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Abstract

The aim of this study was to explore the differential relationships between students’
science performance and their ICT availability, ICT use, and attitudes toward ICT based
on the data from the Program for International Student Assessment (PISA) 2015 across
the countries and regions including South/ Latin America, Europe, and Asia and Pacific.
Before 2015, the PISA tests were paper-based, but in 2015, for the first time, a computer-
based test was used. The mean score in science performance decreased dramatically in
PISA 2015. In order to propose a plausible reason for this decrease, the relationships
between students’ science performance and students’ ICT availability, ICT use, and
attitudes toward ICT were examined. The ICT Development Indexes (IDI) of 35 countries
were used to investigate whether the relationships vary across countries. Two-level
regression was employed for the analysis, taking into account plausible values and sample
weights. The results indicated that there was a differential relationship among countries
and regions for how much of the total variance was explained through ICT related factors.
Controlling major student- and school-level variables, as IDI scores of countries increase,
explained variances of science scores by ICT use, availability and attitude increase in
South/ Latin America, whereas, for countries in Europe, the explained variances decrease.
In Asia and Pacific, explained variances across countries were similar. Further implica-
tions are discussed emphasizing the importance of regions-based perspectives.
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1 Introduction

People can handle social, economic, and environmental challenges of globalization
through science education because science improves people’s problem-solving
ability and literacy skills not only for their academic and/or business lives but also
for their daily lives (Royal Society, 2014; Valladares, 2021). According to The
Organization for Economic Cooperation and Development (OECD, 2016a) science
literacy is “increasingly linked to economic growth and is necessary for finding
solutions to complex social and environmental problems, all citizens, not just future
scientists and engineers, need to be willing and able to confront science-related
dilemmas” (p. 16). Understanding the importance of science on coping with global
challenges, scientific literacy is a crucial concern for all countries because of its
potential for social transformation (Valladares, 2021). Considering these concerns,
international large-scale assessments allow countries to evaluate the effectiveness of
their educational systems.

The Programme for International Student Assessment (PISA) is directed by the
OECD, as one of the large-scale international assessments. PISA gets great atten-
tion from researchers and policy makers because of its multidimensional aspects.
PISA, also, creates an opportunity for comparisons with respect to reading literacy,
mathematical literacy, and scientific literacy. These comparisons can be made not
only at the cross-national level, but also at student and school levels (OECD, 2016b,
2017). The PISA tests had been applied as paper-based until 2015. In 2015, for the
first time, computer-based tests were administered in almost all countries (Kastberg
et al., 2016), and the OECD average science performance score was the lowest in
2015 since the first cycle of PISA. Information and Communication Technology
(ICT) related factors may be among the reasons for the drop in science scores. There
may be differences among countries in the effects of ICT related factors on science
performance. If such differences exist, then different policy recommendations
would be warranted for particular countries. Additionally, the rapid developments
of technology lead to a shift in education from traditional classroom learning
environments to online or technology integrated learning environments
(Srijamdee & Pholphirul, 2020). Therefore, to understand the role of ICT related
factors on students’ academic performance has been of prime importance in the
twenty-first century (Oliver, 2002).

The purpose of this study was to explore the differential relationship between
students’ science performance and students’ ICT availability, ICT use, and attitudes
toward ICT in PISA 2015 for 35 countries located geographically in South/Latin
America, Europe, and Asia and Pacific. We investigated the relative contribution of
ICT related factors on explained variance in science performance for each country.
Afterwards, we explored the relationship between the relative explained variance in
science performance and the ICT Development Index (IDI) of countries. IDI has been
published since 2009 in each year by the International Telecommunication Union
(ITU) which is the United Nations (UN) specialized agency for ICTs in order to follow
and contrast ICT developments of countries (ITU, 2015). To calculate IDI, data are
collected in three main areas including ICT access, ICT use, and ICT skills based on 11
indicators (ITU, 2015).
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2 Literature review

In the following sections, we describe the importance of ICT related factors for science
performance and the student- and school-level variables that need to be controlled in
order to isolate the relative contribution to explained variance by ICT related factors.

2.1 Importance of students’ ICT availability, ICT use, and attitudes toward ICT
on academic performance

Research on the relationship between students’ reading, science, and mathematics
performance and ICT related factors show usually statistically significant positive or
negative relationships, but at different levels for various countries. For example,
Srijamdee and Pholphirul (2020) investigated students in Thailand as a representative
of developing countries in order to understand the relationship between ICT familiarity
and educational outcomes. The results showed that if students use ICT resources for
educational purposes, then their science, reading, and mathematics outcomes improve,
a result similar to that obtained for developed countries. However, if students do not use
ICT resources for education, their educational outcomes either do not change or might
worsen. (Srijamdee & Pholphirul, 2020). They stated that ICT usages of students
positively impact their educational outcomes if the time is limited to “1-30 min per
day on weekdays in schools, and 2-4 hours per day on weekends” (p. 2968). Park and
Weng (2020), using PISA 2015 data, found a small but positive and statistically
significant relationship between attitudes toward ICT and science, mathematics, and
reading performance across 39 countries. At the same time, ICT use at school and home
were negatively associated with academic performance of students (Park & Weng,
2020). Park and Weng (2020) also conducted country level analyses by using the gross
domestic product (GDP) and Gini coefficients of countries, which are indicators of
countries’ economic levels. They found a changing degree of relationship between both
countries’ GDP per capita, and Gini coefficients and students’ ICT use for schoolwork
at school and perceived ICT autonomy on achievement. While the relationships
between GDP per capita and these two ICT variables were stronger in countries with
higher GDP per capita, there was an inverse relationship between the Gini coefficient of
countries and these two ICT variables (Park & Weng, 2020). Hu et al. (2018) found that
ICT availability at school, ICT interest, competence, and autonomy were positively
correlated with science performance, whereas ICT availability at home and enjoyment
of social interaction with ICT were negatively related to science performance. Hu et al.
(2018) also noticed that students’ academic use and entertainment use of ICT were
negatively associated with science performance for some countries and positively
associated for others. Furthermore, the results of Hu et al. (2018) also showed that
students from countries which have higher ICT skills according to IDI level leaned
higher academic performance (Hu et al., 2018). Finally, Petko et al. (2017) showed that
while ICT entertainment use and schoolwork use at school and home were negative
indicators for many countries, students’ positive attitudes toward ICT have statistically
significant and positive effects on all three subject areas for 30 participating countries.
There was a large variation among these countries in terms of the degree of relation-
ships (Petko et al., 2017). These studies indicated the effects of ICT related factors on
science performance varied across countries, but none of them conducted region-based
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analyses. Additionally, these studies did not control many important student- and
school-level variables. Lastly, these studies focused only on the relationship between
ICT related factors and academic performance rather than how much of the total
variance can be explained with ICT related factors. Hence, the current study fills this
gap in the literature, by focusing on the explained variance in science performance by
ICT related factors including availability, use, and attitudes depending on IDI levels,
and regions of countries after controlling student- and school- levels variables.

2.2 Factors predicting science performance of students

In order to identify the unique relationship between ICT availability, ICT use, and
attitudes toward ICT and science performance, it is necessary to control other salient
variables that are related to science performance. Prior attempts for explaining student
outcomes appear to show a tension between focusing primarily on student-level
variables and school-level variables. A widely adopted theory that focuses on
student-level variables is Equality of Educational Opportunity (Coleman et al., 1966),
stating that student-level factors are more important in explaining student outcomes,
and hence those variables should be studied extensively. On the other camp, focusing
on school-level variables, the Heyneman-Loxley effect (Heyneman & Loxley, 1983)
states that school-level variables are more important for student outcomes. This tension
can be resolved by synthesizing both approaches, forming a conceptual framework that
combines both student- and school-level factors that does not place an emphasis on
either level a priori. Such a conceptual framework allows for capturing the effects of
variables at both levels. Effects of important variables in school-level can be missed if
only student-level variables are included, and vice versa. In order to delineate the
unique effects of the ICT-related variables, any other relevant variable needs to be
accounted for. As shown in Fig. 1, in this conceptual framework, student-level factors
are students’ science attitudes, students’ personal factors, students’ considerations about
classroom learning environments, and parental factors. School-level factors are phys-
ical factors of schools and teacher-related factors.

2.2.1 Student-level factors

The equality of Educational Opportunity theory, developed by Coleman et al. (1966), is
widely used to clarify the importance of student-level factors on their academic
achievement. Coleman et al. (1966) claimed that the impacts of students’ personal
factors are clearly greater than school-level factors on academic achievement. They
found that differences among students within the same school were roughly four times
larger than the differences between schools (Coleman et al., 1966).

PISA includes student-level variables that explain science performance. Prior re-
search showed that self-efficacy (Maddux, 2002; Tzung-Jin, 2021), enjoyment of
science (Hampden-Thompson & Bennett, 2013), instrumental motivation (Kula-Kartal
& Kutlu, 2017), epistemological beliefs (OECD, 2016b), science-related activities
(Grabau & Ma, 2017), motivation to achievement (Steinmayr et al., 2019), sense of
belonging to school (St-Amand et al., 2017), parents’ education (Giizeller & Seker,
2016), parental emotional support (Perera, 2014), and ESCS (Dolu, 2018) are posi-
tively related to science performance. On the other hand, test anxiety has been shown to
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Fig. 1 The Conceptual Framework of the Study

be negatively related to science performance (Ergene, 2011). The direction of the
relationship between inquiry-based learning environment and science performance
(Cairns & Areepattamannil, 2019) remains a controversial issue (Cairns, 2019). The
relevance for including these student-level variables for the present study is to control
the combined effects of non-ICT-related student-level variables on science perfor-
mance. Such an approach allows for identifying the unique contributions of each
ICT-related variable for explaining science performance.

2.2.2 School-level factors

Schools have an impact on students’ academic performance in all countries at different
degrees (Acar & Ogretmen, 2012; Martins & Veiga, 2010; Srijamdee & Pholphirul,
2020). According to Heyneman and Loxley (1983), the impacts of school-based factors
on the academic performance are larger than that of personal factors especially for
countries with lower-level income. They showed that in low-income countries the
school and teacher quality have a large impact on pupils’ academic performance rather
than their social and economic status. However, Baker et al. (2002) tested this assertion
using the Third International Mathematics and Science Study (TIMSS) 1994 data and
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found that the effect of family-background on academic performance was increasing
especially in poorer nations.

The importance of school level factors is being the most evident in the large
between-school variance observed in PISA studies. For example, the OECD average
between-school variance is 37% based on PISA 2006 (Alacact & Erbas, 2010). Among
the most salient factors that account for the between-school variance are physical
factors (Areepattamannil, 2014; Sousa et al., 2012) and teacher certification levels
(Grabau, 2016; Fuchs & WoBmann, 2007). The relevance for including school-level
variables together with the non-ICT-related student-level variables for the present study
is to capture the combined effects of non-ICT-related variables at both levels on science
performance. This approach allows for distinguishing the unique contributions of each
of the ICT-availability, ICT-use, and ICT-attitudes variables for predicting science
performance.

2.3 The present study

In the cycle of PISA 2015, the test was given to students as computer-based for the first
time and OECD’s science performance average fell to the minimum level. Starting
from the idea of what might cause this decrease, we proposed that there might be a
differential relationship across countries and regions between students’ science perfor-
mance and the ICT related factors. We hypothesized that for countries and regions that
have relatively lower levels of ICT resources, having more ICT related factors might
explain more variance on science performance, whereas for countries and regions that
have relatively higher levels of ICT resources, the explained variance might be constant
or decrease. By controlling student- and school-level factors that are related to science
performance, we aimed to explore the relationship between the explained variance of
science performance by ICT related factors and ICT development level of countries
according to the regions. The following research question was investigated:

To what extent do the uniquely explained variances of science performance in PISA
2015 by ICT availability, ICT use, and attitudes towards ICT differ among countries
and regions?

3 Method
3.1 Participants

In 2015, nearly 540,000 students from 72 countries between the ages from 15-year-old
and three months to 16-year-old and two months participated in the PISA 2015 from
three different regions of the world (OECD, 2017). These students were selected via a
two-stage stratified sampling to represent 29 million students. In the present study, the
data of 35 countries from three different regions of the world that have all the control
and ICT related variables were included. The detailed information on participating
students and coverage for the national desired target population and regions of the
countries are given in Appendix 1. Listwise deletion was used to handle missing values
in the study.
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3.2 Instruments

All data in this study were downloaded from public OECD’s PISA 2015 database
(OECD, 2019a) and ITU database (, 2015). PISA collects information not only at
student-level but also school- and parent-levels for science literacy, mathematics
literacy, and reading literacy cross-nationally. The independent variables of the current
study were ICT related factors such as ICT availability, ICT use, and attitudes toward
ICT. These variables were measured by related student questionnaires. ICT availability
had two subscales which were access to ICT at home index and at school index. ICT
use had three subscales which were ICT use outside of school leisure, ICT use outside
of school for schoolwork, and use of ICT at school in general. Attitudes toward ICT
had four subscales which were students’ ICT interest, students’ perceived ICT compe-
tence, students’ perceived autonomy related to ICT use, and students’ ICT as a topic in
social interaction. The summary of the whole student- and school-level control vari-
ables, as well as ICT related variables and their abbreviated versions are given in
Table 1 (OECD, 2019b).

3.3 Data analysis

We conducted two-level regression analyses in order to answer the research questions.
Sample size, linearity, homoscedasticity, independence of errors, normality of resid-
uals, and multicollinearity are the assumptions of two-level regression (Field, 2009;
Keith, 2014; Pallant, 2007; Tabachnick & Fidell, 2007). All the assumptions were
checked, and it was observed that all the assumptions were met. Mplus 7.3 (Muthén &
Muthén, 1998-2014) was used to conduct the analysis as it can take into account
plausible values and sampling weights simultaneously.

In order to obtain the uniquely explained variance of science performance by ICT
related factors, the following procedures were followed. First, a baseline model with
related student- and school-level control variables was fitted to the data to obtain the
initial explained variances (R? values) for each country. Second, the ICT availability
variables were added to the baseline model (Model 1) and R? values were obtained.
Third, by removing ICT availability variables and adding the ICT use variables to the
baseline model (Model 2), R2 values were obtained. Finally, the ICT use variables were
removed and the attitudes toward ICT variables were added to the baseline model
(Model 3) and RZ values were obtained. The R? differences between each model and
the baseline model (AR?) were calculated.

Then, the relationships between AR?2 values and IDI levels of the countries were
plotted for each model to examine whether the R? changes differed for some groups
of countries. The importance of ICT related factors on predicting science
performance might differ according to countries’ ICT Development Index. In
these plots, the best fit lines and 95% confidence interval bands were drawn
using linear regression with the least squared fit method, for countries grouped by
region. The unstandardized regression coefficients (b), t and p values are reported
for each trend line. Due to the small number of data points in each region, the
interpretations of results and conclusions are based on visual inspection of the
trends. While we realize that this is a limitation, we argue that the plots and
associated statistics allow the readers to judge our conclusions.
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Table 1 The student- and school- level variables

Variables

Student- Level Variables
Students’ Attitudes Factors

JOYSCIE Enjoyment of science
INSTSCIE Instrumental motivation
SCIEEFF Science self- efficacy
EPIST Epistemological beliefs
SCIEACT Index of science activities

Students’ Personal Factors
ANXTEST

Test- anxiety

MOTIVAT Achievement motivation

BELONG Subjective well-being/— a sense of belonging
ICT availability

ICTHOME ICT available at home index

ICTSCH ICT available at school index

ICT use

ENTUSE ICT use outside of school for leisure
HOMESCH ICT use outside of school for schoolwork
USESCH Use of ICT at school in general

Attitudes toward ICT

INTICT Students’ ICT interest

COMPICT Students’ perceived ICT competence
AUTICT Students’ perceived autonomy related to ICT use
SOIAICT Students’ ICT as a topic in social interaction
Students’ Parental Factors

ESCS Index of economic, social, and cultural status
EMOSUPS Parents emotional support

Classroom Learning Environment
IBTEACH

DISCLISCI

TDTEACH

School- Level Variables
Physical Factors

Inquiry- based instruction
Disciplinary climate in science classes
Teacher-directed science instruction

CLSIZE Classroom size

EDUSHORT Shortage of educational material

STAFFSHORT Shortage of educational staff

RATCMPI1 Index of computer availability

SCIERES Science specific resources

Teacher- Related Factors

PROSTAT The index of the proportion science teachers by all teachers
PROSTATCE The index of the proportion of fully certificated science teachers
PROSTMAS The index of the proportion of science teachers with an

International Standard Classification (ISCED) level 5A
(Theoretically oriented tertiary) and a major in science
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4 Results
4.1 Explained variance in multilevel regression models

The second column of Table 2 shows the explained variances of science performance
by control variables for each country (baseline model). On the right-hand side of that
column, the differences in the explained variance when ICT related factors were added
to each model were presented. These R? differences reflected the unique relationships
between ICT related factors and science performance when student- and school-level
variables were controlled.

As shown in Table 2, on average, ICT Use explained more variance on science
performance than attitudes towards ICT and ICT availability. The highest explained
variance for ICT availability was in Croatia (0.044), for ICT use is in Brazil (0.056),
for attitudes toward ICT was in Macao (0.046). This means that ICT related factors
could explain around 5% additional variance in science performance. We want to
remind that these conclusions were reached in addition to all controlled student- and
school- levels variables. Finland is of interest, as for all of the ICT related factors the
unique variance explained was less than 1%. First, this finding showed that ICT
related factors could predict students’ science performance, while controlling many
important students- and school- levels variables. Second, it was concluded that the
relationship between ICT related factors and science performance differed for each
country and region.

4.2 The differential relationships in explained variances across geographical
regions

Observing differential relationships in explained variances by ICT related factors on
science performance, the patterns of these relationships were examined. The relation-
ships between R? changes and countries” ICT Development Indexes were investigated.

4.2.1 ICT availability

Based on Fig. 2, a relationship between the explained variance of science performance
by ICT availability of the countries and regions, and their IDI scores was observed. The
solid blue, green, and red trend lines and gray bands surrounding each line were
obtained using linear regression, regressing IDI scores on R? change. These trend
lines are based on few data points leading to lowered sensitivity to detect statistical
significance, hence instead of statistical significance we focus on the visual inspection
and interpretation. In South/ Latin America, the explained variances increase as DI
scores of countries increase (b=0.008, t (5) =1.334, p = 0.84). Conversely, in Europe,
the explained variances by ICT availability for science performance decrease as 1DI
scores increase (b=—0.005, t (21)=—1.755, p =0.09). In Asia and Pacific, the ex-
plained variance is similar across countries (b=0.001, t (3)=0.21, p =0.24). Overall, it
was observed that, if a country had less IDI, having more ICT availability became more
important in predicting science performance whereas when a country has a high level of
IDI, having more ICT availability has a lower role on predicting science performance.
This means that in countries with lower IDI, ICT availability could create a difference

@ Springer



6308 Education and Information Technologies (2021) 26:6299-6318

Table 2 Delta R? values for ICT Availability, ICT Use, and Attitudes toward ICT

COUNTRIES Baseline Model R2 ICT Availability- AR? ICT Use-AR?  Attitudes toward ICT- AR?

Australia 0.295 0.010 0.023 0.023
Belgium 0.243 0.023 0.032 0.029
Bulgaria 0.176 0.031 0.031 0.002
Brazil 0.199 0.022 0.056 0.029
Chile 0.245 0.040 0.038 0.022
Colombia 0.190 0.000 0.016 0.013
Costa Rica 0.187 0.010 0.026 0.032
Croatia 0.212 0.044 0.024 0.015
Czechia 0.269 0.002 0.032 0.023
Estonia 0.271 0.004 0.030 0.015
Finland 0.327 0.008 0.007 0.000
France 0.260 0.022 0.027 0.024
Greece 0.286 0.024 0.052 0.019
Hong Kong 0.163 0.022 0.025 0.037
Ireland 0.322 0.015 0.030 0.018
Iceland 0.292 0.010 0.020 0.017
Italy 0.189 0.019 0.020 0.023
South Korea 0.249 0.009 0.014 0.031
Lithuania 0.244 0.030 0.029 0.051
Luxembourg 0.304 0.020 0.030 0.026
Latvia 0.219 0.021 0.038 0.021
Macao 0.164 0.035 0.010 0.046
Mexico 0.162 0.015 0.015 0.018
Netherlands 0.215 0.020 0.011 0.015
Peru 0.260 0.008 0.027 0.010
Poland 0.290 0.018 0.053 0.035
Portugal 0.361 0.016 0.036 0.014
Russian Federation 0.194 0.013 0.046 0.018
Singapore 0.249 0.013 0.018 0.040
Slovakia 0.213 0.011 0.021 0.007
Spain 0.352 0.015 0.006 0.013
Switzerland 0.287 0.019 0.036 0.029
Thailand 0.142 0.011 0.016 0.038
United Kingdom  0.278 0.011 0.024 0.013
Uruguay 0.280 0.020 0.033 0.019
Average 0.245 0.017 0.027 0.022
Standard deviation 0.057 0.010 0.012 0.011

on students’ science performance. When the IDI level is high, the science performances
of students are more related to other variables than ICT availability.
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Model 1: (availability) Delta r2 - IDI
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Fig. 2 Explained variance by ICT availability and IDI levels of countries across regions

4.2.2 ICT use
In Fig. 3, it is shown that ICT Use showed a similar pattern as ICT Availability and IDI

scores of countries and regions. There was a relationship between the explained
variance of science performance by ICT Use and IDI levels of countries. In South/

Model 2: (use) Delta r2 - IDI
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Fig. 3 Explained variance by ICT use and IDI levels of countries across regions
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Latin America, the explained variances increase as IDI scores of countries increase (b =
0.008, t (5)=1.334, p =0.24). On the other hand, in Europe, the explained variances
decrease as IDI levels of countries increase (b=-0.007, t (21)=—2.259, p =0.04). For
Asia and Pacific, the explained variances do not change related to IDI level of countries
across the region (b=0.001, t (3)=0.308, p =0.78). Therefore, if a country had less
IDI, students’ ICT use outside of school for leisure and schoolwork, and at school in
general became more important in predicting science performance whereas when a
country had a high level of IDI, explained variance had been decreased. This means
that in countries with lower IDI, ICT use could create a difference on students’ science
performance. When the IDI level is high, the science performances of students are more
related to other variables than ICT use.

4.2.3 Attitudes toward ICT

Based on Fig. 4, a relationship between explained variances by attitudes toward ICT of
the countries and regions, and their IDI scores was observed. In South/ Latin America,
the explained variances increase as IDI scores of countries increase (b =0.006, t (5)=
1.931, p =0.11). Conversely, in Asia and Pacific, the explained variances decrease
slightly as IDI scores of countries increase (b=-0.001, t (3)=-0.582, p =0.60).
Finally, in Europe, there was no change in the explained variances related to IDI level
of countries across regions (b=—0.000, t (21)=—0.104, p =0.92). Overall, for coun-
tries with small IDI, increasing IDI level was associated with predicting science
performance by attitudes toward ICT, whereas for countries with large IDI, increasing

Model 3: (attitudes) Delta r2 - IDI
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Fig. 4 Explained variance by attitudes toward ICT and IDI levels of countries across regions
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IDI level was not associated with predicting science performance. A result to be noted
is that attitudes toward ICT do not change the explained variance on students’ science
performance related to IDI levels of countries in Europe.

5 Discussion and conclusion

The purpose of this study was to investigate to what extent there was a differential
relationship between ICT related factors and the science performance of the countries
and regions. The overall result of the study highlighted that, in PISA 2015, there was a
differential relationship between the explained variance of science performance by ICT
availability, ICT use, and attitudes toward ICT and IDI scores of countries depending
on the regions. The conclusion is important because it is obtained after controlling
many student- and school- level variables.

The major result of the study showed that when IDI levels of countries are low, ICT
related factors become more important in explaining variance of students’ science
performance. This finding in line with the results of Srijamdee and Pholphirul (2020)
that ICT familiarity is important for students’ science, mathematics, and reading
outcomes in developing countries because “countries with low ICT levels (and low
ranks) are primarily from developing world” (ITU, 2009). More specifically, related to
ICT use, when IDI levels of countries increase in Europe, the explained variance
decrease. The reason for this situation could be that many countries in Europe have
the highest IDI scores (ITU, 2009), and so students in these countries might be using
ICT resources more than the optimal time limits of “1-30 min per day on weekdays in
schools and 2-4 hours per day on weekends” (Srijamdee & Pholphirul, 2020, p. 2968).

Hu et al. (2018) claimed that IDI levels of countries had a positive influence on
science performance of students. Consistent with Hu et al. (2018), in this study we
found that the explained variances by ICT factors were also related to the national ICT
development level. It was observed that when a country had low ICT Development
Index (IDI) value, students’ ICT availability, use, and attitudes toward ICT could
explain more variance in science performance. After a certain level of IDI scores,
students’ ICT availability, use, and attitudes toward ICT would make a very limited
difference to explain change in PISA 2015 science performance. Beyond that, we
noticed that the importance of IDI levels of countries for how much ICT factors explain
science performance change according to the regions of countries.

In PISA focused studies, the importance of ICT related factors varied across
countries. For example, Park and Weng (2020) stated that students’ ICT use for
schoolwork at school and perceived ICT autonomy had more impact on the
academic performance of students in countries with high GDP per capita. Hu et al.
(2018) also showed the changing significance of ICT use for many participating
countries and found negative or no relationship in PISA 2015. Petko et al.’s (2017)
finding showed that positive attitudes toward ICT were statistically significant predictor
for science performance in 30 countries among 39 participated countries, but at
different levels. The results of the current study concurred with these findings and
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offered a more comprehensive perspective to the differential relationship. In South/
Latin America, as IDI levels of countries increase, the explained variances by ICT
availability, ICT use, and attitudes toward ICT increase. In Europe, as IDI levels of
countries increase, the explained variances by ICT availability, and ICT use decrease.
However, the explained variance by attitudes toward ICT did not make any change
depending on IDI levels of countries. In Asia and Pacific, the IDI levels of countries
increase, the explained variances by ICT availability and ICT use increase. But IDI
levels of countries increase, the explained variances by attitudes toward ICT decrease.

On the other hand, although we controlled many important student- and school-
level variables, there is still a relationship between ICT factors and science perfor-
mance. To illustrate, the medians of explained variances are 1.6% by ICT availability;
2.7% by ICT use; and 2.1% by attitudes toward ICT and these three ICT factors can
make a difference up to 4.4% in Croatia; with 5.6% in Brazil, with 4.6% in Macao,
respectively as shown in Table 2. As a result, even if there is a differential relationship
for countries and regions, ICT factors can be significant to explain PISA 2015 science
performance of students in almost all countries and regions controlling many variables.

There are many contradictory studies for explaining the role of ICT related factors
on academic performance of students (Hu et al., 2018; Petko et al., 2017; Zhang & Liu,
2016). One of the reasons for the contradictory results could be the controlled variables.
In the current study, student- and school- levels variables were chosen according to the
conceptual framework. For that reason, the reported results provide unique contribu-
tions to literature. Furthermore, a region-based approach to search for trends appear to
have a potential for understanding similarities and differences in the contribution of
different variables in students’ science performance.

For policymakers, the results imply that not only ICT development levels but also the
region of a country may need to be considered in making educational policy decisions. For
example, countries in South/Latin America may benefit from continuing investment in ICT
infrastructure and providing ways for students to access ICT resources to increase ICT
availability and consequently ICT use. On the other hand, for most countries in Europe
such a recommendation is not warranted. It appears that ICT availability is already saturated
in Europe, hence instead of further investment in ICT infrastructure, focusing efforts in
guiding how students use ICT appears to be more relevant. As discussed, one reason for
lowered explained variance for science performance by IDI scores might be that spending
too much time using ICT. If this is the case for developed countries, one such policy
guidance may involve directing effective ICT use time. A second implication for educa-
tional policy is that it may be more effective to consider ICT related factors separately from
each other rather than producing a cumulative perspective. For example, in Europe while
the explained variances by ICT availability almost remain constant with respect to increas-
ing IDI levels, the explained variances by ICT use decrease with increasing IDI levels.

This study has a few limitations. First, 35 countries of 72 countries that attended
PISA 2015 could be included in the current study because only 35 countries had ICT
related datasets. Hence, other countries had to be excluded. This is a major concern for
two of the three regions we investigated because the data points were limited. Further
research is required to replicate the current results. Such research is only possible with
data from different countries, hopefully, in the following PISA cycles, more countries
select to be included in ICT related data collection.
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Appendix

Table 3 Detailed information of participated students and coverage index for the national desired target
population

COUNTRIES Total in national Number of Coverage of Regions

desired target participating national desired

population students population
Australia 282,547 14,530 0.947 Asia & Pacific
Belgium 121,694 9651 0.983 Europe
Brazil 2.853,388 23,141 0.972 South/Latin America
Bulgaria 59,397 5928 0.973 Europe
Chile 245,852 7053 0.983 South/Latin America
Chinese Taipei 287,783 7708 0.993 Asia & Pacific
Colombia 674,079 11,795 0.999 South/Latin America
Costa Rica 66,524 6866 0.998 South/Latin America
Croatia 35,920 5809 0.964 Europe
Czech Republic 90,076 6894 0.976 Europe
Estonia 11,491 5587 0.945 Europe
Finland 58,955 5882 0.972 Europe
France 778,679 6108 0.958 Europe
Greece 105,253 5532 0.981 Europe
HongKong (China) 61,630 5359 0.982 Asia & Pacific
Iceland 4195 3374 0.964 Europe
Ireland 59,811 5741 0.969 Europe
Italy 567,268 11,583 0.962 Europe
South Korea 619,950 5581 0.991 Asia & Pacific
Latvia 16,955 4869 0.949 Europe
Lithuania 32,097 6525 0.949 Europe
Luxembourg 6053 5299 0918 Europe
Macao (China) 4417 4476 0.999 Asia & Pacific
Mexico 1.401,247 7568 0.991 South/Latin America
Netherlands 200,976 5385 0.963 Europe
Peru 478,229 6971 0.985 South/Latin America
Poland 361,600 4478 0.976 Europe
Portugal 101,107 7325 0.987 Europe
Russia 1.172,943 6036 0.977 Europe
Singapore 47,050 6115 0.987 Asia & Pacific
Slovak Republic 55,203 6350 0.957 Europe
Spain 414276 6736 0.968 Europe
Switzerland 83,655 5860 0.956 Europe
Thailand 756,917 8249 0.984 Asia & Pacific
United Kingdom 746,328 14,157 0.918 Europe
Uruguay 43,865 6062 0.999 South/Latin America
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