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Abstract—This study explores the moderation effect of the information and
communication technology (ICT) on the association between students’ socioeconomic status and their reading achievement. In total, 9,596 samples of 15 years
old from 268 schools in mainland China are drawn from the latest wave of the
public database -- Program for International Student Assessment (PISA) 2015.
This study applies the moderation model in multiple regression analysis to respectively analyze the moderation effect of 2 composite variables of students’
ICT use, i.e., ICT use for schoolwork and ICT use for leisure. Two significant
results are reported: (1) students’ ICT use for schoolwork or for leisure can
moderate the relationship between their socioeconomic status and their reading
achievement; (2) the high-level ICT use for schoolwork or for leisure may narrow the gap in students’ reading achievement caused by different socioeconomic status deduced from the buffering moderation effect of the moderating variables. These findings might provide insights to future studies in educational
equality promotion, infrastructure construction and pedagogy improvement in
reading education.
Keywords—Moderation effect, ICT use, reading achievement, PISA

1

Introduction

Educational equality is at a high priority in the informational-based society because
it signifies a transformation in the effective educational system [1]. Reading education
is taken as an essential link in equalizing educational opportunities [2]. A large number of efforts have been made by researchers, educators and policymakers; however,
the reading achievement gap remains an alarming problem globally, which may be
caused by factors at the student, family, school, and country levels [3]. By examining
30 international large-scale assessments over 51 years, Chmielewski (2017) finds that
socioeconomic achievement gap has increased globally [4]. In particular, students’
household economic, social and cultural status (ESES) is a key factor for the disparity
in their reading achievement [5-7]. Thus, many countries or economies have integrated information and communication technology (ICT) into teaching and learning since
ICT makes it possible to share educational resources and provide equal educational
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opportunities globally [8-9]. Although this implementation appears to provide an
opportunity for low-performing readers to catch up with the high-performing readers,
the OECD’s report in 2015 suggested a nonsignificant correlation between ICT for
educational purposes and students’ improved reading literacy [10]. Therefore, this
study aims to explore how ICT use moderates the relationship between students’ socioeconomic status and their reading achievement.
1.1

The interplay between students’ socioeconomic status and their reading
achievement in PISA

The Program for International Student Assessment (PISA) is an international largescale assessment that has made a significant contribution to educational research and
policy-making. PISA is a triennial assessment developed by OECD, which evaluates
reading, science, and mathematics achievements among 15-year-olds from participating countries/economies since 2000. Researchers have made great efforts to investigate the impact factors of students’ reading performances in PISA. Among these factors, the socioeconomic status index derived from parents’ education, parents’ occupation, and the possessions at home seem to be a consistent cause for the reading
achievement gap. Both the componential indicators and the composite index have
been analyzed to examine the influence of students’ socioeconomic status on their
reading achievement. Barely no difference is detected in the variance explanation of
the two models. For instance, based on Australian participants in PISA 2003, Polidano, Hanel and Buddelmeyer [6] found that students with low socioeconomic status
fall behind those with high socioeconomic status by about 15% decrease in reading
achievements, In PISA 2009, the index of socioeconomic status was positively correlated with students’ reading achievement in all participating economies, in which a
one-point increase in the socioeconomic status brings a score improvement varying
from 25 (Mexico) to 52 (New Zealand) in OECD countries [11]. Meanwhile, this
positive association was also testified in a PISA-plus study [7]. Moreover, a stable
positive association between students’ socioeconomic status and their reading performance has been found in a longitudinal study conducted in four European countries
(France, Germany, Sweden and the United Kingdom) with proximal culture across
five PISA waves (2000–2012) [5]. Therefore, abundant literature has confirmed that
the higher the students’ socioeconomic status is, the better their reading performances
are.
1.2

The association between students’ socioeconomic status and ICT use

Students’ socioeconomic status not only relates to their academic achievement, but
also associates with their ICT access and ICT use, as students coming from the advantaged and the disadvantaged socioeconomic background may respond to the same
technology in different ways [12-13]. This problem has also been brought up in the
issue of the digital divide. Traditionally, the digital divide describes a gap in terms of
access to computers and connection to the Internet [14]. Previous studies show that
higher socioeconomic status index predicts more ICT access and better ICT equip-
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ment; for example, students with higher socioeconomic status often have better digital
media possession of ICT equipment and access in Brussels [15]. Gradually, with the
broadband Internet access becomes prevalent and the digital devices become common, the focus of the digital divide issue shifts to the usage gap, i.e., differences in
using ICT [16]. Researchers have found that students from different socioeconomic
backgrounds usually have different degrees of ICT use. It finds that ICT use in the
advantaged socioeconomic environment (urban areas) is 35% higher than those in the
disadvantaged socioeconomic environment (rural areas) which is mainly influenced
by students’ ICT self-efficacy [17]. In addition, researchers tend to classify ICT use in
more detailed ways in recent years. In particular, students’ various ICT usage types,
including commercial transaction, gaming, information, leisure, news, personal development and social interaction, are examined and classified into schoolwork and leisure purposes based on PISA 2015 ICT familiarity questionnaire [18].
1.3

The association between students’ socioeconomic status and ICT use

In PISA, the impact of ICT on students’ reading achievement remains controversial
with different variables and methods utilized. In detail, where ICT is used has been
identified in the previous literature as a consistent contextual factor. In PISA, two
contexts of ICT use are identified, i.e., at school and at home. The results of the surveys on the use of ICT at school are complex. Specifically, an inverted U-shaped
association is found between school ICT use and student’ reading achievements,
which indicates that the intense use of ICT at school may reverse the initial positive
influence on reading achievement based on PISA participating countries in 2000 [19].
However, the influence of ICT use at school is recognized as negative on students’
reading performance in PISA 2012 [20-21]. With regard to ICT is used at home, different purposes are taken into consideration, i.e., for schoolwork or for social entertainment. Specifically, the dimension of schoolwork includes browsing the Internet
for essays, presentations, or for finding explanations, using e-mails for communicating with classmates on homework, downloading materials from school’s website,
etc.; the dimension of social entertainment involves collaborative gaming, accessing
e-mail, and using social media. Some researchers have found that online activities at
home for schoolwork increase students’ reading achievements, while leisure activities
decrease it [19-22]. In the meanwhile, some scholars later argue that ICT use for social entertainment at home positively influences students’ reading performance [20].
1.4

Research questions

Based on the above-reviewed literature, the relationship between students’ socioeconomic status, ICT use and reading achievement can be illustrated as follows: the
association between students’ socioeconomic status and their reading achievement
indicates a reading achievement gap. Meanwhile, the relationship between students’
socioeconomic status and their ICT use embodies a digital divide. Albeit an undefined
relationship between students’ ICT use and their reading achievement, the significant
correlation between them has been confirmed in most studies. According to the theo-
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retical premise of formulated by Figure 1, this study aims to clarify this relationship
by examining two research questions: (1) whether students’ ICT use can moderate the
relationship between their socioeconomic status and reading achievement? (2) if the
research question 1 is proven true, what is the strength or direction of this moderation
effect?

2

Methodology

2.1

Participants

The

sample

was

retrieved

from

the

PISA

2015

dataset

(URL:

http://www.oecd.org/pisa/data/2015database/), which is the latest PISA dataset released in

December 2017. In PISA 2015, only four provinces, i.e., Beijing, Shanghai, Jiangsu
and Guangdong (B-S-J-G), took the assessment in China. Therefore, 9,596 participants with balanced ratios of boys (52.48%) and girls (47.52%) from 268 schools in
mainland China B-S-J-G regions were selected as samples in this study. Data of the
samples’ demographic information and ICT use outside school information were
retrieved from PISA 2015 student questionnaire and ICT familiarity questionnaire
using Python 3.5.
2.2

The moderation effect analysis

The moderation model: Conceptually, in multiple regression analysis, moderation
occurs when the “boundary association” between two variables and “depends on a
third variable” [23]. The third variable refers to the moderator variable, which can be
either categorical (e.g., sex) or continuous (e.g., age). The moderator variable (M)
affects the direction or strength of the relationship between the independent (X) and
the dependent variables (Y). Figure 1 shows the simple moderation effect with a single moderator.

Fig. 1. The conceptual diagram of the simple moderation model with a single moderator adopted from @2013 Andrew F. Hayes, http://www.afhayes.com/

In this study, the independent variable was students’ socioeconomic status (ESCS);
the independent relationship was their reading scores, and the moderator variables
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were the ICT use indexes. In the ICT familiarity questionnaire of PISA 2015, ICT use
indexes involve two contexts, i.e., at school and at home. Considering that the independent variable ESCS was a derived variable drawn from items mainly concerning
students’ household economic condition. In addition, only the ICT use at home indexes captured two purposes of ICT use, in particular, ICT use for school work
(HOMESCH) and ICT use for leisure (ENTUSE), which was more comprehensive
compared with the ICT use at school index. Therefore, students’ ICT use at home
indexes were selected as the independent variables. In the meanwhile, gender
(ST004D01T) was included as a controlling variable. Table 1 illustrates the variables
included in this moderation model.
Table 1. The description of variables in PISA 2015
Variables
ESCS
HOMESCH
ENTUSE
ST004D01T
PVREAD

Description
Independent variable
Index of students’ household economic, social and cultural status
Moderator variables
ICT use for schoolwork
ICT use for leisure
Controlling variable
Students gender
Dependent variable
Students reading score

Note. Variables were obtained from PISA 2015 technical report [24]

Statistically, to quantify the moderation effect in multiple regression analyses, the
interaction between the independent variable (X) and the hypothesized moderator
variable (M) is added to the model which regresses the dependent variable (Y) on the
independent variable (X). The moderation effect is measured by evaluating the parameter estimate for the interaction of the independent variable (X) and the moderator
variable (M). Meanwhile, the association between the independent variable (X) and
the dependent variable (Y), the moderator variable (M) and the dependent variable
(Y) must also be checked to assure the valid moderation effect.
In this study, if the moderation effect does exist, three hypotheses must be testified
in the moderation statistical model. In detail, Hypothesis 1: Students’ socioeconomic
status (X) is significantly correlated with their reading score (Y); Hypothesis 2: Students’ ICT use for schoolwork or for leisure (M) is significantly correlated with the
dependent variable (Y); Hypothesis 3: The moderation effect of students’ ICT use for
schoolwork or for leisure (M) on the relationship between their socioeconomic status
(X) and their reading score (Y) is significant. Hypothesis 1 is the premise for Hypothesis 3. Hypothesis 3 can be true even if Hypothesis 2 is false.
The equation for the moderation model is:
𝑌" = (𝑏& + 𝑏( 𝐴" + 𝑏* 𝐵" + 𝑏, 𝐴𝐵" ) + 𝜀"

(1)

In this study, this equation is specified as:
𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑠𝑐𝑜𝑟𝑒" = (𝑏& + 𝑏( 𝐸𝑆𝐶𝑆" + 𝑏* 𝐻𝑂𝑀𝐸𝑆𝐶𝐻" + 𝑏, 𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛" ) + 𝜀"
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𝑅𝑒𝑎𝑑𝑖𝑛𝑔 𝑠𝑐𝑜𝑟𝑒" = (𝑏& +𝑏( 𝐸𝑆𝐶𝑆" +𝑏* 𝐸𝑁𝑇𝑈𝑆𝐸" + 𝑏, 𝐼𝑛𝑡𝑒𝑟𝑎𝑐𝑡𝑖𝑜𝑛" ) + 𝜀"

(3)

where
Yi refers to the dependent variable (reading score);
b0 refers to the intercept;
b1refers to the relationship between students’ reading scores and their socioeconomic statuses when they never use ICT for schoolwork (see equation 2) or for leisure
(see equation 3);
b2 represents the relationship between students’ reading scores and their use of ICT
for schoolwork (see equation 2) or for leisure (see equation 3) when they have zero
socioeconomic status.
Procedures of data analysis: As for the data preprocessing, 246 observations from
the original 9,841 observations were deleted because the majority of these observations were missing values. Meanwhile, the independent variables and the moderator
variables were all weighed likelihood estimates based on the item response theory
(IRT) scaling [24]. Therefore, there was no need to conduct weighting and normalization on the data for a second time.
As for the moderation effect analysis, this study followed a four-step analysis. The
first step was to test the main effect of the predictors on students’ reading score by
simple linear regression so as to testify Hypotheses 1 and 2. The second step was to
center the predictors, which avoids the situation when the interaction variable made
the coefficients of the main predictors uninterpretable. The third step was to add the
interaction variable (the independent variable*the moderation variable), a significant
interaction would testify the existence of the moderation effect (Hypothesis 3). The
fourth step was to delve deeper into the direction of this interaction, and simple slope
analysis was conducted to work out the regression equations for the predictors, the
independent variable, low- and high- levels of the moderator variable [25]. The simple
slope analysis would be visualized in a plot to intuitively display the strength or direction of the moderation effect. In the past, these steps were to be conducted by typing
in complex and troublesome syntax [26]. This study used the PROCESS tool developed by Andrew Hayes and his colleague Kristopher Preacher, which made it possible
to access the complex syntax of the moderation model through a custom menu and a
dialog box [27-29]. Compared with traditional regression tools, PROCESS is superior
in the following aspects: (1) the predictors would be centered in advance by a simple
click; (2) the interaction variable would be entered automatically, rather than be computed manually; (3) the simple slope analysis would also be done conveniently [30].
Essentially, the dependent variable would be regressed on the predictor at high- and
low- levels of the moderator variable. In using PROCESS, 1 standard deviation above
and below the mean value of the moderator variable was applied to distinguish these
two levels. Therefore, it would be clear to see at which levels of the moderator variable the relationship between the independent variable and dependent variable is significant.
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3

Results

Hypothesis 1 was confirmed since students’ socioeconomic status was significantly
correlated with their reading achievement (B=40.09, CI=[38.43, 41.74], t=47.53,
p<0.001), which laid the foundation for testifying Hypothesis 3 in the two moderation
models with HOMESCH and ENTUSE as the moderator variable respectively. CI
refers to the confidence interval.
When the moderator variable was students’ ICT use for schoolwork (HOMESCH),
Hypothesis 2 was also proved since ICT use for schoolwork was significantly associated with their reading score (B=4.62, CI=[2.76, 6.49], t=4.86, p<0.001). Descriptive
statistics in the final moderation model of HOMESCH for the outcome was shown in
Table 2. It was found that the moderation effect was significant (b=-2.4, CI=[-4.01, 0.80], t=-2.94, p=0.003), which suggested that Hypothesis 3 was confirmed. Namely,
students’ ICT use for schoolwork moderates the relationship between their socioeconomic status and reading achievement.
Table 2. The moderation model of students’ ICT use for schoolwork of their reading score
Constant
ESCS (centered)
HOMESCH (centered)
HOMESCH*ESCS
gender

b
498.89 / [495.28, 500.50]
41.08 / [39.44, 42.72]
-4.62 / [-6.53, -2.70]
-2.40 / [-4.01, -0.80]
24.10 / [20.47,27.72]

SE B
1.33
0.84
0.98
0.82
1.85

t
373.59
49.03
-4.73
-2.94
13.03

p
p<0.001
p<0.001
p<0.001
p=0.003
p<0.001

Note. R2=.21.

As for the conditional effect of students’ socioeconomic status on their reading
scores at values of HOMESCH, it was found that (1) when the ICT use for schoolwork was at a low-level, there was a significant positive relationship between students’ socioeconomic status and their reading score (b=43.70, CI=[41.17, 46.24],
t=33.76, p<0.001); (2) when the ICT use for schoolwork was at a high-level, there
was a significant positive relationship between students’ socioeconomic status and
their reading score (b=38.46, CI=[36.20, 40.71], t=33.45, p<0.001). The nature of this
moderation effect was further visualized in Figure 2.

Fig. 2. The plot of the simple slope analysis for the moderator variable HOMESCH
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Note. The y-axis doesn’t correspond to the exact reading score, but only reflects a trend. Therefore, the
slope (b) should be the focus of discussion.

It was shown that with the increasing socioeconomic status, students’ reading score
improved, which proved the positive correlation between the independent variable and
the dependent variable in Hypothesis 1. Meanwhile, whether in low- or high-level of
ICT use for schoolwork, students’ reading score improved with the increasing socioeconomic status. However, the high-level use of ICT use for schoolwork exerted a
buffering effect on the positive correlation between students’ socioeconomic status
and their reading score.
When the moderator variable was students’ ICT use for leisure (ENTUSE), Hypothesis 2 was not proved since ENTUSE (B=-0.075, CI=[-1.867, 1.716], t=-0.082,
p=0.934) was not significantly correlated with their reading score. But it was found
that the moderation effect was significant (b=-3.57, CI=[-5.09, -2.05], t=-4.61,
p<0.001), which still confirmed Hypothesis 3. In this case, students’ ICT use for leisure moderates the relationship between their socioeconomic status and reading
achievement. Descriptive statistics in the final moderation model of ENTUSE for the
outcome was shown in Table 3.
Table 3. The moderation model of students’ ICT use for leisure of their reading score
Constant
ESCS (centered)
ENTUSE (centered)
HOMESCH*ESCS
Gender

b
498.77 / [496.16, 501.38]
41.03 / [39.41, 42.64]
-5.71 / [-7.55, -3.86]
-3.57 / [-5.09, -2.05]
22.54 / [18.89, 26.19]

SE B
1.33
0.82
0.94
0.76
1.86

t
374.72
49.77
-6.06
-4.61
12.11

p
p<0.001
p<0.001
p<0.001
p<0.001
p<0.001

Note. R2=.21.

As for the conditional effect of students’ socioeconomic status on their reading
scores at values of ENTUSE, it was found that (1) when the ICT use for leisure were
at a low-level, there was a significant positive correlation between students’ socioeconomic status and their reading score (b=45.09, CI=[42.59, 47.59], t=35.41, p<0.001);
(2) when the ICT use for leisure were at a high-level, there was a significant positive
relationship between students’ socioeconomic status and their reading score (b=36.96,
CI=[34.73, 39.19], t=32.51, p<0.001). The nature of this moderation effect was further visualized in Figure 3.
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Fig. 3. The plot of the simple slope analysis for the moderator variable ENTUSE

The simple slope analysis on the moderator variable ENTUSE by PROCESS indicated a similar figure as what was produced on HOMESCH. High-level of ICT use for
leisure also buffered the positive association between students’ socioeconomic status
and their reading scores.

4

Conclusion and Discussion

This study clarifies the moderating mechanism of ICT use between students’ socioeconomic status and their reading achievement. Based on the moderation analysis
using PROCESS developed by Andrew Hayes and his colleague Kristopher Preacher,
it was found that students’ ICT use for schoolwork or for leisure does moderate the
relationship between students’ socioeconomic status and their reading achievement.
Additionally, deduced from the results of the moderation models, high-level of ICT
use for schoolwork or for leisure would narrow the gap in students’ reading achievement caused by different socioeconomic status. The results of ICT use for schoolwork
support Lim and Jung’s finding [31], which explains that students using ICT for
schoolwork-related navigation tend to be more proficient to identify schoolworkrelevant statements and retrieve more useful information during reading activities.
Meanwhile, as regards to ICT use for leisure, the result corresponds to previous research in which the use of ICT for entertainment purposes has a positive influence on
students’ reading achievement [20, 32]. However, different from the current study that
examines the indirect effect of students’ ICT use on their reading achievement, these
two research examine the direct effect of ICT use on students’ reading achievement,
while the former one is conducted among Turkish participants in PISA 2006 [32], and
the latter one takes into consideration altogether 39 countries based on PISA 2012
dataset [20]. While the buffering effect of ICT use for schoolwork or for leisure is in
contradictory with what has been discovered by Chiao and Chiu based on PISA 2012
data in East Asia [33]. In their study, students’ ICT use whether for information retrieval or for social interaction should broaden the achievement gap in reading, mathematics and science, which might be caused by the inadequate guidance in using ICT
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before accessing students to ICT. The inconsistency trend reveals the trend of the
moderation effect of ICT use on the relationship between the ESCS index and the
reading achievement. The impact of ICT use on students’ reading achievement gap
caused by socioeconomic status changes from negative to positive from 2012 to 2015.
In other words, instead of widening the reading achievement gap related to the socioeconomic status disparity, ICT use starts to show its positive side by narrowing this
gap. One possible explanation might be the more integrated design of ICT supported
learning and entertainment, the more interactive and engaging ICT environment, and
the centrality of creativity in ICT-assisted teaching activities [34-36].
In general, ICT use is beneficial to students’ reading achievement, especially to
those from rather disadvantaged socioeconomic background. Currently, equal distribution of ICT is essential to educational equality, as it has become a ubiquitous educational tool tailored to students’ new learning style [37-39]. As European Union has
taken one of its most meaningful steps in integrating ICT into education through the
eTwinning initiative [40], China is supposed to make more efforts to promote ICTassisted learning. In addition to its educational function, the entertainment functions
of ICT may also increase students’ ICT self-efficacy, alleviate students’ academic
stress and urge them to learn more efficiently [32, 41]. As a qualified educator, it is
time to take full advantage of ICT in teaching considering the deduced positive influence brought by ICT use for schoolwork in students’ reading achievement improvement. Effective ICT-assisted teaching needs to guide students to apply technology as
cognitive tools whether in class or outside of class rather than simply giving students
the chance to use ICT [42-43]. Meanwhile, teachers should work with parents to guarantee the in-time monitoring since students’ unstructured use of ICT for leisure might
distract them from learning [22].
This study is not without limitations, as shown, the explained variance for the
moderation model is R2 = 0.21. In the field of humanities and social sciences, this R2
value is typical because it is impossible to take into consideration all relevant variables to predict human behavior. Even if the R2 is low in this study, predictors are
significantly correlated, which assures that the relationships underlying this moderation model still deserves to be explicitly analyzed [44]. In addition, this value is also
common in previous studies on PISA. For instance, in the existing studies of regression analysis using PISA 2006 dataset [45], PISA 2012 dataset [46] and other dataset
[47-50], the maximum R2 reached 0.310, 0.239 and 0.230 respectively. Therefore, in
the future study, it is suggested to expand the scope of study by adding an offline
interview with those participants if possible so as to take into considerations of more
predictors of students’ reading achievement.
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