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Abstract This study examined how knowledge of metacognitive strategies and navigation skills
mediate the relationship between online reading activities and printed reading assessment
(PRA) and electronic reading assessment (ERA) across 19 countries using the PISA
(Programme for International Student Assessment) 2009 database. Participants were 34 104
fifteen-year-old students (female: 50.1%). The results showed that information-seeking
activity, knowledge of metacognitive strategies and navigations skills positively predicted
ERA and PRA. Social reading activities negatively predicted knowledge of metacognitive
strategies and PRA but had no effect on ERA and the navigation skills in most countries.
Increased information-seeking reading resulted in higher ERA and PRA as demonstrated
by navigation skills and knowledge of metacognitive strategies. Gender differences in
online reading engagement were not statistically significant in most countries. However,
girls performed better in knowledge of metacognitive strategies, navigation skills and
PRA but were not significantly better on ERA. Multiple group comparisons of gender
indicated that the hypothesized model held for both boys and girls. Besides the infra-
structure of information and communications technology as a tool to access the cyber
informational space, students should be empowered to use appropriate strategies and navi-
gation skills to achieve their goals. Implications for teaching and learning practices are
discussed.

Keywords gender difference, metacognitive strategy, navigation skill, reading engagement, PISA,
reading literacy.

Since 2000, the Organization for Economic Co-
operation and Development (OECD) has conducted
3-year cycles of assessment of students’ reading, math-
ematics and science literacy through the Programme

for International Student Assessment (PISA). The pre-
dicative power of PISA scores on academic and career
outcomes has been documented (Knighton & Bussiere,
2006; OECD, 2007) and used to inform educational
reform.

In 2009, the main focus of PISA was assessment of
reading literacy, which is an essential skill for people to
acquire new knowledge and survive in an increasingly
global, information-based world. Based on the results
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of previous PISA cycles, girls have been found to dem-
onstrate a consistent advantage in reading ability over
boys (Chiu & McBride-Chang, 2006; Lietz, 2006);
moreover, the overrepresentation of boys in the reading
underperformance group has become an issue requir-
ing closer attention (OECD, 2011a). In the e-learning
era, the concept of reading literacy has evolved and
expanded to include the ability to read both paper- and
web-based materials. Acknowledging the importance
of both forms of reading, PISA administered printed
reading assessments (PRAs) along with electronic
reading assessments (ERAs) in 2009.

What mechanism will help explain reading literacy
in the digital era? Will the gender gap still exist in
ERA? And will gender moderate the relationship
between related factors (such as various online reading
activities, navigation skills and metacognitive strat-
egies) and reading literacy? These are the questions
that drove the current study. Gender differences in PRA
are a worthwhile pursuit in order to find a possible
solution to closing the gender gap, so is an investiga-
tion in ERA.

Printed vs. electronic reading

Printed reading and electronic reading share several
reading strategies, such as planning/goal setting, reread-
ing, monitoring, evaluating and correcting (Akyel &
Erçetin, 2009; Coiro & Dobler, 2007; Winne, 1995).
Research shows that instruction in metacognitive strat-
egies and metacognitive awareness can help students
learn to read better (Boulware-Gooden, Carreker,
Thornhill, & Joshi, 2007). Thus, a positive correlation
has been found between knowledge of metacognitive
strategies and reading literacy (Artelt, Schiefele, &
Schneider, 2001).

However, besides metacognitive awareness and prior
knowledge of the reading content, in a web-based envi-
ronment, readers also need knowledge of the website
structure as well as the search engine in order to be able
to read and glean meaning (Coiro & Dobler, 2007).
These navigation skills are pivotal to Internet reading
because hyperlinks and search functions are the unique
features of reading in a digital environment; however,
at the same time, they are the cause of non-linearity,
which often leads to learner distraction, disorientation
and shallow reading (Akyel & Erçetin, 2009; Birkerts,
2006; Liu, 2005; Mangen, 2008).

Analysing the reading pattern of skilled sixth
graders, Coiro and Dobler (2007) proposed a recursive
cycle of reading pattern in a web-based open environ-
ment. The cycle consisted of four elements: plan, pre-
diction, monitor and evaluation. Readers should have a
goal and build a mental model at first, predict where the
link will lead, monitor after an action is taken and
evaluate the pertinence of the decision (Coiro &
Dobler, 2007). Although this four-part reading cycle is
similar to that used when reading paper-based
materials, the predicting, monitoring and evaluating
parts focus on the uncertainty of what readers will end
up with when they make a decision rather than where
the author of the book (or paper-based material) will
lead them. As such, electronic reading capitalizes on
individual differences in navigational skills, which
involve ‘constantly making a decision on how to
proceed while reading, and monitoring of this process’
(Akyel & Erçetin, 2009, p. 145), and are a reflection of
metacognitive strategies specific to web-based reading.

Online reading activities and reading literacy

Historically, active engagement in reading has been
positively associated with reading literacy (Froiland
& Oros, 2013). In the digital age, different types of
reading activities have emerged and can be broadly
categorized into social and information seeking
(OECD, 2011b). That is, people use different reading
strategies based on the types of reading activities they
engage in, which, in turn, have distinct influences
on their reading in either the printed and digital
environment.

Social reading activities, such as online chatting,
have been found to have an adverse effect on learning
due to its nature to make people distracted (Bowman,
Levine, Waite, & Gendron, 2010; Fox, Rosen, &
Crawford, 2009; Junco & Cotten, 2011). In contrast,
information-seeking activities that involve constant
decision making and monitoring resemble serious
reading tasks and are beneficial to reading comprehen-
sion (Coiro & Dobler, 2007; Lee & Wu, 2012, 2013).

Gender differences in reading literacy and the essen-
tial factors that affect reading ability (e.g., engagement
in online reading, knowledge of metacognitive strat-
egies and navigation skills) as well as the mutual rela-
tionship among these factors form the foundation of the
current research.
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Purpose of the study

In a preliminary analysis of the PISA database, we
found a zero-order correlation of 0.85 on ERA and
PRA for the 19 participating countries. The correlation
between the two variables, when converted to the
concept of variance explained, showed a shared vari-
ance between ERA and PRA of 72%. Our motivation
behind the present study was to explore possible factors
that can explain the common variances in ERA and
PRA and discover possible mediators that account for
the relationship between the various online reading
activities and ERA/PRA. As mentioned previously,
navigation skills are specific to online reading environ-
ment (Akyel & Erçetin, 2009), whereas metacognitive
strategies are universal to both printed and electronic
reading (Coiro & Dobler, 2007). Therefore, we used
metacognitive strategies, specifically self-regulated
learning (Pintrich & De Groot, 1990), as the theoretical
framework for examining how knowledge of meta-
cognitive strategies and online navigation skills
mediate the relationship between online reading activ-
ities and PRA and ERA across 19 countries using the
PISA 2009 database.

The current study was designed to answer the fol-
lowing research questions using structural equation
modeling in an overall model as well as in individual
country models:

1. What are the direct effects of social reading activ-
ities on knowledge of metacognitive strategies,
navigation skills, and ERA and PRA, controlling for
socio-economic status and gender?

2. What are the direct effects of information-seeking
reading activities on knowledge of metacognitive
strategies, navigation skills, and ERA and PRA,
controlling for socio-economic status and gender?

3. What are the direct effects of knowledge of
metacognitive strategies on ERA and PRA, control-
ling for socio-economic status and gender?

4. What are the direct effects of navigation skills on
ERA and PRA, controlling for socio-economic
status and gender?

5. What are the indirect effects of social reading activ-
ities on ERA and PRA, as demonstrated by knowl-
edge of metacognitive strategies and navigation
skills, controlling for socio-economic status and
gender?

6. What are the indirect effects of information-seeking
reading activities on ERA and PRA, as demon-
strated by knowledge of metacognitive strategies
and navigation skills, controlling for socio-
economic status and gender?

Besides testing the hypothesized relationships, we
also examined the moderating effect of gender on
online reading engagement, knowledge of metaco-
gnitive strategies, navigation skills, and PRA and ERA
by asking:

7. What is the gender moderation effect on online
reading engagement, knowledge of metacognitive
strategies, navigation skills, and ERA and PRA,
holding other variables constant?

The hypothesized model is exhibited in Figure 1.

Literature review

Instead of merely describing the relationship between
different online activities and PRA/ERA, we explored
possible mediators that explained the mechanism
behind the relationship and examined moderating
effects on the essential variables that influence reading.
Specifically, we investigated the interplay of navigation
strategies and knowledge of metacognitive strategies
on the relationship between various online reading
activities and reading literacy across 19 countries.

Figure 1 Hypothesized Mediation Model
Note. Inform = Information-Seeking Online Reading Activities;
Social = Social Online Reading Activities; Meta = Perceived Use-
fulness of Metacognitive Strategies; Navi = Navigation Skills;
PRA = Printed Reading Literacy; ERA = Electronic Reading Lit-
eracy. The Effects of Gender (Male = 1, Female = 0) and ESCS on
Mediators and Outcome Variables were Controlled
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The following is a review of the literature related to
metacognitive strategies and reading literacy, naviga-
tion skills and reading literacy, and the gender modera-
tion on these factors.

Metacognitive strategies and reading literacy

Metacognitive strategies are internal psychological
processes that influence readers’ reading comprehen-
sion and are central to self-regulated learning pro-
cesses. Metacognition involves the state of being aware
of one’s thinking along with the control and regula-
tion of one’s cognitive behaviours (Flavell, 1979;
Zimmerman, 2002).

Results of empirical studies have indicated that pro-
ficient readers exert appropriate metacognitive strat-
egies (Lau, 2006; Lau & Chan, 2003). Specifically,
good readers monitor and evaluate the reading process
and regulate reading methods to achieve their reading
purposes. The importance of metacognitive strategies
is also evident in the digital reading environment
(Akyel & Erçetin, 2009; Stadtler & Bromme, 2007).
For example, Jairam and Kiewra (2010) found that
students who used the full SOAR (select, organize,
associate and regulate) strategies had better online
reading scores than those in the control or partial-
strategy groups. In addition, skilled readers performed
better in monitoring their comprehension of questions
and information searching during online task-oriented
reading assignments (Vidal-Abarca, Mañá, & Gil,
2010).

Navigation strategies and reading literacy

In order to read efficiently in a digital environment,
readers need to travel across the nodes in the online
texts effectively, which requires proficient navigation
strategies to access, organize and integrate multiple
sources of information. These strategies were referred
to as ‘advanced navigation strategies’ to distinguish
them from the basic navigation strategies pertaining to
website structure (OECD, 2011b).

At the centre of advanced navigation processes are
frequent self-monitoring and self-regulating of one’s
reading comprehension, which includes the ability
to decide the next move that will lead to relevant
information as well as to access, integrate and evaluate

information from various web pages (Naumann,
Richter, Christmann, & Groeben, 2008; Salmerón &
García, 2011).

Researchers have studied navigation skills in relation
to online reading in terms of navigation types (Barab,
Bowdish, & Lawless, 1997; Bousbia, Rebaï, Labat, &
Balla, 2010), link selection criteria (Salmerón, Kintsch,
& Caãs, 2006a, 2006b), and reading models that contain
navigation and other factors (Naumann et al., 2008;
Salmerón & García, 2011).

For the first category, Lawless, Brown, Mills, and
Mayall (2003) commented that three online reader pro-
files can generally be identified: knowledge seekers,
feature explorers and apathetic users. Knowledge
seekers read the online documents in pursuit of the
content. The feature explorers spent more time inter-
acting with multimedia to know how things work than
with the content. The apathetic users were unmotivated
readers who only did a limited amount of web page
exploration.

For the second category, Salmerón et al. (2006a)
found that the coherence of text representation
was related with reading comprehension based on
the construction-integration model (Kintsch, 1988).
Further, low-knowledge readers following the coher-
ence strategy had better reading comprehension than
those following the interest strategy, but no such effect
was found among intermediate-knowledge readers
(Salmerón et al., 2006b).

Regarding the third category, Naumann et al. (2008)
revealed that navigation skills mediated the relation-
ship between learning strategy training and learning
outcome. Students with high reading ability or working
memory benefited from strategy training as demon-
strated by better navigation behaviour and learning out-
comes, but this effect was not found in students with
low reading ability or working memory. Based on the
assumption of coherence strategy, Salmerón and
García (2011) showed that reading skills predicted
one’s navigation strategy measured in terms of the
cohesion of navigation path, which in turn predicted
reading performance.

The current study followed up on the third category
to explore the mediation effects of knowledge of
metacognitive strategies and navigation skills between
various online reading activities and ERA and PRA.
Besides investigating the general pattern, the 19 indi-
vidual models from participating Asian, European,
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South American and Oceanian countries were exam-
ined to check their congruency with the general pattern.

Gender effect on literacy, metacognitive strategies,
online engagement and navigation skills

Gender differences in reading have been found consist-
ently over the past decades and across geographical
regions (for a review, see Lietz, 2006). For example,
using the 2003 PISA data, Chiu and McBride-Chang
(2006) found that girls had better reading performance
than boys across 41 countries. Evidence from four lon-
gitudinal epidemiology studies also revealed that the
per cent of reading disability was higher in boys with or
without taking IQ into account (Carroll, 2004). Further,
in OECD countries, the gender gap in reading literacy
was especially noticeable in the underperformance
group, where one in eight girls performed below the
baseline proficiency level while one in four boys per-
formed below that level (OECD, 2011a).

Metacognition makes a unique contribution in pro-
cessing difficult texts beyond intelligence (Veenman &
Beishuizen, 2004). Gender differences in choice of
metacognitive strategies may help explain girls’ advan-
tages in reading comprehension. Girls reported more
metacognitive strategy use than boys during reading
(Sheorey & Mokhtari, 2001) and scored higher
on comprehension monitoring (Kolić-Vehovec &
Bajšanski, 2006). However, some research has sug-
gested that even though girls had higher scores in
metacognition than boys, the difference was not statis-
tically significant (Roeschl-Heils, Schneider, & van
Kraayenoord, 2003). This study revisited the gender
difference in knowledge of metacognitive strategies
using the large-scale, high-quality PISA data.

With regard to online engagement, results on gender
differences were mixed. For example, no gender dif-
ference was found in e-mail use, chatting online, web
surfing or information search in a sample of 340 Greek
high school students aged 12–16 (Papastergiou &
Solomonidou, 2005). Nevertheless, Chen and Fu
(2009) found that eighth-grade girls reported using the
Internet more often for both online searching and chat-
ting than boys, even though the frequency of Internet
use for girls was significantly lower than for boys in a
sample of 1409 Taiwanese adolescents. Likewise, Tsai
and Tsai (2010) found that boys had greater intensity of
Internet use than girls; however, boys tended to use the

Internet for explorative purposes whereas girls tended
to use it for communicative purpose. The current study
examined gender differences in online engagement of
social reading and information-seeking activities.

As for navigation skills, gender differences may
be examined in search patterns, actual skills or self-
reported measures. Analysing eighth graders’ search
behaviours, Roy and Chi (2003) found that more boys
than girls preferred horizontal moves by fast scanning
information at an early reading stage, whereas more
girls than boys preferred vertical moves by reading in a
linear sequence between documents. However, stu-
dents with high knowledge gains preferred horizontal
moves regardless of gender. Early scanning on the web
may reflect students’ evaluation strategies to determine
whether information is relevant to the reading topic and
is essential to reading. As for self-reported measures, in
a sample of 324 high school students, Tsai (2009)
evaluated boys and girls’ search strategies in the behav-
ioural, procedural and metacognitive domains. No
gender difference was found in the metacognitive strat-
egy domain but a significant male advantage was found
in Internet control and procedural strategies. Thus,
even though men usually have higher self-assessed web
skills, their actual search results may not be statistically
different from women’s (Hargittai & Shafer, 2006).

As illustrated, the literature on gender difference
in navigation revealed mixed results. Therefore, the
current study examined this issue by using the centred
number of relevant page visited (OECD, 2011b) as an
objective measure of navigation skills.

Method

Sample

The study used the PISA 2009 dataset for analysis.
PISA 2009 utilized two-stage stratified sampling
scheme to collect data. In the first stage, schools with
probabilities proportionate to the number of 15-year-
old students within the schools were selected from a
sampling frame in a comprehensive national school
list. A minimum of 150 schools were chosen in each of
the participating countries. In the second stage, a
random sample of 35 students was selected within par-
ticipating schools. A total of 107 394 students from 19
countries and regions (Korea, Japan, Hong Kong-
China, Macao-China, New Zealand, Australia, Ireland,
Iceland, Sweden, Norway, Belgium, Denmark, France,
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Spain, Poland, Hungary, Austria, Chile and Colombia)
participated in both the PRA and ERA.

Among the 107 394 students, navigation data were
recorded in the log file for only 34 104 students on the
ERA. Therefore, only observations with available navi-
gation data were included in the current analysis,
resulting in a sample of 34 104 students (female:
50.1%).

Materials and instruments

PRA
The PRAs were designed to assess multiple aspects of
reading skills, which may be divided into two groups:
reading process and text composition. The reading
process included three aspects: accessing and retrieving,
integrating and interpreting, reflecting and evaluating.
The text composition consisted of two aspects: continu-
ous texts and non-continuous texts. Continuous texts are
organized from sentences, paragraphs, to sections.
Examples of non-continuous texts are lists, tables,
graphs, diagrams, advertisements and schedules.

We used a combined scale reading score with all five
aspects to evaluate student reading literacy. The PISA-
combined scale had an average score of 500 and a
standard deviation of 100.

ERA
Like the PRA, the ERA also focused on the three
reading processes: accessing and retrieving, integrating
and interpreting, reflecting and evaluating. The ERA
simulates the online reading situation, which requires
students to use their Internet control skills, such as
clicking on a particular link or replying a comment on
the discussion forum, to search for particular informa-
tion or to explore the links that are relevant to the
reading topic. For example, in accessing and retrieving,
students may need to retrieve an answer to the question
from a specific web page without navigating to other
pages. In integrating and interpreting, students may
need to integrate information on different web pages to
develop an explanation. In reflecting and evaluating,
students may consult an additional web document that
is authoritative and trustworthy to support their prefer-
ences on one suggestion over another.

An item pool of 29 digital reading tasks formed three
reading clusters. Each student was administered a
40-min ERA, randomly drawn from two of the three

clusters. The scores on the ERAs and PRAs were
equated with the means within the countries or regions
so that the results could be compared. The mean ERA
score was 499, with a standard deviation of 90 for the
current sample.

Social and information online reading activities
Students’ online activities may be divided into social
reading activities and information-seeking reading
activities. According to OECD (2009a), the former
include reading e-mail and chatting online; the latter
include reading online news, using online dictionaries
or encyclopaedia (e.g., Wikipedia®), searching online
information to learn about a particular topic or search-
ing for practical information online. The online reading
activities were evaluated in terms of frequency of use,
ranging from 1 (I don’t know what it is) to 5 (several
times a day).

Knowledge of metacognitive strategies
Knowledge of metacognitive strategies consisted of
two metacognitive strategy index variables. The index
of summarizing (Metasum) and the index of under-
standing and remembering (Undrem) emphasize
readers’ abilities to monitor, evaluate and integrate
reading materials. The following is a sample item for
Metasum: ‘I read through the text, underlining the most
important sentences, and then I write them in my own
words as a summary.’ Sample item for Undrem is: ‘I
concentrate on the parts of the text that are easy to
understand.’

Students were asked to rate the usefulness of strat-
egies within each index variable. Experts also rated the
usefulness of the strategies. Higher scores on the
indices meant that students’ ratings agreed more with
the experts’ ratings; namely, better knowledge of the
metacognitive strategies.

Navigation skills
The measure of navigation skills was number of visits
to relevant pages recorded in the computer log file
when students were taking the ERA. Twenty-nine
digital reading tasks were organized into three clusters,
and students received two of the three clusters ran-
domly. Therefore, students would not respond to the
same set of digital reading items. To account for the
effect of reading assessment orders and test composi-
tions, we followed the reporting practice of the PISA
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and used the centred number of relevant pages visited,
which is calculated with equal weights to the OECD
countries per test and then subtracted from individual
students’ values, as the indicator of navigation skills in
this study.

The ESCS (economic, social and cultural status)
covariate and the gender moderator
We controlled students’ socio-economic status (ESCS)
and tested the gender-moderating effect for knowledge
of metacognitive strategies, navigation skills, and ERA
and PRA in the hypothesized mediation model. The
state of socio-economic status has been a dominating
factor in student outcomes (White, 1982). This study
controlled for socio-economic status with a focus on
other variables of interest.

Data analysis

The hypothesized model was tested with mediation
analysis (MacKinnon, 2008) using Mplus 6.11
(Muthén & Muthén, 2010). To calculate indirect effects
of social reading and information-seeking reading
activities on PRA and ERA scores, we utilized the
Sobel (1982) test along with the delta method to test
statistical significance (Krull & MacKinnon, 1999,
2001). All data analysis procedures were conducted
following the suggestions of OECD (2009b). We used

sampling weight and replicate weight to correct for
biased parameter estimates and their standardized error
estimates due to the two-stage stratified sampling
schemes (Wu & Kwok, 2012). The plausible values
were also used to approximate each participant’s true
score and ability.

Model fit was determined using root mean square
error of approximation (RMSEA; Steiger, 1998) and
standardized root mean square residual (SRMR; Hu &
Bentler, 1999). The model fit chi-square test and
related model fit indices are not provided because they
were not available for an analysis employing replicate
weights. A reversed model with all paths pointing in
opposite directions from the original model was tested
to examine if the reverse of hypothesized relationship
existed. Besides testing the moderator effect of gender
on the mediators, online engagement, PRA and ERA,
which resembles t-test or mean gender differences, we
also conducted a multigroup comparison to determine
if the hypothesized model was statistically similar for
boys and girls.

Results

This section presents the result for the overall and
individual country mediation models. The correlations
among the observed variables are presented in Table 1.
As illustrated, the proposed mediation model exhibited
adequate model fit with overall data (RMSEA = .063

Table 1. Zero-Order Correlation Among Items, Indices and Observed Variables

1 2 3 4 5 6 7 8 9 10 11 12

1 ESCS –
2 PRA .368** –
3 ERA .405** .850** –
4 Social01 .200** .114** .140** –
5 Social02 .121** −.013* .038** .393** –
6 Inform01 .107** .096** .110** .311** .342** –
7 Inform02 .172** .221** .201** .282** .253** .423** –
8 Inform03 .190** .153** .152** .279** .196** .374** .548** –
9 Inform04 .163** .155** .169** .259** .249** .368** .408** .472** –

10 Metasum .205** .431** .388** .065** −.014* .031** .118** .091** .072** –
11 Undrem .171** .373** .337** .069** −.023** .034** .101** .085** .070** .451** –
12 Navi .262** .623** .683** .146** .088** .109** .230** .156** .161** .321** .269** –

Note. ESCS = students’ economic, social and cultural status; PRA = printed reading literacy; ERA = electronic reading literacy;
Social01 = reading e-mails; Social02 = <chat online> (e.g., MSN®, Microsoft, Redmond, WA, USA); Inform01 = reading online news;
Inform02 = using an online dictionary or encyclopaedia (e.g., Wikipedia); Inform03 = searching online information to learn about a
particular topic; Inform04 = searching for practical information online (e.g., schedules, events, tips, recipes); Metasum = perceived
usefulness of summarizing strategies; Undrem = perceived usefulness of understanding and remembering strategies; Navi = the
centred numbers of the relevant pages visited by students during the digital reading assignment.
*p < .05, **p < .01.
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and SRMR = .063). We provided both standardized and
unstandardized path coefficients in the corresponding
tables for the mediation models, but interpretation of
the result was primarily made using unstandardized
solution so that variables can be interpreted on mean-
ingful metrics. While there were some significant paths
for the reversed hypothesized model, the parameter
estimates were very small in terms of effect size,
ranging from 0 to 0.095. The significant results were
regarded as trivial and may be due to the large sample
size. Therefore, we focused our attention on the
hypothesized model.

Direct effects

Table 2 presents the direct path estimates for the
overall 19 countries. As illustrated, all the hypothesized
direct paths in the overall mediation model were statis-
tically significant except the one from social reading
activities to navigation skills in the overall model
(b = 0.05, SE = .46, p > .05). This finding was not sur-
prising because social reading activities require fewer
navigation skills; therefore, increasing the frequency of
social reading activities will not lead to better naviga-
tion skills.

Across the 19 countries, only the patterns for Korea
and Chile differed from the overall model. Social
reading activities had a negative effect on navigation
skills in Korea (b = −4.02, SE = 1.32, p < .05) whereas
it had a positive effect on navigation skills (b = 2.05,
SE = .06, p < .05) in Chile. Social reading activities
also negatively predicted metacognitive strategy
awareness (b = −.37, SE = .08, p < .05), PRA (b =
−66.65, SE = 14.79, p < .05) and ERA (b = −47.41,
SE = 11.64, p < .05) in the overall model.

In examining these effects across 19 countries, we
found that the individual patterns agreed with the
overall model for social reading on metacognitive strat-
egy and PRA, but the effect on ERA tended to be null
in most countries. That is, 14 out of 19 countries had an
insignificant path from social reading to ERA. On the
other hand, positive direct effects were observed from
information-seeking activities on metacognitive strat-
egies (b = .27, SE = .04, p < .05), navigation skills (b =
2.95, SE = .29, p < .05), PRA (b = 38.44, SE = 5.76,
p < .05) and ERA (b = 27.92, SE = 4.74, p < .05). The
significance pattern was consistent across the partici-
pating countries with few exceptions.

The effects of metacognitive strategies and naviga-
tion skills on the PRA and ERA were all positive and
conformed to the literature on both the overall and the
individual models. Specifically, for every one point
increase in knowledge of metacognitive strategies, stu-
dents’ PRAs increased by 46.20 points (SE = 2.10,
p < .05) and ERAs increased by 36.93 points (SE =
2.91, p < .05). Better navigation skills also led to higher
PRA (b = 3.59, SE = .15, p < .05) and ERA scores
(b = 4.67, SE = .27, p < .05).

Indirect effects

Table 3 exhibits the result for the indirect effects in the
19 countries. We calculated the indirect effects from
social or information-seeking reading activities on the
PRA and ERA via metacognitive strategies or naviga-
tions skills, yielding eight indirect effects. The indirect
effects on the PRA and ERA from social read-
ing activities were negative via metacognitive
strategies (bsocial→meta→PRA = −16.85, SE = 3.52, p <
.05; bsocial→meta→ERA = −13.47, SE = 2.75, p < .05). The
indirect effects on the PRA and ERA from
social reading activities were neutral via naviga-
tion skills (bsocial→navi→PRA = .19, SE = 1.64, p > .05;
bsocial→navi→ERA = .25, SE = 2.15, p > .05). For both direct
and indirect effects, results showed that social reading
activities had either a negative or no effect on the PRA
and ERA in overall and individual country analyses.
The indirect effects on the PRA and ERA from
information-seeking reading activities were positive
via metacognitive strategies (binfo→meta→PRA = 12.55,
SE = 1.47, p < .05; binfo→meta→ERA = 10.03, SE = 1.26,
p < .05). The indirect effects on the PRA and ERA from
information-reading activities were also positive via
navigation skills (binfo→navi→PRA = 10.57, SE = .97,
p < .05; binfo→navi→ERA = 13.78, SE = 1.65, p < .05).
Overall, the results indicated that information-seeking
activities had a positive effect on the ERA or PRA, as
demonstrated by knowledge of metacognitive strat-
egies or navigation skills.

Effects of gender differences and ESCS on online
reading engagement, mediators, and PRA and ERA

We examined the moderating effects of gender on
social or information-reading engagement, knowledge
of metacognitive strategies, navigation skills, and the
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PRA and ERA, holding other variables constant. We
did not find significant gender differences in the scores
of social or information-reading engagement for the
overall 19 countries (for social engagement, b = −0.02,
SE = .01, p = .22; for information engagement, b =
0.01, SE = .02, p = .60). In individual country analyses,
girls were engaged in more online social reading activ-
ities than boys in 4 out of the 19 countries at p = .05
level (bChile = −0.13, SE = .05; bDenmark = −0.11, SE =
.05; bIreland = −0.30, SE = .06; bNewZealand = −0.22, SE =
.06). As for information reading, for 7 out of the 19
countries, we found significant gender differences, but
the results were mixed. Boys in four European coun-
tries tended to be more engaged in information-reading
activities (bDenmark = 0.14, SE = .05, p < .05; bIceland =
0.17, SE = .04, p < .05; bNorway = 0.08, SE = .03,
p < .05; bSweden = 0.08, SE = .03, p < .01) whereas girls
in three Asian and Oceanian countries were more
involved in information-reading activities (bKorea =
−0.11, SE = .05, p < .05; bMacau = −.09, SE = .02, p <
.05; bNewZealand = −0.10, SE = .03, p < .05).

Girls had consistently better knowledge of meta-
cognitive strategies (b = −.28, SE = .02, p < .05), navi-
gation skills (b = −1.27, SE = .18, p < .05) and PRA
(b = −15.42, SE = 1.72, p < .05) than boys. They also
had better ERA scores than boys (b = −4.78, SE = 1.59,
p < .05) in the overall model. Although the negative
path direction was generally consistent in the ERA,
insignificant results were found for 12 out of the 19
countries, indicating that the gender gap in the ERA
may be minimal in most countries, holding other vari-
ables constant.

We also controlled for students’ ESCS in the analy-
sis. Results showed that the higher the ESCS, the
higher the students’ knowledge of metacognitive strat-
egies, navigation skills, and PRA and ERA, holding
everything constant.

Testing model equivalence across genders

To investigate if the hypothesized model was equiva-
lent across gender, we performed additional multiple
group comparisons. Specifically, we compared the con-
strained model, in which girls and boys’ models are the
same in parameter estimates, with the unconstrained
model, in which the parameters in girls and boys’
models are freely estimated.

The model fit statistics for the constrained model
were BIC = 1 723 547.949, RMSEA = 0.061, SRMR =
0.069; for unconstrained model, they were BIC =
1 723 544.278, RMSEA = 0.066, SRMR = 0.068.
Nevertheless, the differences between the fit statistics
(ΔBIC = 3.671, ΔRMSEA = .005 and ΔSRMR = .001)
were trivial (Chen, 2007; Raftery, 1995), indicating that
the hypothesized model was feasible for both girls and
boys.

Discussion and implications for
classroom instruction

The current study tested the effects of various online
activities on two forms of reading assessments and
explored the mechanism that explained the shared vari-
ance in PRA and ERA. The hypothesized pattern was
evaluated and supported with the overall sample as
well as individual country samples. Furthermore, the
gender group comparison suggested that the hypoth-
esized model held for both boys and girls.

By determining the possible mechanism, we will be
able to provide effective interventions and treatments
in the classroom to enhance student reading. The fol-
lowing discussion of the study results will focus on
direct effects, indirect effects, and moderating and con-
trolled effects.

Direct effects

The effect of metacognitive strategies and navigation
skills on reading literacy
Based on the results of the overall and individual
mediation models, we confirmed the effectiveness of
knowledge of metacognitive strategies and navigation
skills on reading literacy. Consequently, we encourage
teachers to provide metacognitive strategy instruction
not only to facilitate students’ reading but also to
promote higher level thinking.

To effectively implement metacognitive instruc-
tion requires a solid pedagogical understanding of
metacognition, which refers to teachers’ understanding
of what is needed to teach students to be metacognitive
(Wilson & Bai, 2010). The instructional content should
include the strategies, how to implement the strategies
and when to apply the strategies (Paris, Lipson, &
Wixson, 1994).

Effective pedagogical practices recommended by
researchers include thinking out loud (Wilhelm, 2001),
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scaffolding (Choi, Land, & Turgeon, 2005; Clark &
Graves, 2005) and debriefing (Leat & Lin, 2003). For
example, Clark and Graves (2005) proposed a model of
scaffolding students’ comprehension before, during
and after reading with moment-to-moment scaffolding
and reciprocal teaching. Leat and Lin (2003) suggested
using debriefing (defined as small-group or whole-
class discussion after learning) to help students con-
sciously extend or explore their learning.

It is essential to recognize that students need time to
apply these strategies during reading and reflect the
adequacy of their use (Wilson & Bai, 2010). Therefore,
teachers should create an environment where students
can put the metacognitive activities into action and
reflect on their thinking (Leat & Lin, 2003). Computer-
based programs can also be used for strategy training.
For example, Sung, Chang, and Huang (2008) devel-
oped the computer-assisted strategy teaching and learn-
ing environment to aid students’ strategy acquisition
and practice in reading electronic texts.

In addition, teachers may consider including the
training of navigation skills as part of their reading
curriculum in recognition of the fact that today’s ado-
lescents are reading on the Internet and that navigation
skills are a key to successful online reading. The strat-
egy of debriefing (Leat & Lin, 2003) may also be used
in navigation training. Activities such as small-group
discussion during or after the online reading session
can be used to encourage the sharing of decision-
making processes and why students choose to click on
a particular link, why they think the particular link will
lead to where they expect to go, and how they can
integrate and reflect on information across different
pages.

The effect of different online reading activities on
metacognitive strategies, navigation skills, and the
PRA and ERA
The social and information-seeking reading activities
had differential effects on metacognitive strategies,
navigation skills, and the PRA and ERA. For example,
information-seeking reading activities had positive
effects on knowledge of metacognitive strategies, navi-
gation skills, and ERA and PRA. When students are
engaged in information-seeking activities, they need to
carefully select the keywords to search, decide on the
relevance of each returned query, predict the content of
unseen pages and integrate information from multiple

web pages. These intense mental activities were con-
stantly recurring whenever students searched to read
and learn online. With the increase in information-
seeking activities, students’ knowledge of meta-
cognitive strategies, navigation skills, and ERA and
PRA increase.

In contrast, social reading activities negatively
impacted students’ metacognitive strategies and PRA,
and had no significant effect on navigation skills. When
students are engaged in social reading activities, such
as chatting online and reading e-mails, they are mainly
sending and returning messages. These automatic rou-
tines have little to do with the improvement of navi-
gation skills. Moreover, students’ knowledge of
metacognitive strategies and literacy scores tended to
deteriorate with increased social reading activities.

Although the effect of social reading activities on
ERA was negative in the overall model, the majority of
countries had a null effect. As a result, the effect of
social reading on ERA warrants more research.

Indirect effects of social and information-seeking
activities on the ERA and PRA

The indirect effects of information-seeking reading
activities on reading literacy shed light on the impor-
tance of the reading curriculum moving towards a
student-centred reading paradigm. The direct effect
told us that reading literacy can improve with better
knowledge of metacognitive strategy and navigation
skills, which can be best taught through embedded
learning activities (Veenman & Beishuizen, 2004).
Moreover, if students are engaged in more information-
seeking activities, their knowledge of metacognitive
strategies and navigation skills will be directly
improved, and reading literacy, whether in print or
digital form, will be promoted indirectly. The engage-
ment in information-seeking activities involves higher
order mental activities, which require students to
control, monitor, integrate and evaluate their online
reading processes.

The implications for classroom practice are to trans-
form the teacher-centred paradigm towards a student-
centred paradigm where students work on project-
based reading activities or topic-specific readings to
construct their unique intertext among multiple web
pages and make sense of the reading materials (Lee,
Waxman, Wu, Michko, & Lin, 2013). Teachers can
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introduce students to online pedagogical tools in their
web-based search project. For instance, the IdeaKeeper
employs explicit representation of each online inquiry
strategy to promote and facilitate students’ planning,
information search, analysing and synthesizing on the
reading topic (Zhang & Quintana, 2012).

Gender differences in online reading engagement,
metacognitive strategies, navigation skills, and ERA
and PRA

We found gender differences in knowledge of
metacognitive strategies, navigation skills, and ERA
and PRA. These results were in line with those of other
research (Kolić-Vehovec & Bajšanski, 2006; Sheorey
& Mokhtari, 2001), showing that girls had better
knowledge of metacognitive strategies. In addition, the
findings in PRA were consistent with prior research,
again exhibiting a female reading prominence (Carroll,
2004; Chiu & McBride-Chang, 2006; Lietz, 2006), but
the gender gap in ERA tended to be smaller and nearly
negligible in most countries in the hypothesized model.

Researchers and practitioners have attempted to
close the gender gap in reading. Therefore, what is
associated with the smaller gender difference found in
this study will be of great importance. Though engage-
ment in reading can predict students’ achievements in
reading (Froiland & Oros, 2013), we did not find
gender differences in social or information-reading
engagement in the overall model. However, based on
Bandura’s (1993) self-efficacy theory, it is possible that
boys’ greater confidence (Durndell & Haag, 2002;
Ring, 1991; Vekiri & Chronaki, 2008) and girls’ higher
anxiety (Cooper, 2006) in the electronic reading envi-
ronment contributed to the smaller gap in ERA. We
recommend that future studies examine whether such
an effect exists.

Research in the online search strategies usually have
found that boys have better self-reported search (or
navigation) skills (Hargittai & Shafer, 2006; Tsai,
2009). But in our study, we observed that girls’ navi-
gation skills, measured in terms of relevant pages
visited, were better than boys’. In a sample of 29
novice, intermediate level, and expert participants,
Tabatabai and Shore (2005) summarized that the key
elements in successful web search included ‘(a) using
clear criteria to evaluate sites, (b) not excessively navi-
gating, (c) reflecting on strategies and monitoring pro-

gress, (d) having background knowledge about
information seeking, and (e) approaching the search
with a good attitude and enjoying the process’ (p. 239).

Among these criteria, metacognitive strategy is a key
component. In our proposed model, the correlation
between navigation skills and knowledge of meta-
cognitive strategies was .38 (p < .01), showing that the
metacognitive strategies and the navigation skills were
modestly and positively correlated so that girls having
better knowledge of metacognitive strategies also
tended to have better navigation skills. Female advan-
tages on these variables lead to better reading literacy.

Conclusion

Reading in the e-learning era encompasses both print
and digital media. Besides the infrastructure of infor-
mation and communications technology as a tool to
access the cyber informational space, students need to
be empowered to use appropriate metacognitive strat-
egies and navigation skills to achieve their reading
goals. The current study emphasized the importance of
knowledge of metacognitive strategies and navigation
skills for student reading; moreover, our results dem-
onstrated that it is essential to provide ample opportu-
nities for students to perform information-seeking
reading activities, which is an incubator for nurturing
metacognitive strategy awareness and navigation skills.
In contrast, social reading activities either had no effect
or negative effect on learning, unless specially
designed for learning purposes (Kabilan, Ahmad, &
Abidin, 2010). Future research should focus on stu-
dents’ reading profiles or a combination of multiple
reading activities on the Internet.
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