer as an
instrument for learning and working. Ten items addressed the attitude that the computer is a beneficial tool (e.g., “I find it useful to have
a computer handy when I am working or studying”, Cronbach’s a ¼ .78), and ten items addressed the attitude that the computer is an
uncontrollable autonomous entity (e.g., “When I use the computer for work, I constantly worry that it might break down”, Cronbach’s
a¼ .83). The items went with a 5-point scale ranging from�2 (do not agree) to 2 (agree). The means of each of the set of ten items were used
for subsequent analyses.

3. Results

3.1. Preliminary analyses: zero-order correlations, data distributions, and assumptions underlying the regression analyses

Table 2 presents the zero-order correlations of the variables involved in the present research, as well as these variables’ skewness and
kurtosis. The latter results indicate that the distributions of the literacy, anxiety, and attitudemeasures, as well as the distributions of most of
the media use variables were within the range expected from a normal distribution. However, the statistics also indicate extreme scores
(absolute values for skewness >3 and for kurtosis >10 according to Kline (2005), who commented on structural equation modeling) for the
time spent with computer games, particularly console gaming and handy gaming.2 Normal distribution of all variables involved is desirable,
but not a prerequisite of hierarchical regressions, our mainmethod for data analysis. The assumptions underlying regression analyses do not
include the normal distribution of the predictor or criterion variables. Rather, normal distribution is required for the residuals (e.g., Cohen,
Cohen, West, & Aiken, 2003). The residuals of the equations reported below met this criterion. Moreover, graphical displays and/or
quantitative coefficients indicated that the following assumptions underlying regressing analyses were met: linearity of the relationships
between predictor and criterion, constant variance of the residuals (homoscedasticity), and no apparent residual auto-correlation (Durbin–
Watson-coefficients ranged between 1.6 and 2.2 which is within the recommended range of 1.5–2.5; Hutcheson & Sofroniou, 1999). The
analyses involved sufficient cases and sufficient cases per predictor variable. Moreover, the predictors are not very highly correlated, and all
VIF coefficients range below 2.10, indicating that multicollinearity did not affect the regression results. In sum, there was no indication that
the assumptions underlying regression analyses were violated. For all statistical procedures reported below, two-tailed tests were applied.

3.2. Gender differences

The descriptive data for female andmale participants point at substantial gender differences inmany of the variables of the present study
(Table 3). Particularly striking are the very large differences in favor of boys on the computer literacy scales. Cohen’s d in theoretical
knowledge amounts to d ¼ 1.43 which is approximately the effect size found for gender differences in body height (Manning, 2002).
Moreover, girls reported on more anxiety, perceived the computer more than boys as an uncontrollable entity, they spent less timewith the
computer overall, and used the computer less frequently for entertainment and programming. However, girls aremore intensive users when
it comes to homework and e-mailing. Girls spent less time playing computer games on either their PC system or on gaming consoles.
Referring back toTable 1, both genders differed remarkably with regard to the particular games they prefer to play (see also Carr, 2005; Holtz
2 Analysis which included a dummy-coding of both variables (0 ¼ zero minutes spent; 1 ¼ more than zero minutes spent playing) did not differ remarkably from the
analyses with these variables as continuous measures which are reported in the results section. Transformations of the data (e.g., square-root, logarithm) were considered but
discarded, in order to preserve clarity of the interpretation for a broad readership.



Table 2
Skewness, kurtosis, and zero-order correlations of the main study variables.

Skewness Kurtosis 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16

1 Gender
2 Age .22 �.89 �.05
3 Computer anxiety .58 �.45 �.33*** �.08
4 Literacy: theoretical knowledge .33 �.46 .55*** .18* �.45***
5 Literacy: practical knowledge �.15 �.58 .51*** .17* �.47*** .73***
6 Attitude: beneficial tool �.72 .60 .14 .02 �.29*** .21** .22**
7 Attitude: autonomous entity .59 �.26 �.28*** .03 .76*** �.35*** �.39*** �.32***
8 Total computer time 1.14 .86 .35*** .19** �.41*** .53*** .57*** .38*** �.41***
9 Gaming: PC/Mac 2.70 8.58 .30*** .05 �.19** .35*** .37*** .15* �.27*** .46***
10 Gaming: console 3.01 9.67 .27*** .05 -.05 .12 .13 .11 -.04 .04 .07
11 Gaming: phone 3.61 14.64 �.02 �.08 .03 �.05 .00 .01 �.08 �.06 .02 �.04
12 Computer at school �.86 �.20 �.04 .21** .01 .10 .11 .22** .00 .29*** .10 .06 �.04
13 Homework �1.17 1.32 �.19** .08 �.13 �.07 �.10 .18* �.07 �.23** �.23** .00 �.03 .36***
14 Programming 1.04 .14 .36*** �.05 �.26*** .42*** .27*** .15* �.14* .36*** .17* �.01 .14* .20** .02
15 E-Mail �.54 �.49 �.27*** .17* .08 �.07 �.05 �.00 .07 �.08 �.14* �.10 �.02 �.01 .21** �.05
16 Social media �1.63 2.51 �.04 �.09 �.14* .01 .17* .33*** �.18* .26*** .09 �.01 .08 .13 .10 .01 .30***
17 Entertainment �.99 .37 .29*** .04 �.19** .27*** .27*** .20** �.21** .28*** .08 .09 .09 .03 .04 .18* �.06 .16*

Note. ***p < .001; **p < .01; *p < .05.

Table 3
Descriptives and gender differences.

Total (N ¼ 200) Female (n ¼ 116) Male (n ¼ 84) Gender difference,
significance level and (Cohen’s ds)

M SD M SD M SD

Knowledge scores (number of correct answers)
Literacy: theoretical knowledge 9.98 4.17 8.03 3.20 12.67 3.86 *** (1.43)
Literacy: practical knowledge 11.62 4.23 9.79 3.62 14.14 3.77 *** (1.17)
Anxiety and attitudes (�2 ¼ min, 2 ¼ max)
Computer anxiety �1.06 .70 �.86 .69 �1.32 .61 *** (.70)
Attitudes: beneficial tool 1.20 .46 1.15 .46 1.28 .56 (.28)
Attitudes: autonomous entity �.82 .69 �.65 .67 �1.05 .64 *** (.59)
Time spent on an average day (in minutes)
Total computer time 80.07 104.39 50.41 74.39 121.03 124.63 *** (.83)
Gaming: PC/Mac 63.56 98.20 38.88 66.08 97.64 122.65 *** (.74)
Gaming: console 9.60 23.28 4.24 14.75 17.00 30.03 *** (.69)
Gaming: phone 6.91 18.78 7.28 19.02 6.39 18.53 (.05)
Further computer use (1 ¼ min, 5 ¼ max)
Computer at school 4.04 1.08 4.08 1.07 3.99 1.09 (.08)
Schoolwork at home 4.22 .87 4.36 .81 4.02 .93 ** (.39)
Programming 2.03 1.20 1.66 .91 2.54 1.37 *** (.88)
E-Mail 3.62 1.05 3.86 .93 3.29 1.13 *** (.61)
Entertainment 4.05 1.04 3.79 1.14 4.40 .76 *** (.65)
Social media 4.29 .98 4.31 .94 4.25 1.03 (.07)

Note. ***p < .001; **p < .01.
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Table 4
Literacy and attitudes regressed on computer and Internet activities.

Literacy criteria

Anxiety Literacy: theoretical knowledge Literacy: practical knowledge

B SEB b B SEB b B SEB b

Intercept (B0) 1.97 .88 �9.82 4.53 �9.86 4.83
Step 1:
Gender �.35 .11 �.25** 3.53 .57 .42*** 3.58 .61 .42***
Age �.11 .05 �.15* .79 .25 .18** .81 .27 .18**
Step 2:
Computer at school .13 .05 .21** .03 .25 .01 .17 .26 .04
Homework �.22 .06 �.27*** .12 .30 .03 �.13 .32 �.03
Programming �.10 .04 �.17* .82 .22 .24*** .24 .23 .07
E-Mail .09 .05 .13 .21 .25 .05 .11 .27 .03
Social media �.13 .05 �.18* �.06 .26 �.01 .68 .28 .16*
Entertainment �.02 .05 �.04 .34 .24 .08 .38 .25 .09
Step 3:
Gaming: PC/Mac �.06 .030 �.13 .46 .15 .18** .52 .16 .20**
Gaming: console .06 .12 .03 �.15 .62 �.01 �.12 .66 �.01
Gaming: phone .03 .15 .01 .03 .75 .00 .13 .79 .01

Attitudes toward the computer

Beneficial tool Autonomous entity

B SEB b B SEB b

Intercept (B0) �.35 .60 .47 .90
Step 1:
Gender .06 .08 .06 �.29 .11 �.21*
Age .02 .03 .03 �.01 .05 �.01
Step 2:
Computer at school .04 .03 .08 .08 .05 .12
Homework .09 .04 .17* �.16 .06 �.21**
Programming .03 .03 .06 �.02 .04 �.04
E-Mail �.04 .03 �.09 .05 .05 .07
Social media .15 .03 .31*** �.12 .05 �.17*
Entertainment .04 .03 .10 �.05 .05 �.08
Step 3:
Gaming: PC/Mac .03 .02 .10 �.09 .03 �.22**
Gaming: console .08 .08 .07 .07 .12 .04
Gaming: phone �.01 .10 �.01 �.14 .15 �.06

Note. ***p < .001; **p < .01; *p < .05.
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& Appel, 2011). Girls enjoyed rather basic, easily accessible games, as well as simulations, including those provided by Facebook.com. Boys
preferred games that involve shooting or some other form of aggression, racing games, and fantasy games. Although gender differences per
se were not the main focus of the present research, these results are noteworthy as they point at distinct computer and Internet activities,
and – most importantly – they reveal a disconcerting disadvantage for girls with respect to computer literacy.

3.3. Computer and Internet activities and computer literacy

Weexpected that the extent towhich adolescents use their desktop computer for socialmedia andgamingwouldbe related to less computer
anxiety,more favorable attitudes toward the computer, andmore practical and theoretical knowledge, ourmain indicators of computer literacy.
Ahierarchical regression analysiswas conducted to examine thesepredictions and to analyze the independent relationship of the computer and
Internet activitieswith the literacy criteria (see Table 4, coefficients afterfinal step are reported). Step 1 involved the adolescents’ age andgender
as control factors. In step 2 the computer and Internet activities were entered, and the final step 3 included gaming on the PC/Mac, console
gaming, and mobile phone gaming. Please note that the relationships were similar among male and female adolescents.3

3.3.1. Social media
As expected, social media use was related to less anxiety and more practical knowledge; there was no relationship, however, with

theoretical knowledge. Similarly, using social media predicted perceiving the computer as a beneficial tool rather than as an uncontrollable
autonomous entity.

3.3.2. Time spent with video games
Whereas console gaming and mobile phone gaming were unrelated to the literacy and attitude measures, playing with one’s PC/Mac

predicted higher literacy, both, theoretical and practical. Moreover, avid computer game players were less likely to perceive the computer as
an autonomous entity.
3 To test for the influence of participants’ gender, the product terms between the variables in the second and third step (z-standardized) and gender (dummy-coded) were
entered as an additional step. No significant interaction effects emerged, except for the following: computer anxiety was negatively related to doing homework for both
genders, with a stronger relationship for girls, and gaming with the phone which was somewhat positively related to anxiety for boys and somewhat negatively for girls.
Similarly, gaming with the phone was negatively related to both knowledge measures for boys and somewhat positively for girls.

http://Facebook.com
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3.3.3. Other daily activities
To no surprise, programming was related to less computer anxiety (as was using the computer for school-related work at home) and

more theoretical knowledge, albeit not to more practical knowledge. Using the computer for school-related work at home was also related
to more positive and less negative attitudes toward the computer. Less foreseeable was the result that using the computer at school pre-
dicted more anxiety and that this activity was unrelated to all other literacy and attitude measures – a finding that may deserve more
specific attention in future studies.
3.4. Computer game preferences and computer literacy

In addition to the mere time spent playing, we analyzed the contribution of preferences for particular genres. We conducted a series of
regression analyses with the same predictors in the first and second step as before (Step 1 predictors: age and gender; Step 2 predictors: the
computer and Internet activities). Step 3 was changed and comprised eight variables for the eight most popular video game genres, first-
person shooter, parlor games, arcade/jump’n’run, action/adventure, racing, Facebook-games, simulation, and fantasy/role playing. Each of
these variables was dummy-coded (did at least one of the favorite games belong to this genre? 0 ¼ no, 1 ¼ yes). The criteria were the
computer literacy and attitude variables. Practical computer knowledge was predicted by playing shooters (B ¼ 2.24, SEB ¼ .67, b ¼ .22,
p ¼ .001), by playing fantasy games (B ¼ 1.70, SEB ¼ .77, b ¼ .14, p ¼ .03), and by playing Facebook-games (B ¼ 2.24, SEB ¼ .67, b ¼ .22,
p ¼ .001). Thus, even when controlling for gender, age, and the computer use variables, players of such games score higher on the test of
practical computer literacy. Other significant relationships obtained were that playing fantasy games predicted more theoretical computer
knowledge (B¼ 1.70, SEB¼ .76, b¼ .14, p¼ .03), playing shooters predicted less computer anxiety (B¼�.26, SEB ¼ .13, b¼�.16, p¼ .04), and
playing shooters predicted lower scores on the ‘autonomous entity’ attitude scale (B ¼ �.26, SEB ¼ .13, b ¼ �.16, p ¼ .04).
3.5. Mediation analysis

In recent years, social scientists are increasingly interested in third variables that influence the strength and direction of the relationship
between two variables of interest (the third variable functions as a moderator) and in third variables that transmit the relationship between
two variables of interest (the third variable functions as a mediator; cf. MacKinnon, Fairchild, & Fritz, 2007). Based on previous research, we
considered lower anxiety and more positive attitudes as mediators of the relationship between the engagement in social media and
computer gaming on the one hand and practical computer knowledge on the other hand. As the time spent gaming was neither a significant
predictor of anxiety nor of perceiving the computer as a beneficial tool, the mediation analysis was focused on the relationship between
social media use and practical computer knowledge.

The statistical analysis of mediation is most often based on one out of two different approaches. In their seminal paper on mediation,
Baron and Kenny (1986) recommended a step-by-step procedure based on a series of regression analyses. This approach has been
employed in much of the empirical research on questions of indirect effects and mediation. In recent years, however, the shortcomings of
this approach have been emphasized (e.g., its low power to detect mediation, MacKinnon, Lockwood, Hoffman, West, & Sheets, 2002). In
the current literature on mediation, a bootstrapping analysis is recommended instead (e.g., Hayes, 2009; Preacher & Hayes, 2008).
Bootstrapping is a method that is based on a resampling of data and has several advantages, including no distributional assumptions and
the possibility to analyze multiple mediators at one and the same time. The SPSS macro created by Preacher and Hayes (2008) for
bootstrap analyses with multiple mediators was employed. Practical computer literacy was entered as the criterion, social media use was
entered as the predictor variable, and anxiety, and both attitude measures were entered as the proposed mediators. Gender, age, and all
computer activities that served as predictors in the regression analysis (school, homework, programming, e-mail, entertainment, PC/Mac
gaming, console gaming, handy gaming, see Table 4) served as covariates. The bootstrapping procedure points at the mediational role of
computer anxiety, demonstrating that the 95% confidence interval for the indirect effect using 5000 bootstrap samples did not include
zero (lower limit ¼ þ.056, upper limit ¼ þ.557). Neither of the attitude measures was found to be a significant mediator (beneficial tool
attitude: lower limit ¼ �.192, upper limit ¼ þ.158; autonomous entity attitude: lower limit ¼ �.136, upper limit ¼ þ.157). This finding
indicates that part of the relationship between social media use and practical computer literacy can be attributed to a decrease in
computer anxiety. More positive attitudes, however, failed to explain the relationship between social media use and practical computer
literacy.4

To further illustrate the main mediation findings, results of a set of regression analyses are reported, following the well-known stepwise
procedure to establish mediation (cf., Baron & Kenny, 1986, see Fig. 1). As outlined earlier (Table 4), social media use was a significant
predictor of both practical computer knowledge, B¼ .68, SEB ¼ .28, b¼ .16, p¼ .02 (path c in Fig. 1), and anxiety B¼�.13, SEB ¼ .05, b¼�.18,
p¼ .01 (path a in Fig. 1). Second, an analysis was conducted that regressed practical computer knowledge on social media use and computer
anxiety. Like in the regression analyses reported above, gender, age, and the computer activities served as controls. In this analysis computer
anxiety predicted practical computer knowledge, B ¼ �1.87, SEB ¼ .38, b ¼ �.31, p < .001 (path b in Fig. 1), and the regression weight for
social media usewas no longer significant B¼ .44, SEB¼ .27, b¼ .10, p> .10 (path c’ in Fig.1). According to the stepwise approach, this pattern
of results indicates that computer anxiety serves as mediating variable of the relationship between social media use and practical computer
literacy. In sum, both, bootstrapping and the series of regression analyses suggest that a reduction of computer anxiety could be a link
between social media use and practical computer knowledge.
4 As an alternative model, we examined whether the relationship between social media use and practical knowledge might be due to both mediators being related in a row
(X/M1/M2/Y, i.e., social media use negatively related to anxiety, anxiety negatively related to positive attitudes, which would be positively related practical literacy in
turn). A bootstrapping analysis (based on the MED3C SPSS macro, cf. Hayes, Preacher, & Myers, 2010) indicated that this mediation model was not supported by the data, as
the 95% confidence interval for the indirect effect using 5000 bootstrap samples included zero (second mediator M2 beneficial tool attitude: lower limit ¼ �.007, upper
limit ¼ þ.005; second mediator M2 autonomous entity attitude: lower limit ¼ �.08, upper limit ¼ þ.10).



Notes. * p < .05; *** p < .001

path c:  = .16* 
path c’:  = .10, p > .10  

Social Media Use Practical Knowledge 

Computer Anxiety path a: 
 = -.18*

path b: 
 = -.31*** 

Fig. 1. The relationships between social media use, computer anxiety, and practical computer knowledge (standardized regression weights). Notes. *p < .05; ***p < .001.
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4. Discussion

4.1. Synopsis

Computer literacy is an important prerequisite to participate in modern societies. The present study was based on the idea that the
amount of time adolescents spend with computer and Internet activities is positively associated with computer literacy. Much of adoles-
cents’ computer and Internet activities take place in their leisure time and a potential acquisition of computer knowledge and skills is likely
not a goal that drives adolescents’ computer game play or use of social media such as Facebook. Nonetheless, computer literacy can be
acquired en passant, without the intention to do so (incidental learning, cf. Marsick & Watkins, 2001) – and more computer literate
adolescents likely find computer and Internet activities more appealing than less computer literate adolescents.

Based on a cross-sectional design, we examined the relationship between different forms of computer and Internet use with computer
literacy measures of practical and theoretical computer knowledge, computer anxiety, and attitudes toward the computer. In line with our
expectations, more frequent use of social media was associated with higher scores on a test of practical computer knowledge. Part of this
relationship could be explained by a negative relationship between social media use and anxiety which was in turn associated with practical
knowledge (mediation). The time spent with video games on the PC/home computer was associated with an increase in computer
knowledge, both practical and theoretical. When the most popular genres were inspected, students who preferred first-person-shooters,
fantasy games, and Facebook-games were those who exhibited stronger practical computer literacy than non-gamers of these genres.
Moreover, playing fantasy games was related to more theoretical computer knowledge and playing shooters was related to less computer
anxiety (these findings were observed when gender, age, and other daily computer activities were statistically controlled for). Regarding the
further computer and Internet activities, programming was negatively correlated with computer anxiety and positively correlated with
theoretical knowledge, and using the computer for school-related work at home was associated with less computer anxiety, more positive,
and less negative attitudes toward the computer. One unanticipated finding was that using the computer at school was unrelated to the
literacy and attitude measures, except for a positive relationship with computer anxiety: Those adolescents who worked a lot with the
computer at school (at least perceived to do so) indicated more fear when using the computer. This finding is noteworthy, but it should be
interpreted with caution. It needs to be replicated, including other regions and for other age samples. Longitudinal studies are of particular
value to examine the direction of this relationship.

4.2. Causality and third variable influence

Amain limitation of the present findings is that a correlational, cross-sectional designwas employed. Thus, the data cannot shed light on
the causal sequence underlying the relationships. The current studywasmotivated by the idea that informalmedia usemay be beneficial for
the development of computer literacy, particularly the development of practical computer literacy. However, adolescents may choose to use
social media more or to play games because they are more computer literate and not afraid of newmedia in the first place. We believe that
these two causal sequences do not contradict each other; rather, the relationship between computer use and computer literacy is conceived
as a reciprocal interaction (cf. Bandura, 1999). Both directions of causal influence may be valid and theymay be interdependent. To establish
causality and to strengthen the role of anxiety as a mediating variable we expect the present study to be a starting point for longitudinal
research, involving at least three times of measurement.

A second limitation of the correlational study design is the potential influence of extraneous variables (third variables). For example,
adolescents’ age, a likely influential third variable, may influence both, computer and Internet activities (e.g., frequency of e-mailing) and
computer literacy (older adolescents outperformyounger adolescents in cognitive abilities, including computer literacy). As a result, a potential
correlation between the Internet activity and literacy could be inflated due to the influence of the third variable age. To reduce the potential
influence of third variables, all results reported (except for the customary table of zero-order correlations) were based on statistical methods
that controlled for the influence of age, gender, and all other computer and Internet activities. Thus, when practical computer knowledge was
regressed on social media use, the relationship was controlled for – among other variables – adolescents’ computer use at school, for their
computer use for doing homework, and for their programming activities. Nonetheless, it needs to benoted thatwe cannot rule out the influence
of extraneous variables we did not assess and therefore could not control statistically, given that the research design was non-experimental.

4.3. A cautionary note on ‘heavy users’

Throughout the paper the computer and Internet use variables were treated as continuous variables. Moreover, we expected linear
relationships between the frequency of computer and Internet activities and computer literacy. No non-linear relationships were
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discovered. The term ‘heavy users’ in this paper’s title reflects one extreme of a continuum, it is not meant to describe a distinct group.
‘Heavy users’ in our sample (those with high scores on the continuous measures) are not equivalent to individuals with compulsive Internet
use (e.g., Meerkerk, Van den Eijnden, Vermulst, & Garretsen, 2009; Van den Eijnden et al., 2008) or pathological video game use (e.g.,
Gentile, 2009). The latter concepts are defined by, among other things, a conflict with others or self-conflict due to computer or Internet use,
and withdrawal symptoms (cf. Subrahmanyam & Smahel, 2011). Previous research showed that problematic Internet use and problematic
gaming are positively related to the frequency of use (e.g., Meerkerk et al., 2009: r ¼ .33; Gentile, 2009: Cohen’s d ¼ .88). It is an open
question, however, whether individuals who suffer from compulsive Internet use and/or pathological gaming obtain higher scores on
measures of practical and/or theoretical computer knowledge.

4.4. Gender differences

In the current study, associations between computer use and computer literacy were similar for boys and girls, as demonstrated by
a lack of interaction effects. However, substantial main effects were observed. Reflecting previous findings (e.g., Holtz & Appel, 2011),
girls spent less time with computer games (except for mobile phone gaming), and their game preferences had little overlap with boys’
preferences. Parlor games, simulations, and Facebook-games were much more popular among girls than among boys whereas the
preferences were reversed for first-person-shooters, action, and fantasy games. Girls used the computer less for entertainment
purposes and programming and more for emailing and schoolwork at home. They also reported on more computer anxiety and were
more likely than boys to perceive the computer as an autonomous entity. Particularly noteworthy are the very large differences
between boys and girls in the computer knowledge scores (ds > 1.15). As we have no indication that this result is due to sampling
issues or any other third variable, the gender difference appears to be important as it points at a digital divide between both genders in
actual ability (Cooper, 2006, but see also Bunz, Curry, & Voon, 2007). Most likely, several factors contribute to this finding. Possibly, one
important factor is stereotype and social identity threat, an aversive psychological state that can arise when individuals face an
evaluative situation which is associated with a negative stereotype for a group the individual belongs to (stereotype threat), or more
generally, the individual feels disregarded due to his or her group status (social identity threat, cf. Appel, 2012; Aronson & McGlone,
2009; Steele, Spencer, & Aronson, 2002). Computer literacy is still considered to be a male-typed proficiency in many countries
worldwide (cf., Volman, van Eck, Heemskerk, & Kuiper, 2005), including Austria where this study was conducted. Thus, stereotype
threat might have impaired women during our knowledge test (Koch et al., 2008; Spencer, Steele, & Quinn, 1999) and in prior
(informal) learning situations (Appel, Kronberger, & Aronson, 2011). Future studies are encouraged to examine the antecedents of the
substantial gender differences in detail. Moreover, more research on the pervasiveness of gender differences in computer knowledge
and abilities is valuable (including its effect sizes), as gender differences in this field may vary with cohorts, age, as well as with the
cultural background.

4.5. Conclusion

Computer and Internet use has become a dominant leisure time activity of adolescents in recent years. This study showed that computer
gaming on a PC/Mac (but not on a console or a mobile phone) as well as using social media (such as Facebook) is associated with more
practical and/or theoretical computer knowledge, whereas the amount of using the computer at school and the amount of using the
computer for school-related work at home were unrelated to these computer literacy dimensions. Gaming and using social media exten-
sively may pose adolescents at risk of developing externalizing and/or internalizing behavior problems – but these activities appear to be
connected to beneficial attributes such as higher computer literacy as well, possibly because these activities reduce the fear to deal with
practical challenges that daily computer use implicates.
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Appendix A

Sample items of the computer literacy inventory INCOBI-R (Richter et al., 2010) – Theoretical Computer Knowledge subscale (TECOWI).
Instruction (excerpt):

Your task for each of the problems is to choose themost likely alternative from the answers provided. If you do not know how to solve the
described problem, do not guess the answer, but check ‘‘I don’t know”. Please read all alternatives closely and then choose your answer, you
have enough time.

“IP Address”
(a) Code for distinct identification of a computer in a network
(b) Code for distinct identification of the memory device on the hard drive
(c) Code for the distinct identification of an information provider on the Internet
(d) Code for distinct identification of an e-mail address on the mail server

I don’t know

“SQL”
(a) Programming language for the presentation of animated graphics
(b) Database language for relational databases
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(c) Structured programming environment for webpages
(d) Protocol for data transfer/transmission via the Internet

I don’t know

“Kernel”
(a) Alternative name for the operating system Linux
(b) Core element of the central processing unit (CPU)
(c) Central component of an operating system
(d) Elementary storage unit for windows files

I don’t know

Appendix B

Sample items of the computer literacy inventory INCOBI-R (Richter et al., 2010) – Practical Computer Knowledge subscale (PRACOWI),
see also Koch et al., 2008.

Instruction (excerpt):
This is a questionnaire about practical computer knowledge (i.e., knowledge that is relevant when you use or work with a computer).

Your task for each of the problems is to choose the most likely alternative from the answers provided. If you do not know how to solve the
described problem, do not guess the answer, but check ‘‘I don’t know”. Please read all alternatives closely and then choose your answer, you
have enough time.

“Your mouse does not work and you want to close the program that is open. What do you do?”
(a) I will close the program pressing the buttons ‘Ctrl’ þ ‘End’. Alternatively the program can be closed pressing the buttons ‘Alt’ þ ‘F 3’
(b) I will close the program pressing the button ‘Ctrl’ and in the meantime pressing the buttons ‘End’ þ ‘Enter’. Alternatively the program

can be closed pressing the buttons ‘Alt’ þ ‘F 6’
(c) I will close the program pressing the buttons ‘Shift’ and ‘End’. Alternatively the program can be closed pressing the buttons ‘Alt’ þ ‘F 5’
(d) I will close the program pressing the button ‘Alt’ and in the meantime pressing the buttons ‘F’ and ‘X’ after each other. Alternatively the

program can be closed pressing the buttons ‘Alt’ þ ‘F 4’
I don’t know

“You receive a document as a zip-archive. What do you do?”
(a) I will open the document as usual using my word processing program
(b) I will unpack the program using Windows data explorer
(c) I will displace the file on my desktop using the mouse – in that way, the program is automatically unpacked
(d) I will change the extension of the file from *.zip to word extension *.doc. Then it becomes possible to open the file in word

I don’t know

“You want to prevent that other people can track your internet behavior. Which action contributes to this goal?”
(a) I access the control panel and I delete the IP-address of my computer under the network connections menu
(b) I access the control panel and I modify the security adjustments that my computer is invisible on the Internet for other users
(c) I delete all cookies and I specify in the adjustments of my web-browser that no cookies must not be accepted
(d) I delete the MAC-address of my computer and I specify in the control panel that no new MAC-addresses must be obtained

I don’t know
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