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Abstract

This study uses PISA 2018 data to analyze, from a multinational perspective, whether
interest in environmental issues is a determining factor of science literacy. A relational survey
model is used as a quantitative research design to analyze secondary data obtained from the
PISA 2018 evaluation data of 98,306 students at the age of 15 in 15 different countries and
economies. Several statistical tests, including t-test, multiple regression analysis, and
artificial neural network analysis are employed. According to the results of the analysis,
significant differences are found between the science literacy scores of students who are ‘very
interested’ in the environmental issues in their country and those who are not at all interested.
Similarly, significant differences are found between the science literacy scores of students
who are ‘very interested’ in environmental issues in other countries and those who are not at
all interested. In addition, students' relevance to environmental problems are factors that
statistically predict students' science literacy in a significant way.

Keywords: environmental issues, science literacy, PISA 2018, large scale assessment,
artificial neural network analysis

Introduction

Environmental issues are a global topic area that concerns all countries.
Environmental issues have been on the agenda of countries for many years. Whether or not
one has a responsible attitude towards the environment is an international concern, and it is
also of economic importance for countries (Thomson & De Bortoli, 2008). It can be said that
tactors such as the decrease of the arable lands in the world, pollution of groundwater and
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surface water and being close to extinction in forests, fisheries and oil resources have an
important effect on the view of countries about environmental issues (Wilson, 2002). All of
these open up environmental issues to debate, and against the environmental problems which
are getting more and more complicated, countries are obliged to face the need to develop an
understanding in their citizens to deal with environmental issues (Bybee, 2008). The fact that
individuals do not have sufficient understanding about basic environmental issues is often
seen as a cause of environmental destruction (Schneider, 1997).

In addition to the need of individuals who are interested in environmental issues, it
can be said that countries also need individuals who are successful in the field of science in
order to create the scientific staff’ they will need in conducting scientific research and
producing technological innovations (Areepattamannil & Kaur, 2013; Organisation for
Economic Co-operation and Development [OECDT, 2013). It is important to provide good
science education in schools so that countries can achieve this. According to Susongko &
Afrizal (2018), one of the most important goals in a good science education is for students to
reach scientific literacy. Holbrook & Rannikmae (2009) define increasing science literacy
through science education as developing the ability to use appropriate evidence-based
scientific knowledge and skills creatively, especially in relation to daily life and professional
career. The fact that science literacy was determined to be the main focus subject in the 2015
and 2006 implementations of Programme for International Student Assessment (PISA),
which is supported by the OECD and which offers opportunity to evaluate countries' and
economies’ education systems on an international platform (OECD, 2016), can be considered
as an indicator of the importance given to science literacy globally. In the PISA 2018
evaluation, which emphasizes the application of science literacy and scientific knowledge in
the context of real world situations, “environment” is one of the content areas used in
cognitive test questions within the scope of science literacy (OECD, 2019a). In other words,
real-world applications of environmental issues are evaluated within the scope of science
literacy.

In general, environmental issues are associated with science lessons. According to
Littledyke (2008), science education plays an important role in understanding the concepts
that support environmental problems with scientific evidence and pave the way for
environmental protection behaviors. There are several studies in the literature suggesting
that environmental issues are related to the individual's science literacy (Areepattamannil &
Kaur, 2013; Bybee, 2008; Kaya & Elster, 2018; OECD, 2006). OECD (2006) expresses the
students' responsibility for the environment, their general appreciation, attitudes towards
science issues, as one of the areas that constitute their perspective on science-related issues.
Bybee (2008) argues that individuals with science literacy are more knowledgeable about
environmental issues. According to Areepattamannil & Kaur (2013), one of the individual
level factors affecting science success is students' awareness and perceptions about
environmental issues. Kaya & Elster (2018) state that science literacy, which is of great
importance for PISA, contains items related to environmental issues. All these views reveal
that although science literacy involves many topics, environmental issues have an important
role in developing science literacy. In this context, a multinational study investigating
whether students' interest in environmental issues in real life is an effective factor in
improving science literacy may be an important research objective.

The vision of science literacy, which emphasizes students' ability to use science in real
life contexts, calls for comparisons in science education (Sadler & Zeidler, 2009). In this
regard, comparing the science literacy scores of students who are interested in environmental
issues in real life with that of those who are not interested is important for understanding the

FIRE: Forum for International Research in Education



U. B. Ozkan 117

impact of interest in environmental issues on science literacy. In addition, the young
population's interest in environmental issues and the level of science literacy may have an
impact on the country's more livability and international competitiveness in tomorrow's
high-tech industry. Considering the importance of being interested in environmental issues
and science literacy, it can be said that it is important to examine the effect of students'
interest in environmental issues on science achievement.

Research Questions

In this study, it is aimed to examine, from a multinational perspective, whether
interest in environmental problems is a determining factor on science literacy. For this
purpose, questions, answers of which are sought, are these:

1) Is there a significant difference between the science literacy scores of students
who are interested in environmental problems and that of those who are not
interested?

2) Isinterest in environmental problems a significant predictor of science literacy?

Method

In this study, which used a relational survey model, which is a quantitative research
model, the secondary data obtained from the PISA 2018 evaluation were analyzed. It can be
said that the analysis of the secondary data is a research method that applies the same basic
research principles as the studies using the primary data and has some steps to be followed
(Johnston, 2017). Analysis using secondary data can be defined as an analysis of an existing
database in order to review the literature, to answer unique research questions with diftferent
research methods, or to answer new questions with old data (Turner, 1997). Researchers can
use secondary data to answer new research questions, support / expand original analysis, or
compare with other (primary or secondary) data sources (McGinn, 2008). This data can
provide researchers with resources to examine and analyze new hypotheses, to learn about
research questions apart from the original data collection goal, and to obtain new and / or
additional comments and conclusions that are not found in the original research findings
(Sherif, 2018). The reason why this method was preferred in this research was that the
analysis made with the secondary data could be used to make comparative analysis in different
contexts, in different time periods and between different social groups and cultures (Corti,
2008).

Sample

The data of this study were obtained from the target population, which includes
students aged 15 in 15 participating countries and economies who responded to the questions
"How interested are you in the following issues Environmental issues in your country &
Environmental issues in other countries" in the PISA 2018 assessment. The student sample
was decided by the National Project Managers (NPMs) to ensure the representation of the
tull target population of 15-year-old students in the participating countries and economies
and by maintaining PISA-related quality standards (For more information about the
sampling method, see https://www.oecd.org/pisa/data/pisa2018technicalreport/). PISA
2018 sampling design is a two-stage stratified sampling design for every country except
Russia, which is outside the scope of this study. At the first stage, at least 150 school samples
were selected by taking the factors such as school location and education level (lower
secondary or upper secondary school) into account, and in the second stage, approximately
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42 students aged 15 were selected from these schools (OECD, 2019b). The numbers related
to the sample set used in this study, representing the participating countries and economies
in the PISA 2018 evaluation, are presented in Table 1.

Table 1.
Sampling of the Countries and Economaies in the Study
Numbers of students Numbers of students
C . answering the question:‘How  answering the question:
ountries . . « . .
and Number of 1‘nteresited'are you in the How mte.rest.ed are you in
. Samples following issues? the following issues?
economies i . ) . . )
Environmental issues in your ~ Environmental issues in other
country” countries”
Brazil 10691 8564 8435
Chile 7621 6791 6787
Croatia 6609 5643 5635
Dominican = . 5268 5266
Republic
Georgla 5572 5280 5225
Germany 5451 2551 2545
Hong Kong 6037 5450 5447
Ireland 5577 4907 4899
[taly 11785 9869 9852
Korea 6650 6504 6479
Macao 3775 3678 3665
Malta 3363 2640 2642
Mexico 7299 6848 6838
Panama 6270 4722 4690
Portugal 5932 5334 5320
Total 98306 84049 83725

When Table 1 is examined, it is seen that all 98306 students could not be included in
the study since some of the students left the questions “How interested are you in the
tollowing issues? Environmental issues in your country & Environmental issues in other
countries” blank. The group included in the study can be accepted as a simple random
sampling of the sample, since the data of the students excluded from the study are not related
to the values of the other students in the sample and this situation is meaningtful for all
students in the sample (Allison, 2002).

Instrument

The data of this study were obtained from the students' scores from the science
literacy test applied in the PISA 2018 study and their answers to the student survey
questions. Scientific literacy in PISA is defined as “the ability to engage with science-related
issues, and with the ideas of science, as a reflective citizen” (OECD, 2019a, p. 15). The
scientific literacy assessment in PISA 2018 “tests student ability at three different levels of
cognitive demand” (low, medium, high cognitive demands) (Thomson et al.,, 2019, p. 27).
Science items in PISA 2018 assessment designed “to measure students’ capabilities to explain
phenomena scientifically, evaluate and design scientific enquiry, and interpret data and
evidence scientifically” (OECD, 2019a, p. 100). Scientific knowledge includes “content
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knowledge (the content of science, which accounted for 54% - 66% of the total test items),
procedural knowledge (the knowledge of the procedures that scientists use to establish
scientific knowledge, which accounted for 19% - 31% of the total test items), and epistemic
knowledge (an understanding of the rationale for the common practices of scientific inquiry,
the status of the claims that are generated, and the meaning of foundational terms such as
theory, hypothesis and data, which accounted for 10% - 22% of the total test items)” (Ma &
Qin, 2021, p. 7).

PISA 2018 has determined ten plausible values for each participant student as an
indicator of science literacy. The potential value methodology uses efficiency distributions
and takes error at the individual level into account, using efficiency values with multi equals
instead of assuming zero uncertainty (OECD, 2017). Therefore, ten plausible value
estimations are made independently for each student. Using any of these 10 values or using
the average of these 10 values may cause the standard error to be smaller than normal
(Rutkowski et al., 2010). OECD (2009) recommends using all of these plausible values for
each student in studies using PISA data. For the reasons explained, in this study, all plausible
values are included in the analysis.

In PISA 2018, questions in the student questionnaire are used to define the
characteristics of students that affect science literacy. In this study, the questions coded
PA169Q03HA and PA169Q04HA were used to examine the determining role of students'
interest in environmental issues on science literacy. The question with the code of
PA169Q03HA is: How interested are you in the following issues? Environmental issues in
your country. The question with the code of PA169Q04HA is: How interested are you in the
tollowing issues? Environmental issues in other countries’. For these questions, students
were asked to choose one of the options “not interested at all”, “not very interested”,

» o«

“somewhat interested”, “very interested”.

Data Analysis

In this study, for students of 15 different countries and economies, the determining
role of being related to environmental issues on science literacy was analyzed. In this study,
firstly, independent samples t-test was used to examine whether there is a significant
difference between the scores of students who are very interested in environmental issues and
students who are not interested at all to environmental issues. In the next step of the research
process, multiple regression analyzes were conducted using the science literacy scores as
dependent variables and students' preferences to be interested in environmental issues as
independent variables. IIEA International Database Analyzer Version 4.0.35 (IDB Analyzer)
software was used to perform multiple regression analysis and t-test. IDB Analyzer was
developed to analyze large-scale assessments. IDB Analyzer can perform statistical analysis
taking sampling design, sampling weights and plausible values into account. Considering the
unique structure of PISA, IDB Analyzer can analyze multiple regression and calculate
regression coefficients for independent variables that predict dependent variables with 10
different plausible values. Therefore; in this study, where large scale evaluation data was used,
IDB Analyzer was applied to obtain reliable results.

The dummy variables required to analyze the effect of the classified variables on the
dependent variable are automatically generated by the IDB Analyzer program. IDB Analyzer
provides appropriate tools to estimate the coefficients and sampling errors that reflect the
sample design, and it can be said that assumptions about multiple regression (normality,
multicollinearity) need to be verified (Mirazchiyski, 2014). Since the data of over 80 thousand
participants were analyzed in this study, it can be accepted that the distribution is normal.
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The study of Lumley et al. (2002) shows that normal distribution assumption is not required
in sufficiently large samples. In addition, both the 'law of large numbers' and the "central
limit theorem" mechanisms work for large samples. Because the sample mean of a large
number of observations will be close to the average, or even if the observations themselves
do not have a normal distribution, they will show a distribution close to normal (Shatskikh &
Melkumova, 2016). Correlation matrix performed to check whether there are multiple
connectivity problems between the predictive variables is given in Table 2.

Table 2.
Correlation Matrix between Predictive Variables
Countries and economies Variables PA169Q04HA
Brazil .57
Chile .63
Croatia .65
Dominican Republic 46
Georgia 49
Germany .68
Hong Kong 67
Ireland PA169Q03SHA 67
[taly .62
Korea .59
Macao .55
Malta .55
Mexico .59
Panama 49
Portugal 65

According to the values given in Table 2, it can be argued that there is no
multicollinearity problem among the predictor variables of this study since the mutual
correlations between the predictive variables do not exceed the recommended limit of 0.80 in
the literature (Kim, 2019; Midi et al., 2010).

In this study, the order of importance of independent variables in multiple linear
regression analysis was determined by Artificial Neural Network (ANN) analysis and
compared with the results obtained from multiple linear regression analysis. Having been
inspired by the human brain neural network, ANN is considered a mathematical model that
stands for a substantially parallel and distributed processing system (Greenwood, 1991;
Haykin 1999; Haykin, 2009; Pektas, 2013). In biological systems, learning incorporates
modifications to the synaptic connections occurring between the neurones. The neural
network approach was initially introduced to act like the human brain in solving problems.
The novelty of this approach lies in its way of processing information (Greenwood, 1991). An
ANN model comprises massive numbers of processing elements (neurones) that are
interconnected and work together to solve sophisticated problems (Haykin, 1999). Among
the three models of computer-based learning, namely supervised learning, unsupervised
learning and reinforcement learning, an ANN model can be identified as supervised learning,
since learning occurs depending on pre-existing examples known as training data. An ANN
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can be constructed for pattern recognition, data classification, and/or training and learning
treatments.

As presented in Figure 1, an ANN model is composed of three layers of input, hidden
and output. The hidden nodes is the layer where the inputs of x1, x2,..., Xxn are processed and
the output yk is released.

Figure 1.
Sample ANN model
input nodes hidden nodes output node
Yk
X1 1O Xn

nito Nm

Owing to its computational power and the ability to process various types of data, the
ANN model is utilized in various fields of information systems such as e-learning (Scott &
Walczak, 2009; Shmueli & Koppius, 2011). Considered as non-parametric based models, the
ANN models suggest diverse advantages with no consideration for distribution of input data,
but with a strength of capturing linear and nonlinear relationships. Conversely, parametric
based models hold certain concerns about distribution of given data (Hair et al., 2010).

During ANN analysis, students' science literacy scores was taken as the output
variable, also called the output layer, which corresponds to dependent variable in statistics.
The predictive variables are students' preferences to be interested in environmental issues.
All the variables in the model were undergone a transformation of "normalized". In the
partition of data set, random cases were assigned in accordance with relative case number.
The present data were classified as training data, testing data, and validation data. No specific
method exists in the classification of data. According to Zhang et al.,, (1998), data are
tfrequently classified as 80% training and 20% testing or 70% training and 30% testing. In
this study, the rates were defined as 60% training data, 30% testing data and 10% validation
data. The reason for using 10% verification data in this study is that overfitting, which is a
condition to be considered in machine learning, such as ANN, can be prevented. In this study,
which uses a large data set, 60% training data, 30% testing data, 10% holdout data are divided
into both the training data and the holdout data feature, which can be used in the latest
versions of the SPSS program, to prevent overfitting. Thus, the training-test-verification set
triplets were created and the model was run on more data and measures were taken for
overtitting.
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IBM SPSS Statistic 22 pack was utilized during analyses, where the architecture of
the ANN model was automatically designed. With the selection of automatic architecture,
hyperbolic tangent function was identified as the interlayer activation function and identity
tunction was selected for the output layer. In automatic architecture selection option, number
of hidden layers is chosen as 1. Literature reveals frequent use of 3-layered network
structures with one hidden layer (Han & Wang, 2011; Hippert et al., 2001; Zhang et al., 1998).
In ANN analysis, online learning was preferred as the learning method. The existence of
interdependence of analysis data was the rationale behind this selection.

Results
Results for the First Research Question

The first research question aims to determine whether there is a significant difference
between the science literacy scores of students who are interested in environmental problems
and that of those who are not interested. The results of the t-test conducted to determine
whether there are significant differences between the science literacy scores of students who
are not interested in environmental problems in their country and who are very interested in
it, are presented in Table 3.

Table 3.
“t” Values for Science Literacy Scores in Terms of Interest in Environmental Problems in the Country
Average Point

Countries and - Effect Size
. Not interested at . t value .

economies Al Very interested (Cohen’s d)
Brazil 378.39 421.89 7.52** 49

Chile 392.34 457.07 8.95™* .81
Croatia 432.84 489.26 6.39** .69
Dominican Republic 305.98 341.69 6.78"" .53
Georgia 319.89 394.58 9.77"" .99
Germany 482.88 542.01 2.79™ .60

Hong Kong 505.22 527.43 2.70™ 26
Ireland 447.99 510.09 7.08™* 72

[taly 427.42 484.02 471 65

Korea 428.56 530.86 5.18* 1.06
Macao 501.41 549.97 5.68™ .60

Malta 422.31 483.19 4,87 .60
Mexico 386.02 430.73 6.72** 61
Panama 311.08 372.73 6.77"" T4
Portugal 423.81 508.68 4.98™ 97

** t value is significant at the 0.01 level.

As shown in Table 8, in all countries and economies included in the study, it was found
that there were significant differences between the science literacy scores of students who
were not interested in environmental problems in their country and who were very interested
in them. It can be stated that the effect size of the differences found is high for Chile, Georgia,
Korea, Portugal, medium for Brazil, Croatia, Dominican Republic, Germany, Ireland, Italy,
Macao, Malta, Mexico, Panama, and low for Hong Kong (Cohen, 1988). The results of the t-
test carried out in order to determine whether there are significant differences between the
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science literacy scores of the students who are not interested in environmental problems in
other countries and who are very interested in them are presented in Table 4.

Table 4.
“t” Values for Science Literacy Ccores in Terms of Interest in Environmental Problems in other
Countries and Economies

Average Point

Countries and - Effect Size
. Not interested at . t value .
economies Al Very interested (Cohen’s d)
Brazil 383.46 429.80 8.17** .52
Chile 416.94 464.93 9.68** 61
Croatia 487.19 497.11 8.40™* .68
Dominican Republic 318.78 339.62 4.58"" .81
Georgia 359.32 392.93 4.87" 41
Germany 466.80 550.06 7.839™ .88
Hong Kong 505.46 518.44 1.57 .15
Ireland 461.56 517.93 9.08™ .66
[taly 436.24 491.94 7.79™ 64
Korea 462.68 538.89 6.39** 15
Macao 518.90 548.40 4.15™ .85
Malta 431.58 498.40 7.97** .64
Mexico 399.23 482.78 6.43™* 45
Panama 333.27 379.81 6.28** .55
Portugal 485.98 517.19 9.39™ .92

** t value is significant at the 0.01 level.

As shown in Table 4, in Macao and countries other than Hong Kong, it was found
that there were significant differences between the science literacy scores of students who
had no interest in environmental problems in other countries and who were very interested
in them. It can be stated that the effect size of the differences found is high for Germany,
Portugal, medium for Brazil, Chile, Georgia, Croatia, Ireland, Italy, Korea, Malta, Mexico,
Panama, and low for Dominican Republic, Macao (Cohen, 1988).

Results for the Second Research Question

The second research question aimed to determine the predictability of students'
interest towards environmental problems on science literacy. Multiple linear regression
analysis was performed to answer this research question. In Table 5, the model summary of
the regression analysis and the results of the regression coefficients are given.

The multiple regression analysis results presented in Table 5 revealed that students'
interest status variables explained 8% (R? = .03) of the variation in science literacy scores.
According to Table 6, the predictor role of all independent variables is statistically significant.
Students who are interested in environmental problems in their home country and other
countries have higher science literacy scores than students who have no interest. According
to Table 5, a student who is very interested in environmental problems in his own country
has a science literacy score of 31.50 points higher than a student who is not interested at all.
The fact that a student is very interested in environmental problems in other countries
contributes 85.79 points to the science literacy score, compared to a student who is not
interested at all.

FIRE: Forum for International Research in Education



124 Interest in Environmental Issues as a Determinant of Science Literacy

Table 5.
Regression Analysis Model Summary

Adjusted R?= .03
I change= 517.85

<.01
Model P
Coefficients
t
B Std. Error  Beta (B)
(Constant) 407.80  3.02 185.15™
. Not very interested 19.70  2.05 .09 9.62™"
Environmental
issues in other Somewhat interested  29.13  2.05 .16 14.28™
countries Very interested 3579  2.32 .16 15.45™
. Not very interested 14.16  3.56 04 3.98™
Environmental
issues in your Somewhat interested ~ 24.15  3.46 14 6.97""
country Very interested 31.50  38.58 17 8.80™"

** t value is significant at the 0.01 level.

ANN analysis was used in addition to multiple linear regression analysis in the
analysis of the data. First, the order of significance of the predictability of the students'
interest status of environmental issues in their home country on science literacy scores was
determined by ANN analysis. The run summary of data included to ANN analysis is
presented in Table 6.

Table 6.
ANN Data Run Summary for Students’ Interest Status of Environmental Issues in their Country on
Science Literacy Scores

N %
Training data 50008 60.2%
Testing data 24834 29.9%
Validation data 8291 10%
Valid data 83133 100%
Excluded data 0
Total 83133

Table 6 shows that the whole data set was split into training (60.2%, n=50008),
testing (29.9%, n=24834) and validation (10%, n=8291). All data used were valid, no data
were excluded. The structure of the established ANN model and the neural networks are
presented in Figure 2.

The weights of independent variables in the artificial neural network can be seen in
Figure 2. To determine the ratings of independent variables' (students' interest status of
environmental issues in their home country) importance, in accordance with the weights
linking the artificial neural cells in the network, the ratings were defined in percentages and
are presented in Table 7.
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Figure 2.
ANN Model Structure for Students' Interest Status of Environmental Issues in their Home Country

on Science Literacy Scores
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Table 7.
The Importance Ratings of Independent Variables (Students' Interest Status of Environmental Issues
in thetr Home Country) Related to Atudents' Science Literacy Scores

Importance Normalized Importance
Not very interested 284 76.4%
Somewhat interested 344 92.6%
Very interested 872 100%

The values in Table 7 show that to be very interested in environmental issues in their
home country as the most important independent variable in the ANN structured for
students' science literacy scores. The other variables following this independent variable are
“to be somewhat interested (92.6%)”, and “to be not very interested (76.4%)”. The importance
order obtained from ANN analysis where students' interest status of environmental issues in
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their home country are used as independent variables (Table 7) and the order of importance
obtained from multiple linear regression analysis (Table 5) are consistent with each other.
Second, the order of significance of the predictability of the students' interest status
of environmental issues in other country on science literacy scores was determined by ANN
analysis. The run summary of data included to ANN analysis is presented in Table 8.

Table 8.
ANN Data Run Summary for Students' Interest Status of Environmental Issues in Other Country on
Science Literacy Scores

N %
Training data 50096 60.3%
Testing data 24619 29.6%
Validation data 8418 10.1%
Valid data 83133 100%
Excluded data 0
Total 83133

Table 8 shows that the whole data set was split into training (60.3%, n=50096),
testing (29.6%, n=24619) and validation (10.1%, n=8418). All data used were valid, no data
were excluded. The structure of the established ANN model and the neural networks are
presented in Figure 3.

The weights of independent variables in the artificial neural network can be seen in
Figure 3. To determine the ratings of independent variables' (students' interest status of
environmental issues in other country) importance, in accordance with the weights linking
the artificial neural cells in the network, the ratings were defined in percentages and are
presented in Table 9.

The values in Table 10 show that to be very interested in environmental issues in
other country as the most important independent variable in the ANN structured for
students' science literacy scores. The other variables following this independent variable are
“to be somewhat interested (89.4%)”, and “to be not very interested (63%)”. The importance
order obtained from ANN analysis where students' interest status of environmental issues in
other country are used as independent variables (Table 9) and the order of importance
obtained from multiple linear regression analysis (Table 5) are consistent with each other.

Discussions and Recommendations

In this study, by using the student survey data of PISA 2018 assessment and probable
science values calculated for each student, the determining role of students' level of interest
in environmental problems on students' science literacy was examined. Whether the findings
obtained are statistically significant were analysed and similarities and differences in
countries and economies were examined. It can be stated that this study provides scientific
evidence that students' interest in environmental problems is a determining factor in science
literacy. It can be said that these results have similarities for 15 countries and economies
within the scope of the study.

First, the t-test results show that there are significant difterences between the science
literacy scores of students who are very interested in environmental issues and that of those
who are not interested. In other words, students who are very interested in environmental
problems in their country and other countries have higher science literacy scores than
students who are not interested at all. It can be stated that this result is consistent with other
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studies in the literature (Areepattamannil & Kaur, 2013; Kilic Depren, 2018; Thomson & De
Bortoli, 2008). In these studies, researchers have suggested that students' science literacy
may increase and develop when they are interested in environmental problems. It can be said
that it is remarkable to develop policies and strategies to increase participation and interest
in environmental activities, as the results of this study confirm that students' interest in
environmental problems affects science literacy. Encouraging students to be interested in
environmental issues can lead to significant improvements in their science literacy
performance.

Figure 3.
ANN Model Structure for Students' Interest Status of Environmental Issues in Other Country on

Science Literacy Scores
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Secondly, multiple linear regression and ANN analysis results have shown that the
increase of students' interest in environmental problems positively contributes to their
science literacy scores. This result is also important to highlight the link between science
literacy and environmental issues. The link between science literacy and awareness of
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environmental issues has not yet been studied adequately (Boeve-de Pauw et al., 2010), but
the results of this study can be said to increase our knowledge of this topic, emphasizing the
strong link between relevance to environmental issues and science literacy.

Table 9.
The Importance Ratings of Independent Variables (Students' Interest Status of Environmental Issues
in Other Country) Related to Students' Science Literacy Scores

Importance Normalized Importance
Not very interested 250 63%
Somewhat interested 354 89.4%
Very interested 396 100%

According to the findings, although regression analysis showed a statistically
significant relationship (p < .01), the amount of variation explained was very low (R?=0.8%).
R? alone does not reflect the entire picture with respect the efficiency of a sample regression
curve; consequently, for large sample size as PISA 2018, the small R? value is statistically
significant (Giinel, 2003). Therefore, two variables that play role concerning science literacy
are student interestedness of environmental issues in both home and other countries. It is not
surprising that promoting students’ interestedness of environmental issues can lead to
significant improvements in performance in science subjects. One of the five science and
technology applications in which the contexts of the contexts in the PISA science assessment
are categorized is environmental quality, and the topics covered by environmental quality are
environmentally friendly actions, use and disposal of materials and devices, disposal of waste,
environmental impact biodiversity, ecological sustainability, control of pollution, production
and loss of soil / biomass (OECD, 2019a). Thus, students who are interested in
environmental issues may have increased their science scores by answering the relevant items
correctly due to their familiarity with this content.

In fact, multiple linear regression and ANN analysis results show that students' being
relevant to environmental issues to a degree is enough to increase their science literacy
scores. Similar to this result, Alivernini & Manganelli's (2015) study covering 25 countries
has shown that students with a lower level of environmental awareness have a very low
success rate in science literacy, while students who tend to have a higher level of
environmental awareness are the best performers. Considering that science subjects are
taught in a more practical way in schools where there are students with higher environmental
awareness (Boeve-de Pauw et al., 2010), schools may need to increase measures to enhance
students' interest in environmental issues.

It has been shown in various studies that students' family and school characteristics,
social interactions, epistemic beliefs affect their interest in environmental issues (Duarte et
al., 2017; Lin & Shi, 2014; Susongko, & Afrizal, 2018). Considering these findings together
with the results of this study, it can be argued that content and processes related to
environmental issues should be integrated into daily life and education programs in order to
increase and support students' science literacy.

One of the limitations of this research is the measurement of the complex structures
that Singh et al,, (2002) also emphasize in their study. Being interested in environmental
problems is a complex variable that is difficult to determine with high reliability and validity.
Even if there are precautions against this in the design and implementation of PISA 2018,
the low number of questions, from which data on independent variables are obtained, can
limit the reliable and valid measurement of predictive factors. Despite this limitation, it can
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be said that the fact that all analysis results are statistically significant and their eftect sizes
are high supports the robustness of the theoretical model that shows the importance of these
predictive variables in science literacy. In this context, future research should include
variables that further explain students' interest in environmental issues. Moreover, more
scientific evidence is needed on the effects of interest in environmental issues on science
literacy, and analysis with alternative research designs can provide more accurate evidence
about this matter. In this context, qualitative methods can help understanding how students
are really interested in environmental issues and identifying factors predicting science
literacy.

In summary, in this study, where the role of relevance of students in 15 different
countries and economies to environmental issues on science literacy was analysed, it was
found that in general, being related to environmental problems had positive and important
effects for science literacy, and the findings in this study are consistent with the current
literature. This result is of great importance for policy makers, and the effects of interest in
the environment can serve to establish policies to increase and improve science literacy, which
has an important role in making countries have a voice in the international arena. In addition,
the results of the research show that the students' interest in environmental problems both
in their own country and in other countries increases science literacy. For this reason, this
research emphasizes the importance of students' being concerned with environmental
problems, and underlines that the ways, which increase the environmental awareness of
families, teachers and school administrators, should be taken into consideration.

Notes

1. While calculating the effect size, Cohen's d = (M2 - M1)/ SDpooled & SDpooled =
\/((SDF + SD.?)/2) formulas were used.

2. In 15 countries and economies within the scope of the study, it was also examined
whether there was a significant difference between the science literacy scores of the students
who answered “not interested at all” and “very interested” and students who answered “not
very interested” and “somewhat interested” to the survey questions. The differences and
impact levels are very similar and are available upon request..
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