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Does Performance in Digital Reading Relate to Computer Game
Playing? A Study of Factor Structure and Gender Patterns in
15-Year-Olds’ Reading Literacy Performance

Maria Rasmusson
Mid Sweden University

Lisbeth Aberg-Bengtsson
University of Boras

Data from a Swedish PISA-sample were used (1) to identify a digital reading factor, (2) to
investigate gender differences in this factor (if found), and (3) to explore how computer
game playing might relate to digital reading performance and gender. The analyses were
conducted with structural equation modeling techniques. In addition to an overall reading
factor, the hypothesized digital reading factor was identified. When the overall reading
performance was taken into account, a relative difference in favor of the boys for
digital reading was indicated. This effect was mediated by a game-playing factor
comprising the amount of time spent on playing computer games. Thus, the boys’
better performance in digital reading was explained by the computer game-playing factor.

Keywords: digital reading literacy, gender differences, computer game playing, the PISA
literacy assessment

In contemporary society, modern communication and information technology is used by
a constantly growing number of people in most countries. Computer and video games, as well
as games on hand-held devices, are widespread and occupy a large part of people’s leisure
time. Students’ use of the new technologies has increased both during school hours and
outside school. For example, on average in 2009, 93% of 15-year-olds in Organisation for
Economic Cooperation and Development (OECD) countries used computers at home,
whereas 71% used them at school. In Sweden, these figures amounted to 98% and 89%,
respectively (Swedish National Agency for Education, 2011). Thus, in addition to traditional
literacy, both the mastery of this new medium and good digital reading skills are becoming
not only of increasing importance, but also a necessity for people worldwide.

In line with this trend, the well-established OECD Programme for International Student
Assessment (PISA) expanded its reading framework to include digital reading, arguing that
the definition of reading literacy in the 21st century needs to encompass both printed and
digital texts (OECD, 2009a). Thus, a digital reading literacy section was offered as an
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option in the international assessment administered in 2009 (henceforth referred to as “PISA
2009”). Digital reading refers to reading that implies navigation and information search in
hypertext; in other words, reading on the Internet. Thus, the reader must be familiar with
explicit and embedded hyperlinks, non-sequential page structures, as well as with global
content representation devices (OECD, 2009a). In the present article, digital reading is
used in this way.

Sweden was one of the countries to include the digital reading section in the assessment to
a subsample of the test takers. The reported general results, as such, as well as the results for
the Swedish sample, follow the oft-found pattern of girls outperforming boys in reading lit-
eracy ability (OECD, 2011). This was the case for both traditional and digital reading. Con-
trolling for traditional reading, though, rendered a relative advantage for boys with respect to
digital reading. However, the rich body of data offered in the OECD survey enables in-depth
studies and more far-reaching analyses. The present article focuses on gender differences in
digital reading performance for the Swedish sample and is conducted with confirmatory
factor analyses and structural equation modeling techniques.

Background

A number of aspects may be relevant to consider when investigating and discussing
digital reading performance and gender issues. Below, research and theories focusing on
demands of particular skills on digital reading (if any) and gender differences in reading per-
formance are brought to the fore, along with the issue of computer habits and digital
performance.

Digital Reading May Demand Particular Skills

A number of studies of digital reading argue that skills and abilities needed for digital
reading are, to some extent, different from those required for traditional reading of printed
text. Leu et al. (2007) compared online and offline reading skills among seventh-grade stu-
dents. From their results, they claim that online and offline reading comprehension does not
seem to be fully isomorphic. This is in line with Coiro’s (2003) arguments that we need to
find new constructs of reading comprehension and that students need to be introduced to
strategies to master these new literacies. According to Coiro (2011):

Skilled online readers move through a complicated process of navigating search engines
and disparate Web site structures and negotiating multiple modes of information and a
diverse range of perspectives. This process involves strategies for determining important
ideas, judging the relevance of those ideas in relation to their purpose, investigating
author credentials, detecting author agendas, and corroborating questionable claims.

(p. 109)

A body of research in the area of digital reading indicates that abilities such as multimodal
literacy, path-finding, IT abilities, inferential reasoning strategies, and self-regulated reading
processes as well as being able to evaluate sources and construct coherent representations of
the content are important to reading performance on the Internet (Coiro, 2011; Coiro &
Dobler, 2007; Rasmusson & Eklund, 2013; Stremse, Braten, & Samuelstuen, 2008).
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The examples above relate to differences between traditional and digital reading. Other
scholars have attended to digital media per se. Already some two decades ago, Kress and
van Leeuwen (1996) stated that the semiotic landscape was changing and that new technol-
ogies give us a visual representation of the world that differs from that in printed pages. They
argued that schools should involve new technologies and a “new literacy” in their curricula in
order to adapt to this new semiotic landscape. In line with this, Gee (2003) raises the issue that
digital texts often are multimodal and include, for instance, pictures, sounds, and videos, as
well as words, and thus demand multiple skills. Consequently, it is important to recognize the
presence of multiple literacies.

Gender Aspects on Reading in Different Semiotic Modes

In the large corpus of research on traditional reading literacy, a reoccurring pattern is that
boys underperform girls in compulsory school (e.g., Asher & Gottman, 1973; Donahue, Fin-
negan, Lutkus, Allen, & Campbell, 2001; Elley, 1994; Gates, 1961; Newkirk, 2000; OECD,
2010; Smith & Wilhelm, 2002; Taube & Munck, 1996; Wagemaker, 1996). This seems to be
the case also for digital reading. For example, some recent studies of PISA data point into this
direction (OECD, 2011; Thomson & De Bortoli, 2012).

However, previous research, some of which will be referred to below, gives us reason to
believe that the gender patterns in reading performance may be more complex and multi-
faceted than an initial analysis of a survey may suggest. A number of research projects
provide a more detailed picture of gender differences in both traditional and digital
reading. For example, it is well known that reading performance is related to motivation,
interest, and attitudes towards reading in general as well as towards particular types of
texts (e.g., Anmarkrud & Braten, 2009; McKenna, Conradi, Lawrence, Jang, & Meyer,
2012; Retelsdorf, Koller, & Moller, 2011). Rosén (2001) analyzing data from the Inter-
national Association for the Evaluation of Educational Achievement Reading Literacy
study for 9- and 14-year-olds, found an expected gender difference in favor of girls in
overall, traditional reading performance but no consistent gender difference in “document
reading” (i.e., the reading of Tables, diagrams etc.).

With respect to digital reading, McKenna et al. (2012) found that middle-school female
students in the USA had more positive attitudes than males toward academic reading in both
digital and print settings. However, concerning recreational reading in a digital setting, the
males were more positive than the females. Furthermore, detailed analyses of the results
from the PISA assessment in 2009 suggest that boys have better digital navigation skills
than girls. Boys also seemed to be more engaged with digital texts than traditional printed
texts (OECD, 2011; Thomson & De Bortoli, 2012). As already touched upon, PISA’s
digital reading assessment also showed that boys had an advantage over girls when print
reading performance was controlled for (OECD, 2011).

Reading Performance and Cognitive Abilities

Both cognitive ability factors in general and gender differences in such factors are fre-
quently researched areas. For instance, it has long since been a well-established outcome of
this research that males tend to perform better than females on tests of visual-spatial ability
(e.g., Bennett, Seashore, & Wesman, 1974; Maccoby & Jacklin, 1974; McGee, 1979).
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Below, pieces of research relating to cognitive abilities, computer games, and reading per-
formance will be reviewed.

Computer game playing related to cognitive abilities.

Three similar research projects from the 1980s and 1990s (McClurg & Chaillé, 1987;
Okagaki & Frensch, 1994; Subrahmanyam & Greenfield, 1994) investigated American stu-
dents’ spatial performance before and after periods of playing computer games. All three
studies rendered similar results—computer games were argued to enhance spatial ability
for both the girls and the boys. Subrahmanyam and Greenfield’s (1994) study also showed
that the gender gap in favor of boys was narrowed.

More recently, Feng, Spence, and Pratt (2007) showed that a group of experienced action-
game players were superior to a group of non-players in spatial selective attention. They
found no gender difference in the players’ group, while there was a statistically significant
difference in favor of the males in the non-players’ group. A follow-up experiment
showed that undergraduates who got practice with a first-person shooter game increased
their performance in a spatial attention test and that females benefited more than males
from the video game practice.

An investigation by Greenfield et al. (1996) indicated that the ability to read images, such
as pictures and diagrams, was enhanced by playing a non-violent computer game. In another
study with a visual focus Greenfield, deWinstanley, Kilpatrick, and Kaye (1994) concluded
that playing computer games may enhance visual attention, that is to say, the ability to keep
track of a lot of different processes at the same time.

The research referred to above makes it reasonable to assume that frequently playing
computer and video games may improve visual-spatial ability as well as visual attention
and the reading of images.

Visual-spatial ability related to digital reading.

Linking visual-spatial ability to web activities in general is common when discussing
digital literacy of different kinds (e.g., Castelli, Colazzo, & Molinari, 1998; Lee, 2007;
Pan et al., 2004; Protopsaltis & Bouki, 2009; Zhang & Salvendy, 2001). Some of these scho-
lars have investigated, in empirical studies, the effect of this ability on literacy in the digital
environment. Lee (2007), testing students, who had used a web-based learning material,
found that students with high spatial ability outperformed students with low spatial ability.

Castelli, Colazzo, and Molinari (1998) studied the phenomenon of disorientation in
hypertext in relation to cognitive abilities among middle-school students. Males who had
higher spatial abilities than females performed better than these females in navigation,
whereas females who achieved better in logical efficiency performed better than the males
on the hypertext tasks. Zhang and Salvendy (2001) investigated the effect of visual-spatial
ability in web information search tasks in two different types of websites. Students with
high visual-spatial ability performed better on the tasks in a conventionally structured
website than the low spatial-ability group. Zhang and Salvendy concluded that spatial
ability plays a role in information search, and that users with low visual-spatial ability
may benefit from visual mediators in a human-centered web structure.
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The studies in the present section indicate that learning from and navigating in digital
environments, such as web pages and hypertext, might benefit from good spatial abilities,
even though other cognitive abilities may compensate for this in particular contexts.

In sum.

Even though there is still a rather modest body of research on digital reading, previous
studies indicate that digital reading partly differs from traditional reading and thus partly
requires different skills. For example, digital reading certainly demands the ability to navigate
through different web pages and the ability to use hyperlinks and navigation tools. It has been
suggested that computer and video game playing might enhance particular cognitive skills
such as visual-spatial ability, which in turn, according to some researchers, might improve
certain aspects of reading and learning from web-based environments.

A number of studies indicate that the picture of gender differences in reading literacy per-
formance is more complex than what is shown by the reoccurring pattern that girls on average
perform better than boys in reading assessments.

Aim

Considering the presentation above, a number of issues assumed to be related to digital
reading can be brought to the fore. First, it has been argued that the abilities required for
digital reading might be somewhat different from those involved in traditional reading. Fol-
lowing up this issue, the present study deals with how performance in digital reading is
related to performance in traditional reading. Second, in PISA 2009, a smaller gender differ-
ence in favor of girls was noticed for digital reading than for traditional reading. The question
that arose was whether this deviation would be possible to validate with a more advanced
methodological approach. Third, in previous research, computer game playing has been
argued to influence visual-spatial ability, on the one hand, and, on the other hand, visual-
spatial ability has been found to affect aspects of web-based activities that are certainly
involved in digital reading. Thus, an interesting thread to be followed is whether the influence
of computer game playing can be related to digital reading performance.

Using data from the PISA 2009 survey, the aim is to investigate the factor structure and
gender patterns in Swedish 15-year-olds’ reading literacy performance and to investigate
computer game playing in relation to digital reading. Three research questions were posed:

e s it possible to identify a digital reading factor in addition to an overall reading
factor?

e How does this factor (if identified) relate to gender?

e (Can time spent on computer game playing explain gender differences (if any) in
digital reading performance?

The results will be discussed in the light of previous research and educational
implications.

Methods

In this section, a description of the PISA data used in the study will be provided, followed
by a presentation of methodological issues and considerations.
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Reading Literacy Assessment in PISA

On each occasion of a PISA administration, one of the three subjects reading literacy,
mathematics, or science appears as the main theme. In 2009, the focus was on reading literacy
and for the first time, a digital reading test was administered as an option in addition to tra-
ditional reading (OECD, 2010). The framework, which applies to both traditional and digital
reading, defines reading literacy as “understanding, using, reflecting on and engaging with
written texts, in order to achieve one’s goals, to develop one’s knowledge and potential,
and to participate in society” (OECD, 2010, p. 37). Thus, PISA has adopted an expanded
concept of text when relating this definition also to digital reading. However, written text
in the digital test differs from traditional print text regarding “physical readability; the
amount of text visible to the reader at any one time; the way different parts of a text and differ-
ent texts are connected with one another through hypertext links” (OECD, 2009a, p. 24).
Considering the design of the tasks in the traditional and the digital sections, the definition
includes written texts and information presented in different kinds of graphic representations.
In PISA 2009, “Traditional reading literacy” and “Digital reading literacy” were tested with
two separate measures.

The traditional literacy assessment part is organized into three broad aspects of reading
that may be regarded as mental strategies. The aspects imply that the students should: (1)
Access and retrieve information in the text, (2) Integrate and interpret what they read, and
(3) Reflect and evaluate, that is to say, stand back from the text and relate it to their own
experience (OECD, 2010, p. 38). Each reading task is designed primarily to assess one of
these three aspects. An Access and retrieve task “can range from locating the details required
by an employer from a job advertisement, to finding a telephone number with several prefix
codes, to finding a particular fact to support or disprove a claim someone has made” (OECD,
2009a, p. 35). Integrate and interpret tasks can imply comparing and contrasting infor-
mation, explaining the order of simple instructions or identifying the main dimensions of a
graph or a table. Other tasks in this category can ask for descriptions of the main character
or setting of a story, identifications of the theme of a literary text, and explanations of pur-
poses or the reading of maps or figures. There are two sub-aspects pointed out within the
Reflect and evaluate category. One concerns the content of texts and the other the form of
texts (OECD, 2009a).

The traditional reading literacy test was part of the two-hour, main-body, paper-based
assessment, which included mathematics and science as well. The reading test consisted of
units with “stimuli,” that is to say, texts to be read, in some cases along with tables, charts, illus-
trations, and so on. Each stimulus covered one, two, or three pages and had two to five related
questions. These questions had different formats. The students were either asked to answer
open-ended or multiple-choice questions, or sometimes to draw the answer in a map or a
picture. Depending on type of task, they had to retrieve, integrate, reflect, or evaluate the infor-
mation. A stimulus together with its tasks formed a unit. A total of 28 units were grouped into
seven clusters. Between one and four reading clusters were placed in one of 13 booklets, along
with science and mathematics clusters in different combinations. Each student was presented
one of these booklets containing a total of four clusters. Thus, due to this rotated design of the
data collection, no student had to solve all tasks and not even the same number of tasks.

The digital reading literacy was assessed in a separate 40-minute, computer-based test.
There were a total of nine units, and each student was assigned six of these in a rotated
design. As in the traditional reading assessment, a unit contained a stimulus (e.g., texts,
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Tables, charts, figures, etc.) but in this case with two to four associated tasks. However, in the
digital reading assessment, the stimulus contained web pages with links. Thus, the student
had to navigate through different hypertext pages to access the information, whereas in the
traditional reading assessment, all stimuli were presented in close connection with the tasks.'

Conducting the Present Study

It is frequently claimed that individuals’ results on cognitive tests are not related to only
one ability. Instead, a number of factors or dimensions at different levels of generality are
proposed. Such hierarchical structures, which may be formulated and set up in different
ways, have for a long time been convincingly argued for by, for example, Carroll (1993)
and Gustafsson (1994). In the present study, nested factor modeling is used. In this alterna-
tive, suggested by Gustafsson and Balke (1993), an overall factor influencing all performance
is related to all observed variables and less general factors are nested within it.

Below, a presentation of the methodological aspects related to factor analyses will be
given before dealing with sample, data, and the preparation of data.

Structural equation modeling and confirmatory factor analysis.

In order to reach the objectives of this study, a confirmatory factor analytic approach
using structural equation modeling techniques was adopted.

When data are clustered, as is the case within the PISA program where students are
sampled by schools, particular caution is needed when conducting the analyses. Students
attending the same school may be affected by, for example, the same environmental factors
and school climate, and they may thus be suspected to be more similar to each other than stu-
dents from an entirely independent sample would have been (e.g., Coleman, 1988).

In the present study, a disaggregated modeling approach, a two-level analysis, is applied
in order to take the sampling design into account, which makes it possible to estimate and
compare the components of variation at the two levels of the data hierarchy (Muthén &
Satorra, 1995).

The present sample.

In a PISA study, a complex two-stage sampling process is used to guarantee that the
samples are representative of the national populations of 15-year-old students (for details,
see OECD, 2010). Prior to sampling, the schools with 15-year-olds in a country are stratified
into a sampling frame with respect to type of school, size, and other characteristics of their
municipalities. Then, in the first stage, the schools are sampled and thereafter, in the
second stage, students within these schools are chosen. Sweden uses 12 stratification vari-
ables building upon the type of school (independent or public) and type of municipality. Fol-
lowing this procedure 4,567 students were selected for the Swedish national sample. All these
students completed the paper and pencil test.

"For further information and released tasks in the two environments, see http://www.oecd.org/pisa/
pisaproducts/pisa-test-questions.htm
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Table 1

Observed Variables Used in the Analysis

Variable label PISA section Description M SE SD

T_ACCESS Traditional Access and retrieve, plausible value 5114 34 101.4
reading

T_INTEGRATE Traditional Integrate and interpret, plausible value 501.0 3.3  100.7
reading

T_REFLECT Traditional Reflect and evaluate, plausible value 509.3 3.5 98.3
reading

DIG_READ Digital reading Composite measure, plausible value 5159 3.5 87.0

ONE_GAME Questionnaire Time spent on playing one-player games on 2.3 0.03 1.2

computer at home
COLL_GAME  Questionnaire Time spent on playing collaborative online games 24 0.03 1.2
on computer at home.

From this larger sample and subsample of approximately 42% of the students (943 boys
and 978 girls from 179 schools) were selected for the computer-based digital reading test. The
Swedish PISA national center that performed the selections used the KeyQuest sampling soft-
ware provided by the Australian Council for Educational Research for the procedure (OECD,
2012). As these 1,921 students constitute the group that took both the traditional print test and
the digital reading test, they were used as subjects in the present study.

Data.

Plausible values” from PISA 2009 for students’ performance on the three aspects of tra-
ditional reading plus the one on the digital reading are used as observed variables in the
present study in addition to two questions from the questionnaire (Table 1 gives an overview
of these variables as well as an account of descriptive statistics). The reliability estimates for
the reading measures in the Swedish sample were 0.91 for T_ACCESS, 0.91 for T_INTE-
GRATE, 0.92 for T_REFLECT, and 0.90 for DIG_READ (OECD, 2012).

The questions from the questionnaire provide information about time spent at the com-
puter, playing one-player games, and collaborative online games. The students were asked,
“How often do you use a computer for following activities at home? (a) Play one-player
games (b) Play collaborative online games.” For each question, one of the following four
alternatives was to be chosen: “Never or hardly ever; Once or twice a month; Once or
twice a week; Every day or almost every day.”

As these measures build upon the students’ own reports, it can, on the one hand, be
argued that they may be rather imprecise. On the other hand, playing games on the computer
is something that engages many students, and they do probably have a rather good idea of
how much time they spend on such activities.

2When computing a plausible value, a mathematical distribution around a reported value is first cal-
culated and then each observation is assigned a set of random values drawn from this distribution
(OECD, 2009b). Such a procedure reduces errors in the analysis on the population level, which, in
accordance with the aim of such surveys, is valued higher than reducing errors on the individual level.
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Preparing data for analysis.

In addition to the Mplus 7 estimation program (Muthén & Muthén, 2012), the STREAMS
3.0.5 modeling environment (Gustafsson & Stahle, 2005) was used. The data imputation
command in Mplus can handle more than one plausible value at a time in a correct way.
Thus, in order to obtain accurate standard errors, this option was used to create five data
sets with plausible values for the analysis. Weights are used according to common practice
in analysis of PISA data (Asparouhov, 2009).

Because all students receive plausible values for the three traditional reading aspects and
for their digital reading performance, the reading variables are not missing any data. With
regard to the two questions about computer habits from the questionnaire used in analysis,
a small number of students left out one or both of them. For the ONE_GAME variable,
the attrition was 57 answers, and for the COLL_GAME variable, it was 47 (i.e., 3% and
2%, respectively). Because the option in Mplus (Muthén & Muthén, 2012) to impute
missing values in accordance with missing data theory was used, all 1,921 subjects were
included in the analysis.

Analysis and Results

In the presentation below, latent variables or factors (i.e., unobservable constructs) are
denoted by letters in italics and the manifest (i.e., the observed) variables by upper-case
letters. In the figures, the manifest variables are illustrated by rectangles and latent variables
by ovals. One-way arrows point out one-way relationships starting at the independent vari-
able, whereas two-way bent arrows indicate covariance. Residuals are denoted by amper-
sands in the hypothesized model.

The testing of models was accomplished with the Mplus 7 program (Muthén &
Muthén, 2012) using the maximum likelithood parameter estimator with the options
“two-level complex analysis” and “data imputation.” The presentation below follows
the stepwise process in which the analysis was conducted. This is, on the whole, in line
with the three research questions. However, we will begin by introducing the hypothesized
model.

The Hypothesized Model

In accordance with the conventions of confirmatory factor analysis, a model was hypoth-
esized from previous knowledge and theoretically well-grounded assumptions. This model
(presented in Figure 1) includes two latent ability factors. An overall reading-ability factor,
Overall reading, was assumed to influence all reading performances and was related to the
three manifest variables corresponding to the three aspects of traditional reading
(T_ACCESS, T_INTEGRATE and T_REFLECT) and to the manifest variable for digital
reading (DIG_READ).

A second latent variable Digital reading nested within Overall reading was assumed to
underlie digital reading performance and was only related to the digital reading variable. In
addition to the four observed variables from the literacy tests, the two questions from the stu-
dents’ questionnaire ONE_GAME and COLL_GAME (with information about how much
time the students spent on playing computer games at home) were included in the hypoth-
esized model as manifest variables.
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Overall reading
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COLL_GAME
&

Figure 1. The hypothesized model on student-level. Standardized values.

The third latent variable Play was related to these two variables. In addition, this latter
factor Play was assumed to influence the digital reading ability factor Digital reading. As
gender differences were in focus in the analysis, a manifest gender variable (GEND) was
related to these three factors.

The Measurement Model

A measurement model where the four manifest variables T_ACCESS, T_INTEGRATE,
T_REFLECT and DIG_READ were assumed to load on the latent overall reading literacy
factor Overall reading was set up and computed in the first step. At this stage of the analysis,
no decomposition of variance between group and individual levels was yet conducted. The
factor loadings, which are the relationships between the manifest variables and the factor,
were substantial and the model fit was good: ¥*(2) = 1.34, RMSEA = .00, CFI = 1.00, and
TLI = 1.00. See Figure 2 for factor loadings and residuals.

Identifying a Nested Digital Reading Factor

Next, the measurement model was expanded by including the digital reading literacy
factor Digital reading nested within the overall reading literacy factor Overall reading.
This model uses the residual in the manifest digital reading variable (DIG_READ) to
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.10 T_ACCESS

.05 T_INTEGRATE

Overall reading

9 ~a| T_REFLECT

30 DIG_READ

Figure 2. The measurement model. All relationships are statistically significant. Standardized values.

establish a latent digital-reading factor Digital reading related to one manifest variable only.
For the observed variable DIG_READ, the reliability measure obtained from the OECD
(2012) report was used, in addition to the variance from the STREAMS estimation, to sep-
arate the residual variance from the systematic variance. The calculations were conducted
from the total variance for the present one-level model, and from the student-level part of
the decomposed variance for the two-level models below. As the residual for DIG_READ
was thus specified in the models, a relatively unbiased estimate was obtained for the latent
Digital reading variable.

The model estimation shows a substantial standardized factor loading (0.47) for
DIG_READ on Digital reading and a good fit: x2(2) = 1.34, RMSEA = .00, CFI = 1.00,
and TLI = 1.00. The standardized factor loadings achieved for the other relationships of
this model were the same as those in the measurement model and statistically significant.
This indicates that the model works well.

Decomposing Within- and Between-Group Variances

Intraclass correlations were computed and found to be substantial, ranging between .17
and .20 for the three aspects related to traditional reading, and amounting to .24 for the
digital reading measurement. Consequently, the amount of variance related to the school
level was impossible to ignore. However, as only the individual level was of interest in
our study, the school-level variance was separated out by simply allowing the manifest vari-
ables on the second level to co-vary, when, henceforth in the analysis, computing two-level
models. The two-factor model above rendered a decent fit (x*[2] = 5.27, RMSEA = .03, CFI =
0.99, TLI = 0.99) when converted into a two-level model in this vein. The factor loadings
differed only marginally from those in the previous models.

Relating Gender to the Reading Factors

At this stage of the analysis, the gender variable GEND was introduced. This variable was
dichotomously coded, with the girls given the value one and the boys set to zero. Initially, in
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Figure 3. The student-level part of the two-level model. All relationships are statistically significant.
Standardized values.

accordance with our hypothesized model, GEND was related to the Overall reading and
Digital reading factors. However, even though the relationships between GEND and the
factors were statistically significant with values, standardized on Y, of 0.26 and -0.09,
respectively, the model fit was poor (x°[4] = 92.20, RMSEA = .11, CFI = 0.99, and TLI =
0.95), which indicated that there were gender differences still not accounted for. As a conse-
quence, a modification of the model was necessary.

It was found that the model fit was improved by relating gender to the manifest variable
T_INTEGRATE. Thus, in this phase, the analysis was not genuinely confirmatory but, rather,
what Joreskog and Sorbom (1993) label “model generating.” This modified model showed a
satisfying fit (x*[3] = 11.93, RMSEA = .04, CFI = 1.00, and TLI = 0.99).

As can be seen in Figure 3, a substantial gender difference in favor of girls was found in
the overall reading literacy performance Overall reading. However, with this taken into
account, the boys performed better in digital reading and with regard to the “integrate and
interpret” aspect in traditional reading (T_INTEGRATE). The correlations were 0.29 (¢ =
25.1) between GEND and Overall reading, and -0.15 (¢+ = 3.2) between GEND and
Digital reading. The correlation between GEND and T_INTEGRATE was 0.08 (z = -7.2).
The values in Figure 3 and 4 are standardized on both X and Y but they were the same
when standardizing on Y only.

Mediating the Gender Effect in Digital Reading Performance With a Playing Factor

In line with the hypothesis, the two questions, ONE_GAME and COLL_GAME, from
the students’ questionnaire were added to the model and set to load on the factor Play.
This factor was, in turn, set to influence the digital reading factor Digital reading. The
gender variable was related to the three factors. This model rendered good fit indices:
x*(11) = 33.01, RMSEA = .03, CFI = 0.99, and TLI = 0.99. As can be gathered from
Figure 4, there was an indirect effect by gender on Digital reading via the Play factor
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Figure 4. The student-level in the three-factor model. The dagger indicates a non-significant value.
Standardized values.

replacing the previously obtained relationship between gender and Digital reading. Stated
differently, the gender difference in favor of boys with respect to digital reading literacy in
the previous model was perfectly mediated by time spent on playing computer games in
this final model, even though, the direct effect size for this path was relatively small. The cor-
relation between GEND and Play amounted to -0.63 (¢ = -23.8), and between Play and
Digital reading it was 0.18 (¢t = 2.43). The standardized indirect effect size for the path
GEND-Play-Digital reading was -0.09 (¢t = -3.29), when estimated using bootstrapping as
suggested by Preacher and Hayes (2008). When the mediating factor was added, the path
from GEND to Digital reading became insignificant and rendered the value -0.04 (¢ = -0.78).

In Sum

We investigated the gender differences in reading literacy performance with a focus on
digital reading for the Swedish sample of PISA 2009 by using the structural equation
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modeling technique. In addition to an overall reading factor, a digital reading factor was
identified to explain a minor part of the variance.

In our initial computations, the expected and frequently reported difference in favor of
girls in overall reading performance was verified. However, when this overall performance
was taken into account, there was a significant, relative difference in favor of boys for
digital reading, which is in line with earlier studies on this data conducted with less elaborated
techniques (OECD, 2011). When further investigating this latter effect, we found that it was
perfectly mediated by the game-playing factor. This means that the boys’ (relatively seen)
better performance in digital reading was explained by the playing factor related to the
amount of time spent on one-player games and collaborative games.

Concluding Discussion

The aim of the present study was to investigate the factor structure and gender patterns in
Swedish 15-year-olds’ reading literacy performance using data from the PISA 2009 survey.
In this section, the results are first interpreted in the light of previous research. Then some
possible implications for education are pointed out before final remarks are made.

The set-up and testing of a particular digital reading factor nested within an overall
reading dimension stemmed from an assumption that more complicated processes of naviga-
tion might be involved in the digital reading assessment of the PISA 2009 survey compared to
those involved in the traditional reading test. This hypothesis of ours was partly based on sug-
gestions proposed in reports of previous research (e.g., Coiro, 2003; Leu et al., 2007) that
demands on digital reading ability might not be fully isomorphic with those on traditional
reading. In addition, we observed that the digital reading assessment of the PISA 2009
survey included elements unique for the particular digital environment constructed for this
part of the test, elements that had no correspondence in the traditional printed test. This
raised questions about if these unique elements and the digital environment require particular
skills additional to those needed in traditional print reading. The identification of the digital
reading factor in the analysis makes us propose a cautious interpretation that such additional
demands might be involved in digital reading.

One tentative explanation of this result is that visual-spatial skills may be involved to a
larger extent in digital reading compared to traditional reading. They can, for instance, be
assumed to promote certain aspects of digital reading such as the managing of non-sequential
page structures and navigating in hypertexts. This way of reasoning is in line with, and sup-
ported by, some previous studies reviewed in the background section (e.g., Castelli, Colazzo,
& Molinari, 1998; Lee, 2007; Zhang & Salvendy, 2001). However, it seems reasonable to
believe that not only cognitive aspects but also contextual and emotional components like
interest and attitudes towards the medium may affect students’ performance (cf., Anmarkrud
& Briaten, 2009; McKenna et al., 2012; Retelsdorf et al., 2011).

Our second research question deals with gender differences in the two reading tests. The
result that the girls would outperform the boys in overall reading performance was, of course,
expected not only from the analysis of the larger national sample reported by the OECD
(2010), but also from a substantial body of national and international research on gender
differences in reading performance. In addition, the lessening gap between males and
females, when it comes to digital reading, was verified in our analysis. However, as this
effect was perfectly mediated by the factor related to time spent playing computer games,
we will return to this issue later, along with the third research question. The fact that a
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difference to the boys’ advantage was found in the “integrate and interpret” aspect of tra-
ditional reading is noteworthy, and the reason for this can only be speculated upon.
However, the picking up of information from graphic representations like diagrams, maps,
and so on is, to some extent, included in this aspect. The supposition that this may be of
importance is based on research on the Swedish Scholastic Aptitude Test, where it is well
known that males perform better than females on the Diagram, Tables, and Maps (DTM)
test (e.g., Aberg-Bengtsson, 1999, 2005). It does not seem too far-fetched to presume that
this has to do with gender differences in visual-spatial ability, although Aberg-Bengtsson
found a quantitative or numeric factor to also be involved.

In our third research question, we address the issue of playing computer games and
gender differences in digital reading performance. Our results show, on the one hand, that
the students’ performance on digital reading was related to time spent on playing computer
games and, on the other hand, that boys performed somewhat better than girls with regard to
digital reading when overall reading was controlled for. Even though the effects were rather
small, it is a most interesting finding, that the boys’ relatively better performance in this
respect—a result also noted in the OECD (2010) report—was perfectly mediated by the com-
puter game-playing factor. Tentatively this implies that, at least to some extent, computer
game playing may enhance digital reading performance. Obviously, there are several plaus-
ible explanations to this. If accepting that visual-spatial ability may be involved in the digital
reading factor and boys’ well-documented higher spatial ability (e.g., Bennett et al., 1974;
Maccoby & Jacklin, 1974; McGee, 1979) this would explain the boys’ better performance
in digital reading before adding the Play factor. The fact that this effect was mediated by
time spent on computer games may be explained by results from previous research that
visual-spatial ability not only relates to, but is also enhanced by, playing computer games
(McClurg & Chaillé, 1987; Okagaki & Frensch, 1994; Subrahmanyam & Greenfield,
1994). Perhaps the boys have acquired additional visual-spatial skills by playing computer
games to a greater extent than girls.

It is not unlikely that there may be spiraling effects involved, working in several direc-
tions. Maybe, the boys’ better visual-spatial abilities promote their interest in playing com-
puter games, which, in turn, may enhance their visual-spatial abilities. To our knowledge,
however, no one has studied if persons who already have good visual-spatial skills
become more interested in computer games. The possibility that boys had more experience
and interest in visiting different game sites on the Internet, and thus simply felt more comfor-
table with the environment offered in the digital test, is an additional explanation to be con-
sidered. This is in line with the suggestions by McKenna et al. (2012) that the attitude towards
the medium and the type of text is of importance for the performance. Still another expla-
nation for the fact that time spent playing computer games was found to influence digital
reading performance and might affect the ability to read images per se. Greenfield (1996),
for instance, has suggested that playing computer games enhances image-reading skills.
Other researchers have argued that the making of the meaning of a variety of semiotic
modes, among other things the ability to read images, is an important part of digital
reading (Kress & Van Leeuwen, 1996; Rasmusson & Eklund, 2013).

Implications for Education

The use of the Internet has increased remarkably among Swedish youngsters during the
past decade. This increase is larger among boys than among girls. During the same period, the
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reading of books has decreased, but not as much as the use of other media such as newspa-
pers, radio, and video. To improve students’ reading ability (in general) and boys’ reading
ability (in particular) is an important issue for education. It is well known that the reading
of books improves reading literacy. It seems as if the activities on the Internet, often charac-
terized by the reading of shorter texts, do not enhance traditional reading skills in the same
way as longer and more coherent texts. It is possible to see these new reading habits from two
different perspectives.

From one point of view, the school has a mission to educate and prepare the students for a
working life as fully functional members of the society. Being able to read longer texts, for
example novels, and thus connect with their cultural heritage, is traditionally considered valu-
able. From another point of view, altered reading competencies are new necessities required
in contemporary society. Quick cursory readings, and the ability to navigate, integrate and
evaluate shorter texts, demanded by the new technologies must be mastered by all and every-
one and are thus a mission for the educational system. Some implications for education would
be to adapt the curriculum, the teachings, and the assessments in line with these new
demands. To date, the Swedish schools offer a very limited instruction in digital reading.

A Final Remark

The research presented here has certain limitations. What we have labeled digital reading
refers to one particular kind of reading on the Internet measuring aspects that are brought to
the fore in the PISA 2009 assessment. Our analysis should be read with this in mind. Further-
more, only two questions from the students’ questionnaire address computer habits and both
concern time spent on computer games.

The possible explanations to the effect of computer game playing on digital reading found
in the present study and reflected upon above, all build upon indirect extrapolations of
research on, for instance, computer games or experience in computer environments, on the
one hand, and visual-spatial abilities, the reading of images, and so on, on the other.
Obviously, as there is a lack in the PISA data of, for instance, a measure of visual-spatial abil-
ities and much of our argumentation builds upon the boys’ oft-reported better performance in
this respect, this delimits our study. Thus, further studies targeted more directly towards
investigating the relationships between computer habits, cognitive abilities, and digital
reading abilities are certainly asked for, in addition to the more obvious issue of demands
on digital reading literacy in contemporary society.
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