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Abstract
Previous research on the relationship between students’ home and school Information and Communication Technology (ICT) resources and academic performance has
shown ambiguous results. The availability of ICT resources at school has been found to
be unrelated or negatively related to academic performance, whereas the availability of
ICT resources at home has been found to be both positively and negatively related to
academic performance. In addition, the frequency of use of ICT is related to students’
academic achievement. This relationship has been found to be negative for ICT use at
school, however, for ICT use at home the literature on the relationship with academic
performance is again ambiguous. In addition to ICT availability and ICT use, students’
attitudes towards ICT have also been found to play a role in student performance. In
the present study, we examine how availability of ICT resources, students’ use of those
resources (at school, outside school for schoolwork, outside school for leisure), and
students’ attitudes toward ICT (interest in ICT, perceived ICT competence, perceived
ICT autonomy) relate to individual differences in performance on a digital assessment
of reading in one comprehensive model using the Dutch PISA 2015 sample of 5183
15-year-olds (49.2% male). Student gender and students’ economic, social, and cultural
status accounted for a substantial part of the variation in digitally assessed reading
performance. Controlling for these relationships, results indicated that students with
moderate access to ICT resources, moderate use of ICT at school or outside school for
schoolwork, and moderate interest in ICT had the highest digitally assessed reading
performance. In contrast, students who reported moderate competence in ICT had the
lowest digitally assessed reading performance. In addition, frequent use of ICT outside
school for leisure was negatively related to digitally assessed reading performance,
whereas perceived autonomy was positively related. Taken together, the findings suggest that excessive access to ICT resources, excessive use of ICT, and excessive interest
in ICT is associated with lower digitally assessed reading performance.
Keywords: Digitally assessed reading performance, Information and Communication
Technology (ICT), Programme for International Student Assessment (PISA)

Background
Over the last two decades, Information and Communication Technology (ICT)
resources have become widely available to students, both at home and at school. Due
to the importance of ICT in our modern society, a questionnaire obtaining information about ICT resources, ICT use (both at school and outside school), and ICT skills
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was included in the Programme for International Student Assessment (PISA; OECD
2009). In 2012, averaged across the OECD countries, 93% of students reported to use
a computer at home and 72% of students reported to use a computer at school (OECD
2015a). Although countries have made considerable investments in ICT resources,
internet connections, and educational software, there is little to no evidence that
greater access to or use of ICT resources has led to an increase in mathematics, science, or reading scores (OECD 2015a). To gain further insight into the role of ICT in
students’ performance in reading digital texts, the present study will explore how ICT
resources, ICT use, and ICT attitudes are related to digitally assessed reading performance in Dutch adolescents, using the PISA 2015 database.
It is well documented that the availability and use of ICT are related to student
background characteristics. Boys use computers and the internet more often than
girls (Drabowicz 2014; Notten et al. 2009) and tend to use computers and the internet
more often for entertainment than for school-related tasks (Tømte and Hatlevik 2011).
According to the IEA International Computer and Information Literacy Study (ICILS
2013), boys and girls reported equal levels of basic ICT self-efficacy (e.g., searching
for and finding files on the computer, creating or editing documents, uploading files
to a digital platform) in most participating countries, including the Netherlands (Fraillon et al. 2014). Boys, however, reported higher levels of advanced ICT self-efficacy
(e.g., building a website, changing computer settings, creating a computer programs or
macro) as compared to girls in almost all countries, including the Netherlands (Fraillon
et al. 2014). With respect to the Computer and Information Literacy scale, girls scored
higher than boys in most countries (Fraillon et al. 2014), including the Netherlands
(Meelissen et al. 2014). In addition, a higher socio-economic status was generally associated with higher Computer and Information Literacy proficiency (Fraillon et al. 2014).
Students from high socio-economic backgrounds have greater access to ICT and report
higher competence with regard to ICT (Zhong 2011). All of the following studies control for gender and economic, social, and cultural status (ESCS) in their analyses.
The literature on the relationship between the availability of ICT resources and academic achievement is ambiguous (e.g., Angrist and Lavy 2002; Fuchs and Wöβmann
2005; Lee and Wu 2012), partly because the relationship is different for ICT resources
at home and ICT resources at school. With regard to availability of ICT resources at
school, several studies have found that increased availability of ICT was not associated
with improved reading performance (Angrist and Lavy 2002; Goolsbee and Guryan
2006; Rouse et al. 2004). Lee and Wu (2012) showed neither a direct nor an indirect relation with reading performance in their study of engagement in online reading activities
and PISA 2009 reading literacy results. Similarly, Fuchs and Wöβmann (2005), using the
PISA 2000 data, were unable to find evidence of a relationship between student achievement and the availability of computers at school. In one longitudinal study evaluating
the impact of a nationwide computer subsidy for Dutch schools with high percentages
of students from a disadvantaged group, it was shown that an increase in computers and
software had a negative impact on students’ language and arithmetic scores (Leuven
et al. 2007). Students’ achievement after receiving funds for computers and software was
lower as compared to achievement before receiving funds.
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Concerning the relationship between academic achievement and availability of
resources at home, Notten and Kraaykamp (2009) found that the number of computers at home was positively related to PISA scores. In contrast, Hu et al. (2018) showed
that access to ICT at home was negatively related to PISA achievement. Fuchs and
Wöβmann (2005) also found evidence of a negative relation between student achievement and availability of computers at home. In examining reading performance, Lee and
Wu (2012) showed that access to various ICT items at home was negatively associated
with PISA reading literacy, however, they also found evidence of a positive indirect relation between ICT resources at home and academic achievement through online reading
engagement. They found that when students read online materials in a meaningful way
(both spontaneously and directed), take advantage of online resources, or participate in
online discussion forums, having access to various ICT items at home is positively associated to PISA reading literacy (Lee and Wu 2012). Taken together, these results suggest
that the relation between availability of ICT at home and reading performance is ambiguous, with some studies showing a positive relationship and others showing a negative
relationship.
In addition to the availability of computers, the frequency of use both at school and
at home might play a role in student reading performance. In examining the PISA 2015
data of 44 countries including the Netherlands, Hu et al. (2018) found evidence of a negative association between ICT use at school (e.g., for sending emails or browsing the
internet for schoolwork) and reading performance. These results indicate that students
who use ICT resources more often for academically related work, tend to have lower
reading scores. These results are in line with the associations found between ICT use
at school and reading performance in PISA 2012 (Petko et al. 2017). As in 2015, the
2012 data shows that ICT use at school is negatively related to reading achievement.
With respect to ICT use at school, it is suggested that a narrow set of learning areas
are affected by computer programs (Skryabin et al. 2015) and that teachers only use
ICT resources for a narrow set of pedagogical purposes, without changing the ways of
teaching they already used (Ertmer and Ottenbreit-Leftwich 2010, 2013). Finally, it has
also been suggested that in schools, ICT is often used in a remedial fashion by lower
performing students and students with special educational needs (Gilleece and Eivers
2018; Zhang et al. 2016). Finally, Papanastasiou et al. (2005) suggested that the association between ICT use (in general) and academic achievement might not be linear but
might follow an inverted U-shape, since excessive use might distract students from their
schoolwork.
With regard to the association between ICT use at home and reading performance,
results are also ambiguous. This might be due to the different types of activities that
students use ICT for at home. Lee and Wu (2012) showed that, as long as students use
ICT resources for online reading related activities (such as reading news, using wikis or
online encyclopedias, and participating in online discussion forums), the availability of
ICT resources at home has a positive impact on reading performance. A positive relationship with academic achievement was also found when the computer at home was
used for education and communication (Fuchs and Wöβmann 2005). Whereas Petko
et al. (2017) also found that ICT use at home for schoolwork (browsing the internet for
schoolwork, using email for communication with other students about schoolwork, and
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doing homework on a computer) was positively associated with reading achievement,
Hu et al. (2018) showed a negative association between ICT use at home for schoolwork
and reading performance. One reason for the mixed results might be found in the way
ICT use at home for schoolwork was measured in both studies. In the study based on
PISA 2012 (Petko et al. 2017) only seven items were used to measure this construct; in
the study based on PISA 2015 (Hu et al. 2018) this increased to 12 items. As also pointed
out by Hu et al. (2018) “the effect of ICT academic use outside school becomes inconclusive when different studies employ different ICT activities to produce the overall indicator of ICT use activities at school” (p. 9).
In addition to the use of ICT at home for schoolwork, students might also use ICT at
home for leisure activities. Surprisingly, the study by Biagi and Loi (2013) showed a positive relationship between the use of ICT for gaming and PISA 2009 scores in most countries. In line with this result, Hu et al. (2018) found evidence that students who use ICT
resources more often for leisure activities (e.g., playing online games, chatting online,
reading news on the internet, and downloading new apps on a mobile device) tended to
perform better on reading tests. Again, the study by Petko et al. (2017) found different
results, showing a negative association between ICT use at home for leisure and reading
performance. Similarly, Luu and Freeman (2011) showed that the use of productivity and
entertainment software was negatively associated with academic achievement.
In addition to the frequency of use and the type of activities undertaken, there might
be a relationship with students’ attitudes towards ICT and academic achievement. Luu
and Freeman (2011), for example, showed that students with high confidence in ICT
tasks had higher science scores than students with low confidence in ICT tasks. Similarly, reading scores are found to be higher for students who think working with computers is important, fun, or interesting and for students who feel confident in using ICT
(Lee and Wu 2012). These relations, however, were mediated by frequency of engagement in online reading activities, indicating that part of the relation can be explained
by the fact that students with more positive attitudes and higher confidence engage in
online reading activities more often.
The role of ICT in digital reading

Most information provided through ICT resources is in text or in a written form. One
might therefore assume that any relationship between academic performance and ICT
access, ICT use, and attitudes towards ICT would be particularly visible for assessing
performance in reading digital texts (Anil and Ozer 2012). Naumann and Sälzar (2017)
explored digital reading proficiency in German 15-year-olds using data on the computer-based PISA assessment of reading. In this assessment, the paper-based text and
items are transformed to a digital environment (OECD 2017). Though it was a digital
assessment, the instrument contained the same (trend) items as the paper-based assessment. That is, linear texts were displayed on a computer screen and students answered
questions about the texts on the screen as well. Naumann and Sälzer showed that moderate levels of computer use, both at school and at home, were related to high digitally
assessed reading performance. Both low and high levels of computer use were related to
lower digitally assessed reading performance, suggesting that the relationship between
computer use and digitally assessed reading performance also follows an inverted
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U-shaped curve. They also showed that positive attitudes were associated with higher
digitally assessed reading performance, whereas negative attitudes were associated with
lower digitally assessed reading performance.
The IEA Progress in International Reading Literacy Study (PIRLS) 2016 was also
extended with an assessment of online reading (ePIRLS). In contrast with the digital
reading assessment of PISA, however, fourth-grade students participating in ePIRLS
were provided with an assessment of online reading which consisted of a simulated
internet environment (Mullis et al. 2015). In addition, students were able to navigate
through pages with a variety of features (e.g., graphics, multiple tabs, links, pop-up windows, animation). Bivariate results from this study show that students with high access
to digital devices in the home generally have higher online reading scores than students
with medium access (Mullis et al. 2017). In addition, a study by Gilleece and Eivers
(2018) showed that, after controlling for student background variables, Irish students
with an internet connection at home have higher reading scores both on paper-andpencil PIRLS and ePIRLS than students without an internet connection. Gilleece and
Eivers (2018) also showed that students who use a computer at home for schoolwork less
frequently have higher reading achievement in ePIRLS. Ultimaltely, Irish ePIRLS results
showed that students with high enjoyment of reading had higher online reading scores
than students with low enjoyment of reading (Gilleece and Eivers 2018), which is in line
with results on paper-based reading (e.g., Lee and Wu 2012; Luu and Freeman 2011).
The present study

Data show that the Netherlands, together with Scandinavian countries, belongs to the
group of countries with the greatest availability of ICT resources at home and the greatest integration of ICT in both primary (Eurydice 2012) and secondary schools (OECD
2015a). Although the Netherlands has high levels of availability and use of ICT both at
home and at school, Dutch teachers spend little time teaching ICT-related skills in comparison to other countries (Fraillon et al. 2014; Meelissen et al. 2014).
In the present study, we aim to answer the following research question: What is the
role of ICT resources, use, and attitudes in predicting Dutch PISA 2015 digitally assessed
reading performance? We examine the relationships between ICT resources, ICT use,
attitudes towards ICT, and digitally assessed reading performance in one comprehensive model using the Dutch PISA 2015 data. With a digital assessment of reading performance and ample information on students’ access to ICT resources, their ICT use, and
their attitudes towards ICT, PISA 2015 data provided a unique possibility to examine the
role of ICT in Dutch 15-year-old’s digitally assessed reading performance. In addition,
the multivariate analysis method used allows to examine the effect of the various predictors in one comprehensive model.

Methods
Participants

The PISA study applies a two-stage stratified sampling strategy. In the first stage of sampling, a sample of 203 Dutch schools with 15-year-olds was drawn by Westat. These
schools were sampled systematically from a comprehensive national list of all PISA
eligible schools, with probabilities that were proportional to the estimated number of

Page 5 of 17

Gubbels et al. Large-scale Assess Educ

(2020) 8:1

15-year-old students enrolled in the school. For a comprehensive elucidation on PISA
sampling and survey methods, see the international report (OECD 2015b).
Sampled schools were invited to participate via a letter. When a school from the original sample declined participation, a replacement school was invited to participate. This
resulted in an overall sample of 187 Dutch schools. As a second stage of sampling, students within these schools were sampled. The Target Cluster Size (TCS) for the Netherlands was set to 35, which means that a sample of 35 students was selected with equal
probability within each school. For schools with fewer than 35 PISA eligible students,
all students were selected. The sample consisted of 5385 students, yet due to some
missing values in the ICT questionnaire (n = 202), the eventual sample for the present
study consists of 5183 students (49.2% male) with a mean age of 15 years and 9 months
(SD = 3.5 months).
Measures

The PISA 2015 digital assessment of reading performance comprised only trend items.
The availability of ICT resources was addressed in the general student questionnaire.
Data regarding students’ ICT use and ICT attitude was retrieved from the computer
familiarity questionnaire, which asked students to further evaluate different aspects
related to digital media and digital devices. These devices included desktop computers, portable laptops, notebooks, smartphones, tablets, cell phones without internet
access, game consoles, and internet-connected television. In order to examine whether
individual items could be combined into the original international scales, a Confirmatory Factor Analyses (CFA) with the Dutch ICT data was carried out. Results indicated
good model fit (χ2 (1409) = 2678.52, p < .001, RMSEA = .026, CFI = .984, NFI = .980,
GFI = .992, AGFI = .990; Hu and Bentler 1999), suggesting that the dimensionality of the
Dutch ICT data corresponds with the total PISA data. The CFA was carried out using
the open-source statistical program RStudio (RStudio Team 2016) with the lavaan.survey function from the lavaan.survey package (Oberski 2014) and the svrepdesign function from the survey package (Lumley 2017). For an overview of all cognitive items and
items of the computer familiarity questionnaire, see the PISA 2015 assessment and analytical framework (OECD 2017).
Digitally assessed reading performance

The PISA 2015 reading assessment was originally developed for the PISA 2000 cycle
through a consensus building process involving reading experts from various countries.
In PISA, reading is defined 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 2017, p. 49). The reading assessment includes two
text formats: (1) continuous and (2) non-continuous. Continuous texts are composed of
sentences that are organized into paragraphs or larger structures such as sections, chapters, or books. Non-continuous texts, on the other hand, are organized in matrix format.
Texts also vary in type, including descriptive texts, narratives, expositions, arguments,
instruction, and transaction (see OECD 2017, p. 53 for more information on text formats and text types).

Page 6 of 17

Gubbels et al. Large-scale Assess Educ

(2020) 8:1

Reading items address three broad interrelated and interdependent reading processes:
(1) access and retrieval, (2) integration and interpretation, and (3) reflection and evaluation. The difficulty levels of items range from very straightforward to quite sophisticated reading comprehension activities. Response formats are either multiple-choice
or short constructed-response. The multiple-choice items were computer-coded. Constructed response items were judged by a team of coders according to the international
coding guidelines. Incorrect answers were coded as no credit answers (score 0). Correct
answers to simple questions were provided with full credit (score 1). Correct yet incomplete answers to complex questions were provided with partial credit (score 1), and correct and complete answers to complex questions with full credit (score 2).
Because each student only completed part of the PISA assessment in the cognitive
domain, PISA does not provide a single measure for reading comprehension, yet provides ten “plausible values” for each student, based on item response theory. As all PISA
proficiency scales, the mean of the reading scale was set to 500, with a standard deviation of 100.
ICT resources

The availability of ICT resources at home was assessed with six items. Students first indicated whether there was educational software and an internet connection at their home
(1 = yes; 2 = no). Next, students indicated on a four-point Likert scale (1 = none; 2 = one;
3 = two; 4 = three or more) how many cell phones with internet access, computers, tablet computers, and e-book readers were present in their home. Correlations between the
items were all positively significant, indicating that students with more computers also
had more e-books in their home. As indicators of individual participant scores, the PISA
Weighted Likelihood Estimates scale scores were used.
ICT use

With regard to students’ use of ICT, both their use at school and their use outside school
were assessed. Nine items addressed their use of ICT at school in general, for example
to send e-mails or to browse the internet for schoolwork. Items regarding the use of ICT
outside school were divided over two subscales: use of ICT outside school for leisure
and use of ICT outside school for schoolwork. Both subscales consisted of twelve activities, for which students indicated on a five-point Likert scale (1 = never or hardly ever;
2 = once or twice a month; 3 = once or twice a week; 4 = almost every day; 5 = every day)
how often they made use of digital devices to perform the activity. In the analyses, the
Weighted Likelihood Estimates were used for all three scales of ICT use.
ICT attitude

The computer familiarity questionnaire tapped into three aspects of ICT attitude: interest, competence, and autonomy. Students’ ICT interest was assessed with six items. Students’ perceived ICT competence and students’ perceived ICT autonomy related to ICT
use were both assessed with five items. All items were answered on a four point-Likert
scale (1 = strongly disagree; 2 = disagree; 3 = agree; 4 = strongly agree). Again, we used
Weighted Likelihood Estimates as indicator of ICT attitudes.
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Procedure

After a short introduction, students first completed the cognitive items, including
the items for reading. After a short break, students filled in the items of the student
background and computer familiarity questionnaires. The assessment of all cognitive
items and background questionnaires was computer-based and took 5 h, including
breaks. Students with special educational needs (n = 127) completed the shorter, ‘Une
Heure’, version of the cognitive instrument. The testing procedure was in accordance
with the PISA standardized protocol.

Data analysis

To deal with the PISA two-stage stratified sampling scheme and following standardized PISA procedures, we included replicate weights in all analyses. Furthermore, we used plausible values to approximate the students’ true scores. First, we
estimated population parameters on digitally assessed reading performance and the
scales regarding ICT resources, ICT use, and ICT attitude using the IEA IDB analyzer. Second, correlations between all measures were estimated using the IEA IDB
analyzer. Third, the relationship between ICT resources, ICT use, and ICT attitudes
and digitally assessed reading performance was examined with a hierarchical regression model using RStudio with the pisa2015.reg.pv function from the intsvy package
(Caro and Biecek 2017). In Step 1 of the regression model, we included gender and
economic, social, and cultural status (ESCS), since these variables are two well-known
predictors of reading performance (Chiu and McBride-Chang 2006; Luu and Freeman
2011). In the second step both the linear and quadratic effects of ICT resources, ICT
use (at school in general, outside school for schoolwork, outside school for leisure),
and ICT attitudes (interest, perceived competence, perceived autonomy) were added
to the model to examine the impact of the quadratic effects over and above the impact
of the linear effects. Quadratic effects were calculated by multiplying the predictor by
itself.

Results
Inferential statistics

Univariate population parameters on digitally assessed reading performance and
all ICT measures are presented in Table 1. The statistics show that the mean digitally assessed reading performance of Dutch students was higher (t (511876) = 35.63,
p < .001) than the international average of all countries participating in PISA 2015.
The mean score for availability of ICT resources in the Netherlands is higher than
the availability of resources in countries participating in the ICT familiarity questionnaire (t (334197) = 70.75, p < .001). Moreover, positive scores for students’ use
of ICT at school in general and outside school for schoolwork indicate that their
use is also higher than the international average (t (334197) = 33.20, p < .001 and t
(334197) = 7.39, p < .001). Students’ use of ICT outside school for leisure, on the other
hand, is lower than the international average (t (334197) = 11.14, p < .001). Results
furthermore show that levels of interest (t (334197) = 4.34, p < .001) are higher than
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Table 1 Means and SD for digitally assessed reading performance, ICT resources, ICT use,
and ICT attitudes
Netherlands
M
Digitally assessed reading performance

International
SD

M

SD

507.15

98.62

460,13

94.94

.54

.84

ICT resources

− .37

ICT use

.92

At school in general

.44

.71

.00

.95

Outside school for schoolwork

.16

.72

.06

.97

− .14

.70

− .02

1.03

Outside school for leisure
ICT attitudes
Interest
Perceived competence
Perceived autonomy

.06

.88

.00

.99

− .04

.85

− .02

.96

− .02

.86

− .01

.98

Table 2 Correlations between digitally assessed reading performance, ICT resources, ICT
use, and ICT attitudes
1

2

3

4

5

6

7

1

Digitally assessed reading performance

–

2

ICT resources

.02

–

3

Use at school in general

.14*

–

4

Use outside school for schoolwork

− .07*
.01

.11*

.54*

–

5

Use outside school for leisure

.14*

.42*

.44*

–

6

Interest in ICT

− .05*
.10*

.08*

.19*

.15*

.34*

–

7

Perceived ICT competence

.06*

.08*

.18*

.14*

.35*

.46*

–

8

Perceived ICT autonomy

.07*

.13*

.17*

.13*

.39*

.38*

.64*

8

–

* p < .001

the international average, whereas perceived competence (t (334197) = 1.49, p = .136)
and perceived autonomy (t (334197) = .73, p = .014) are comparable to the international averages.
Correlations

Correlations between digitally assessed reading performance and all ICT measures are
presented in Table 2. All correlations, with the exception of the correlations between
digitally assessed reading performance and ICT resources and ICT use outside school
for schoolwork, were significant. The relationship between digitally assessed reading
performance and both ICT use at school in general and outside school for leisure are
negative, indicating that students who spend more time using ICT at school in general
or outside school for leisure have lower reading scores. The positive correlations for
ICT attitudes and digitally assessed reading performance indicate that higher levels of
interest, perceived competence, and perceived autonomy are related to higher digitally
assessed reading performance.
Results furthermore show that the availability of resources is positively related to students’ ICT use and ICT attitude. In addition, the three indicators of ICT use are moderately correlated, as are the three indicators of ICT attitudes. The relationship with ICT
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attitudes is higher for the use of ICT outside school for leisure than for the use outside
school for schoolwork or at school in general.
Regression

Unstandardized and standardized regression coefficients are presented in Table 3. Intercepts are also included (Field 2009, p. 252). Results of Step 1 show that students’ gender
and ESCS account for 13% of the variance in digitally assessed reading performance. The
negative regression coefficient for gender indicates that girls had higher digitally assessed
reading scores than boys, while taking ESCS into account. The positive regression coefficient for ESCS indicates that students from families with higher economic, social, and
cultural backgrounds had higher reading scores than students from families with lower
economic, social, and cultural backgrounds after controlling for student gender.
Results of Step 2 show that the ICT related variables account for an extra 9% of the
variance in digitally assessed reading performance. The quadratic effect of the availability of ICT resources was significantly related to digitally assessed reading performance
over and above the control variables entered at Step 1, the linear effect of ICT resources
and the other ICT variables entered in Step 2. The negative sign of the quadratic effect
indicates that although students’ digitally assessed reading performance increased with
an increasing number of ICT resources, the relationship turned negative with a larger

Table 3 Standardized and unstandardized coefficients of ICT resources, use, and attitudes
on digitally assessed reading performance
Intercept

Step 1

Step 2

b

SE

β

b

SE

β

532.13

6.79

− .02

552.18

7.58

− .02

− 21.45

3.33

− .11

3.13

.34

− 20.29

4.51

43.81

− .10

Student background
Gender (ref: girls)
ESCS
ICT resources
Quadratic
ICT use
At school in general
  Quadratic

43.88

3.76

− 5.41

3.97

− 3.88

1.60

− 5.57

4.23

5.64

3.55

− 7.29

1.37

.73

1.10

14.85

2.38

.13

− 7.91

1.18

− .12

− 7.30

Outside school for schoolwork
  Quadratic
Outside school for leisure

− 7.20

  Quadratic

1.78

3.28

.34

− .03
− .07

− .04
− .11

.04

− .12

− .05

.01

ICT attitudes
Interest
  Quadratic
Perceived competence
  Quadratic
Perceived autonomy
  Quadratic
R2

.13

.02

.98

3.03

3.21

2.28

10.19

2.93

.09

− 3.48

1.86

− .04

.22

.02

.01
.04

Significant regression coefficients (p ≤ .05) are in italics. Results of the full model before adding the quadratic terms are
presented in Appendix
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Fig. 1 Relationship between the availability of ICT resources and digitally assessed reading performance

availability of resources. Figure 1 shows the estimated conditional relationship between
ICT resources and digitally assessed reading performance based on the model and therefore correcting for the other variables in the model.
The quadratic effects of ICT use at school in general and outside school for schoolwork were significantly related to digitally assessed reading performance over and above
the control variables entered at Step 1, the linear effect of ICT use in general and outside school for schoolwork and the other ICT variables entered in Step 2. The negative
signs of the quadratic effects indicate that although students’ digitally assessed reading
performance increased with increasing ICT use both at school in general and at home
for schoolwork, these relationships turned negative with excessive use of ICT. The quadratic effect for ICT use outside school for leisure is not significantly related to digitally
assessed reading performance. The linear effect, however, is significantly related over
and above the control variables. The negative sign indicates that the more students used
ICT outside school to play games or to participate in social networks, for example, the
lower their digitally assessed reading performance. Figure 2 shows the estimated relationships between ICT use at school in general, at home for schoolwork, and at home
for leisure and digitally assessed reading performance based on the model and therefore
correcting for the other variables in the model.
The quadratic effects of interest in ICT and perceived ICT competence were significantly related to digitally assessed reading performance over and above the control
variables entered in Step 1, the linear effects of interest in ICT and perceived ICT competence, and the other ICT variables entered in Step 2. The negative sign of the quadratic term of interest in ICT indicates that although students’ digitally assessed reading
performance increased with more interest in ICT, the relationship turned negative
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Fig. 2 Relationship between the use of ICT and digitally assessed reading performance

with excessive interest in ICT. The positive sign of the quadratic term of perceived ICT
competence indicates that although students’ digitally assessed reading performance
decreased with more perceived ICT competence, the relationship turned positive with
excessive perceived ICT competence. The quadratic effect for perceived ICT autonomy
is not significant. The linear effect, however, is significant over and above the control
variables entered at Step 1 and the other ICT variables entered in Step 2. The positive
sign indicates that the more ICT autonomy students perceived, the higher their digitally assessed reading performance. Figure 3 shows the estimated relationships between
interest in ICT, perceived ICT competence, and perceived ICT autonomy and digitally
assessed reading performance based on the model and therefore correcting for the
other variables in the model. The model including the controls and ICT related variables
explained 22% of the variance in digitally assessed reading performance.

Discussion
Previous research has shown that the mere presence of ICT resources does not have a
positive relationship with digitally assessed reading performance and that the way in
which ICT resources are used and attitudes towards ICT play a role. International largescale assessment studies have shown that the availability of ICT resources at home in the
Netherlands is high, in comparison to the availability in other countries (OECD 2015a).
In addition, teachers in both primary and secondary education make frequent use of
ICT resources at school (Eurydice 2012; OECD 2015a). In the present study, we investigated the role of ICT resources, ICT use, and ICT attitudes in digitally assessed reading
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Fig. 3 Relationship between interest in ICT, perceived ICT competence, and autonomy and digitally assessed
reading performance

performance of Dutch 15-year-olds. Significant relationships for all variables were found
and results are discussed in more detail below.
First, results showed that student backgrounds accounted for a substantial part of the
variation in reading performance. In line with other studies (e.g., Fraillon et al. 2014; Luu
and Freeman 2011), a strong positive relationship with digitally assessed reading performance was found for students’ ESCS. Students from families with higher economic,
social, and cultural backgrounds had higher reading scores than students from families
with lower economic, social, and cultural backgrounds. In addition, boys had lower digitally assessed reading scores than girls, controlling for ESCS.
Since both ESCS and gender significantly predicted digitally assessed reading performance, they were used as control variables in Step 2. The full model presented in Table 3
shows a negative quadratic relationship indicating that having access to computers, educational software, and internet at home is negatively related to digitally assessed reading
performance only after a certain threshold has been reached. This result is in line with
results by Naumann and Sälzar (2017), who also found a negative quadratic relationship between ICT resources at home and digitally assessed reading performance. Our
findings thus suggest that, after taking gender and ESCS into account, students who
reported to have access to a multitude of devices and connections at home had lower
scores on digitally assessed reading as compared to students with moderate levels of ICT
resources.
With respect to ICT use of Dutch students, results showed that the highest digitally
assessed reading performance was associated with moderate use at school and outside
school for schoolwork. That is, these relationships were found to be negatively quadratic
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(inverted U-shape), indicating that moderate but not excessive use of ICT was associated
with the highest digitally assessed reading performance. This U-shaped relationship was
also found for PISA countries in general (OECD 2015a). In the home context, this relationship has also been elucidated in previous studies. Agasisti et al. (2017) likewise found
that greater use of ICT at home, explicitly in relation to school-related tasks, was negatively associated with students’ test scores. This relationship may, in part, be explained
by inefficiency in using ICT resources. Students may be using ICT more frequently at
home because instructions are unclear or because the computer is too slow and software does not meet students’ needs, in which case greater ICT use will not necessarily benefit online reading performance (Agasisti et al. 2017). In the school context, the
negative relationship between more frequent use of ICT at school and digitally assessed
reading performance, according to Naumann and Sälzar (2017), may be explained by the
fact that ICT can also be used in a remedial fashion. Similarly, both Gilleece and Eivers
(2018) and Zhang et al. (2016) have found that struggling students are often assigned to
work on computers to remediate learning problems, which might explain the negative
association with excessive use of ICT in school and digital reading performance in the
present study. With regard to use of ICT for leisure, frequent use was found to relate
negatively to digitally assessed reading performance: The more students use ICT for leisure, the lower their digitally assessed reading performance. Steffens (2014) also showed
that the use of a video games console is negatively related to PISA achievement. According to Papanastasiou et al. (2005), the use of ICT outside school for leisure might distract
students from their schoolwork.
In addition to the availability and use of ICT, attitudes toward ICT were also found
to be related to digitally assessed reading performance. Similar to results by Hu et al.
(2018), results of the present study show that the relationships between attitude towards
ICT and online reading performance are complex. We found that high perceived autonomy of ICT is related to high digitally assessed reading performance. The relationship
between interest in ICT and digitally assessed reading performance, however, follows an
inverted U-shape. This means that both a lack of interest in ICT and excessive interest in
ICT are related to low digitally assessed reading performance. Students with moderate
interest in ICT performed best in digitally assessed reading. With respect to perceived
competence, students that reported moderate competence in ICT had the lowest digitally assessed reading performance, as compared to students that reported low and high
perceived ICT competence. The difference in digitally assessed reading performance
seems to be larger between students with moderate and high perceived ICT competence
than between students with moderate and low perceived ICT competence. It might be
that students can only benefit from an increase in competence in ICT when a certain
threshold is reached.
The present study has several limitations. First, PISA is a cross-sectional study. Data
were thus gathered at only one time point and not longitudinally, which means that causality cannot be inferred. The relationship between ICT resources, ICT use, and ICT
attitudes and digitally assessed reading performance might be explained by another
factor not included in the present analyses. In addition, relationships between digitally
assessed reading performance and the different aspects of ICT use and attitude might
also be reciprocal. Second, although the assessment was computer-based, texts were
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still mostly linear texts. Online texts often are non-linear texts (with hyperlinks). Future
research, for example the ePIRLS study in 2021, might examine whether the relationships between ICT resources, ICT use, and ICT attitudes are stronger when reading
these non-linear texts. Moreover, future research could also examine online process and
behavioural data (i.e., log-files) to gain more insight into the timing and type of actions
students perform while engaging in digital reading tasks.

Conclusion
To conclude, we have shown that moderate access to and use of ICT resources is positively related to digitally assessed reading performance of Dutch students, whereas
excessive access to and use of ICT is negatively associated with Dutch students’ performance in digitally assessed reading. Similarly, an excessive interest in ICT is also negatively associated with students’ performance in digitally assessed reading. These results
suggest that simply investing money and time to provide students with ICT resources
at home or school and to increase their use of these resources, does not necessarily
enhance digitally assessed reading performance. Therefore, researchers and Dutch policy
makers should focus on what type of activities would benefit efficient use of ICT both at
home and at school and therewith the enhancement of (digital) reading comprehension.
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Table 4 Standardized and unstandardized effects of ICT resources, use, and attitudes
on digitally assessed reading performance
Model 1
b

Model 2
SE

β

b

Model 3
SE

β

b

SE

β

Student background
Gender (ref: girls)
ESCS

− 21.45

43.81

3.33
3.13

ICT resources

− .11

.34

− 22.05

49.02

− 14.31

Quadratic

–

4.57
3.79
2.45
–

− .11

.38

− .12

–

ICT use
At school in general

− 13.16

  Quadratic

–

3.76
–

− .09

–

− 20.29

43.88

− 5.41

− 3.88
− 5.57

− 7.30

4.51
3.76
3.97
1.60
4.23
1.78

− .10

.34

− .03

− .07

− .04

− .11

Outside school for schoolwork

4.82

3.76

.03

5.64

3.55

.04

  Quadratic

–

–

–

− 7.29

1.37

− .12

Outside school for leisure

− 11.39

2.93

  Quadratic

–

–

− .08

–

− 7.20

.73

3.28
1.10

− .05

.01

ICT attitudes
Interest

11.04

2.39

.10

14.85

2.38

.13

  Quadratic

–

–

–

− 7.91

1.18

− .12

Perceived competence

1.27

3.20

.01

.98

3.03

.01

  Quadratic

–

–

–

3.21

2.28

.04

Perceived autonomy

9.50

3.11

.08

10.19

2.93

.09

  Quadratic

–

–

–

1.86

.17

.02

− 3.48

− .04

R2

.13

.02

.22

.02

Significant regression coefficients (p ≤ .05) are in italics
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