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Abstract
As scientific literacy plays a contributing role in identifying, analysing, and solving environmental matters
that our world is facing, there is growing consensus to mandate environmental matters in science class-
rooms following five decades of efforts in promoting environmental education. However, much remains
unknown about the relationship between students’ awareness of environmental matters and their science
literacy scores on standardised test. Using data drawn from the 2015 Program for International Student
Assessment (PISA) science performance assessment, this study investigates the relationship between
students’ awareness of environmental matters and their science literacy scores in the context of established
predictors for science learning. In all the regions’ multilevel models ranging from medium to large effect
sizes, a significant and positive relationship emerges between students’ awareness of environmental matters
and science literacy scores. Among the well-known predictors for science learning, student science self-
efficacy associates positively with student science literacy scores across the regions. In contrast, inquiry-
based science instruction associates negatively with the scores. Except for these two well-known predictors,
variations exist in the relationships between other variables among the regions. Given all the regions’
evidence showing the positive linkage between students’ awareness of environmental matters and science
literacy scores, the present study signifies the importance of integrating environmental issues into
traditional science classrooms, suggesting that there should be systematic supports that enable both
environmental and science educators to collaborate towards the development of an interdisciplinary envi-
ronmental science curriculum.

Keywords: Awareness of Environmental Matters; Environmental Education; Science Literacy; Science Instruction; Science
Self-Efficacy

Introduction
The importance of incorporating environmental matters into classrooms has been recognised
since 1972, when environmental education (EE) was introduced in the Declaration of the
United Nations Conference on the Human Environment (Whang, 2019). With five decades of
efforts promoting EE, a widespread awareness of EE has emerged globally. However, the wide-
spread attention does not necessarily align with the incorporation of EE into core science curricula
for elementary and secondary schools, while science literacy can play a contributing role in iden-
tifying, analysing, and solving a range of environmental problems that we currently face (Dawson
et al. 2022; Hicks et al., 2010; Lin & Shi, 2012). Namely, students should be equipped with the
interdisciplinary skills that enable them to apply science literacy to understanding and developing
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problem-solving strategies for environmental matters such as climate change and sustainability
(Evans & Achiam, 2021; You et al., 2019). In this sense, integrating EE into core science curricula
would allow students to understand the dark sides of scientific breakthroughs related to the
current Anthropocene mass extinction (Cole & Malone, 2019); further, it could help students
build their emotional connections with natural environment and identify how to solve environ-
mental degradation using scientific knowledge and methods, with the goal of improving environ-
mental quality. Nevertheless, EE tends to take a back seat in that EE is still not a core curriculum
component across countries (UNESCO, 2021).The mismatch between the rhetoric of promoting
EE and the actions of adopting EE into core science curricula reflects that many influential stake-
holders, such as policy makers and teachers, tend to be somewhat sceptical of taking steps towards
mandating EE. Indeed, rather than how to integrate environmental matters into core science
curricula, greater attention has been paid to how to prepare students for an international stand-
ardised test like PISA across countries (Dawson et al., 2022).

Accordingly, there has been a growing interest in exploring factors associated with students’
science performance on a standardised tests. Despite the ever-increasing interest, students’ aware-
ness level of environmental matters, which mirrors students’ exposure level of EE, has been less
considered a key factor contributing to their science performance on a standardised test in the
extant literature (Aikens & McKenzie, 2021). In this respect, this study focuses on investigating
the relationship between students’ awareness of environmental matters and their science achieve-
ment scores on the standardised test of the Programme for International Student Assessment
(PISA), after considering well-known predictors for science learning across various regions.
PISA refers to the Organisation for Economic Co-operation and Development (OECD)’s
Programme, which measures 15-year old students’ skills and knowledge in reading, mathematics,
and science across countries.

As a criterion of region selection for this study, this study focuses on 30 regions showing at and
above average science scores of OECD countries as shown in Table 1 (OECD, 2015). This study
compares science learning dynamics of students’ awareness of environmental matters and science
literacy on PISA’s standardised test among the 30 regions, providing evidence on whether it is
important to integrate EE into core science curricula. While we are now facing the sixth mass
extinction in the Anthropocene, core science curricular rarely address strategies to mitigate envi-
ronmental degradation based on an understanding of how human activities contributed to the
sixth mass extinction (Wallace, Bazzul, Higgins & Tolbert, 2022). Given the urgent reality that
the current Anthropocene mass extinction is directly related to all students’ future well-being
and safety (Wagler, 2011; Wallace et al., 2022), this study yields insights into the development
of a sense of solidarity in taking active actions towards mandating EE in traditional science class-
rooms across the globe. Namely, a sense of urgency on environmental degradation allows us to
develop a sense of solidarity in preventing the sixth mass extinction; incorporating EE into tradi-
tional science classrooms would enable students to explore environmental problems. The inter-
disciplinary curriculum could encourage students to engage in problem-solving activities through
making emotional connections to nature, thereby allowing students to prepare for the environ-
mental challenges and help protect the environment.

Theoretical Framework
This study utilises Roeser and Peck’s (2009) notion of contemplative education, which intends to
cultivate conscious awareness of a problem that needs a solution for both students and others.
Solving the problem is tied to student personal learning growth that has the potential to play
a role in committing prosocial acts such as pro-environmental actions. Roeser and Peck concep-
tualise that students’ awareness of a problem could motivate them to learn a subject. With the
motivation, students would increase their volition to learn the subject and then build self-efficacy
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related to the topic, contributing to academic achievement in that particular subject. Cultivating
students’ conscious awareness towards deep learning for the subject could be carried out by
teaching practices. Here, the subject is deemed a core subject that is mandatory for school-age
students such that a core subject like science could incorporate real-world problems (e.g., envi-
ronmental problems). Figure 1 presents Roeser and Peck’s (2009) notion that posits the

Table 1. Average scores of 15-year-old students on the PISA Science Literacy Scale by education system in 2015

Education System Average Score S.E. OECD

Singapore 556 1.2 No

Japan 538 3.0 Yes

Estonia 534 2.1 Yes

Chinese Taipei 532 2.7 No

Finland 531 2.4 Yes

Macau (China) 529 1.1 No

Canada 528 2.1 Yes

Vietnam 525 3.9 No

Hong Kong (China) 523 2.5 No

B-S-J-G (China) 518 4.6 No

Korea, Republic of 516 3.1 Yes

New Zealand 513 2.4 Yes

Slovenia 513 1.3 Yes

Australia 510 1.5 Yes

United Kingdom 509 2.6 Yes

Germany 509 2.7 Yes

Netherlands 509 2.3 Yes

Switzerland 506 2.9 Yes

Ireland 503 2.4 Yes

Belgium 502 2.3 Yes

Denmark 502 2.4 Yes

Poland 501 2.5 Yes

Portugal 501 2.4 Yes

Norway 498 2.3 Yes

United States 496 3.2 Yes

Austria 495 2.4 Yes

France 495 2.1 Yes

Sweden 493 3.6 Yes

Czech Republic 493 2.3 Yes

Spain 493 2.1 Yes

OECD Average 493 0.4

Sources: National Center for Education Statistics, Organization for Economic Co-operation and Development (OECD), Program for
International Student Assessment (PISA) 2015.
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conceptual linkage between contemplative education and student academic achievement by culti-
vating conscious and wilful forms of self-regulated learning.

Roeser and Peck’s (2009) notion is grounded in Roeser et al.’s (2006) model of Basic Levels of
Self (BLoS). BLoS posits that individuals’ self-regulated learning is sourced from their conscious
awareness of how they are an integral part of certain situations or environments surrounding
themselves. Here, self-regulated learning is constructed through self-efficacy beliefs for goal attain-
ment (e.g., Bandura, 1997) that interplay with volition for learning (e.g., Corno, 1993; Kuhl, 2000;
Snow et al., 1996). Notably, a set of teaching practices for contemplative education could cultivate
individuals’ conscious awareness of the interrelation between themselves and external conditions.
With rising awareness of a problem surrounding individuals themselves, they have freedom of
thoughts in identifying problem-solving approaches through diving into deep learning for a
subject matter related to the problem. The set of teaching practices should be performed well
to cultivate a conscious awareness of the problem. In relation to the study’s research focus,
the infusion of environmental matters in science teaching practices could raise students’ conscious
awareness of how environmental problems affect their future well-being. Such raising awareness
enables them to engage in deep learning for science related to environmental problems as it would
motivate self-regulated learning rooted in self-efficacy beliefs. Here, self-regulated learning refers
to the situation in which students control their own learning process through transforming their
mental abilities into problem-solving skills to accomplish their goals (Zimmerman, 2015). In rela-
tion to this study, students’ self-regulated learning towards improvement of environmental quality
could be enhanced when teaching practices promote students’ awareness of environmental
matters and their emotional connections to nature.

Mirrored by Roeser and Peck’s (2009) notion of contemplative education, this study hypothe-
sises that 1) students’ awareness of environmental matters facilitates improvements in science
literacy scores; 2) student science self-efficacy is linked to motivation and volition for learning,
which contributes to students’ science literacy scores; and 3) a set of teaching practices including
inquiry-based instruction, teacher-directed instruction, and teacher support correlated with the
degree of students’ awareness of environmental matters are associated with students’ science
literacy scores.

Figure 1. The study’s theoretical model based on Roeser and Peck’s (2009) notion of contemplative education.
Note. The constructs designated by the bolded texts represent the constructs from Roeser and Peck’s (2009) notion of
contemplative education; the constructs with the un-bolded texts refer to the study’s constructs.
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Students who are aware of environmental matters and build an emotional connection between
themselves and their environments are more likely to be involved in self-regulated learning
processes that enhance science self-efficacy and science literacy scores to accomplish their goals
of improving environmental quality; indeed, evidence shows that when individuals’ awareness of
environmental matters are developed into their emotional connections to nature, the individuals
tend to take actions towards solving environmental problems (Mackay & Schmitt, 2019; Whitburn
et al., 2019). Cultivating students’ awareness of environmental matters towards building an
emotional connection between students and their environments is attributable to the quality
of teaching practices that is based on the implementation of a mixture of inquiry-based and
teacher-directed instructions in a nurturing and supportive learning environment (Mackay &
Schmitt, 2019). As addressed above, Roeser and Peck argue that teaching practices designed
for contemplative education can foster students’ awareness of a specific problem and motivate
them to learn a subject matter related to it, contributing to students’ science achievement.
Thus, this study looks into how teaching practices relate to students’ awareness of environmental
matters as well as science literacy scores.

Indeed, there is empirical evidence that supports the study’s proposed model as shown in
Figure 1. Research shows that science self-efficacy tends to serve as an antecedent to improved
student science performance (House, 2008). Further, a study shows that those who are more aware
of environmental matters are more likely to be involved in learning science (Littledyke, 2006). In
this study, students’ awareness of environmental matters refers to the extent to which students
have been aware of environmental matters including greenhouse gases, genetically modified
organisms, nuclear waste, and air pollution (see Table 2).

Teaching practices in the proposed model are represented by teacher instruction and support
variables that include inquiry-based and teacher-directed science instruction as well as the degree
of teacher support. With respect to teacher instruction variables, the study is interested in inves-
tigating the way opposing pedagogies — teacher-directed and inquiry-based instructions
(i.e., student-centred) — affect student science achievement scores, given that there has been
an ongoing debate about the two different instructions’ effects on student learning processes
and outcomes. The constructivist approach has long advocated an inquiry-based instruction that
allows students to build their own knowledge based on a range of student-centred learning activi-
ties, yet a synthesis of several studies has not provided solid evidence that such a constructivist
pedagogy is more effective than is teacher-directed pedagogy (Furtak et al., 2012; Kang &
Keinonen, 2017). As such, the study factors in inquiry-based and teacher-directed instructions
when looking at the effects of students’ awareness of environmental matters on science achieve-
ment scores. Another teacher-related variable is the degree of teacher support, a teacher’s enthu-
siasm for each student’s learning, such as offering additional help and teaching until every student
understands, as described in Table 2 in the Method section. Given the mixed evidence of the rela-
tionship between a teacher’s support and student learning in the classroom (Roorda et al., 2011),
the study takes into account this variable in investigating the relation between students’ awareness
of environmental matters and science achievement scores.

As guided by the theoretical framework described above, the following research questions guide
the study.

Research Question 1. Is students’ awareness of environmental matters associated with a set of
teaching practices, student science self-efficacy, and student science literacy score across regions?

Research Question 2. To what extent is students’ awareness of environmental matters associ-
ated with student science literacy score after taking into account a set of teaching practices and
student science self-efficacy within school level across regions?

Research Question 3. To what extent is students’ awareness of environmental matters associ-
ated with student science literacy score after taking into account a set of teaching practices and
student science self-efficacy between school level across regions?
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Table 2. Summary of the independent variables

Items from the PISA Description of the Items

TEACHSUP ST100Q01TA The teacher shows an interest in every student’s learning.

ST100Q02TA The teacher gives extra help when students need it.

ST100Q03TA The teacher helps students with their learning.

ST100Q04TA The teacher continues teaching until the students understand.

ST100Q05TA The teacher gives students an opportunity to express opinions.

IBTEACH ST098Q01TA Students are given opportunities to explain their ideas.

ST098Q02TA Students spend time in the laboratory doing practical experiments.

ST098Q03NA Students are required to argue about science questions.

ST098Q05TA Students are asked to draw conclusions from an experiment they have
conducted.

ST098Q06TA The teacher explains how an idea can be applied to a number of different
phenomena (e.g., the movement of objects, substances with similar properties).

ST098Q07TA Students are allowed to design their own experiments.

ST098Q08NA There is a class debate about investigations.

ST098Q09TA The teacher clearly explains the relevance of concepts to our lives.

TDTEACH ST103Q01NA The teacher explains scientific ideas.

ST103Q03NA A whole class discussion takes place with the teacher.

ST103Q08NA The teacher discusses our questions.

ST103Q11NA The teacher demonstrates an idea.

ENVAWARE ST092Q01TA The increase of greenhouse gases in the atmosphere

ST092Q02TA The use of genetically modified organisms (GMO)

ST092Q04TA Nuclear waste

ST092Q05TA The consequences of clearing forests for other land use

ST092Q06NA Air pollution

ST092Q08NA Extinction of plants and animals

ST092Q09NA Water shortage

SCIEEFF ST129Q01TA Recognise the science question that underlies a newspaper report on a health
issue.

ST129Q02TA Explain why earthquakes occur more frequently in some areas than in others.

ST129Q03TA Describe the role of antibiotics in the treatment of disease.

ST129Q04TA Identify the science question associated with the disposal of garbage.

ST129Q05TA Predict how changes to an environment will affect the survival of certain
species.

ST129Q06TA Interpret the scientific information provided on the labelling of food items.

ST129Q07TA Discuss how new evidence can lead you to change your understanding about
the possibility of life on Mars.

ST129Q08TA Identify the better of two explanations for the formation of acid rain.

Source: OECD, 2017.
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Literature Review
This section reviews earlier studies about student environmental awareness in learning processes
and outcomes. The first section reviews studies on how EE influences student awareness of envi-
ronmental matters, followed by studies investigating factors associated with student awareness of
environmental matters. The next section reviews the literature on the relationship between
instruction types and student learning outcomes, including student awareness of environmental
matters and science achievement scores. The last section includes recent studies using PISA 2015
that factored in student awareness of environmental matters and science literacy.

Student awareness of environmental matters through EE

Research has suggested that EE with a strong emphasis on environmental awareness yields posi-
tive learning outcomes in a broad range of domains that include not only environmentally related
but also non-environmentally related domains, while there is a lack of research showing the direct
association between EE and standardised test scores (Ardoin et al., 2018). Ardoin et al. conducted
a systematic review of 119 peer-reviewed articles about EE across 33 countries published from
1994 to 2013. Among the 119 studies, 108 articles investigated the effect of EE programmes
on a range of environmentally related outcomes. These outcomes included environmental knowl-
edge, competencies, and disposition. One hundred and two of the 108 articles (94%) yielded posi-
tive learning outcomes as students from kindergarten through 12th grade gained knowledge, skills,
and attitudes about environmental matters. Further, 41 of 119 articles investigated non-
environmentally related outcomes like knowledge, competencies, and disposition from students
attending EE programmes; 39 of 41 articles (95%) showed positive learning outcomes for the
school-age students. Ardoin et al. suggest that EE yields positive learning outcomes for K-12
students overall. Ardoin et al.’s study reflects that it would be worthwhile to build an interdisci-
plinary connection between EE designed towards environmental awareness and various subjects
from a curriculum design perspective. However, this synthesis study called for more research
investigating how student achievement scores on a standardised test are associated with a
student’s attainable environmental awareness via informal and formal learning settings.

More recent studies also supply promising evidence for the role of EE in promoting students’
awareness of environmental matters. For example, in Biber et al.’s (2022) study, 5- to 6-year-old
children who attend nature-centred private kindergartens showed a significantly higher level of
environmental awareness than their counterparts attending public schools in Turkey. Nature-
centre kindergartens are designed to allow children to spend time outdoors and be exposed to
natural environments through hands-on exploration of their environment; in nature-centre
kindergartens, teaching staff should have competencies for both early childhood education and
environmental education (Biber, Cankorur, Güler & Demir 2022; Cordiano et al. 2019). On
the other hand, in traditional public schools, children often lack opportunities to be exposed
to natural environments and build an emotional connection to nature, while spending too much
time being sedentary in classrooms (Biber et al., 2022; Cordiano et al., 2019). Studies (Biber et al.,
2022; Cordiano et al., 2019; Gray et al., 2015) suggest that children’s outdoor activities for their
learning, which is the focus of nature-centre kindergartens, have positive effects on their mental
and physical health well-beings; however, children today spend much less time being outdoors
and being exposed to the green spaces compared to children of older generations, as they are more
engaging in screen-based sedentary activities (e.g., watching TV, playing video games, using the
internet) due to rapid urbanisation. Biber et al.’s (2022) findings reflect that public schools do not
yet enact EE to promote environmental awareness in Turkey, meaning that many children are not
fully aware of environmental matters. Further, research has shown that EE embedding awareness
of environmental matters plays an influential role in promoting pro-environmental behaviours.
Otto and Pensini (2017) found that participants of nature-based EE were significantly more likely
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to exhibit robust ecological behaviours as mediated by increases in environmental knowledge and
connectedness to nature. These findings are derived from a sample of 255 fourth and sixth graders
in Germany, while the mediating effect of the connectedness of nature is stronger than that of
environmental knowledge. Despite the stronger contribution of emotional connections to nature
compared to environmental knowledge, many of today’s students have little opportunities to
connect with nature as they spend much less time playing outdoors in green spaces compared
to older generations.

Conversely, Lin and Shi (2012) found that curriculum placement of EE, which refers to whether
environmental topics are taught from a particular environmental studies course or other courses in a
school, did not significantly affect students’ environmental awareness and behaviours for Canadian
and U.S. samples of 15-year-olds using PISA 2006. In Lin and Shi’s study, the Canadian sample had
higher environmental awareness and environment-related behaviours than the U.S. sample. In
comparison, the U.S. students showed a higher level of environmental optimism and concern about
environmental issues than the Canadian sample. Lin and Shi noted that their finding is consistent
with the previous studies showing that environmental literacy encompassing environmental aware-
ness and knowledge was not necessarily linked with a positive outlook (optimism) or concern about
environmental issues (Bybee, 2008; Hollweg et al. 2011). This finding reflects that environmental
awareness is not sufficient to drive one’s emotion to truly care for environments. As reviewed previ-
ously, students’ emotional connections to nature, which can be built through nature-based outdoor
activities, is more critical to promote pro-environmental behaviours.

Beyond the children and adolescents, Jurdi-Hage et al. (2019) focused on Canadian college
students investigating EE’s effect. Those who took courses addressing environmental matters
for the purpose of promoting students’ awareness of environmental matters were more likely
to show pro-environmental attitudes than those who did not when controlling for sociodemo-
graphic variables (e.g., age, gender, race/ethnicity, and socio-economic status) as well as intra-
personal variables (e.g., internal locus of control and political orientation).

A synthesis of the studies mentioned above suggests that students benefit from EE designed for
raising students’ environmental awareness in gaining a range of learning outcomes, including
environmental literacy, while the effect of EE appears to vary across countries. Each country
has its EE policies and practices; various educational contexts across countries might result in
somewhat inconsistent learning outcomes such as environmental awareness through EE between
countries. Further, the literature lacks evidence showing the role of student environmental aware-
ness towards science literacy on standardised tests. In this respect, this study attempts to fill the
gap in the literature by investigating the relationship between student awareness of environmental
matters and their science literacy on the PISA science test across countries.

Influencing factors associated with student awareness of environmental matters

Prior studies have shown that students with higher socio-economic status or greater science
interest and achievement scores are more likely to be aware of environmental matters compared
to their lower socio-economic counterparts (Coertjens et al., 2010; Lin & Shi, 2012). Higher socio-
economic students tend to have more opportunities and exposure to various scientific knowledge
(e.g., environmental matters) that stimulate their interest in learning science and encourage them
to spend time studying and achieving in the subject. Such science interest leads to an increase of
students’ awareness of environmental matters; namely, those who learn about environmental
matters in science classroom become interested in learning science as they may become aware
of the fact that the environmental matters affect their well-being and safety (Bybee, 2008).
Fisman (2005) compared environmental knowledge and awareness improvement between
students from high- and low-income communities via an urban education programme.
Compared to their high-income counterparts, low-income community members were less likely
to obtain environmental knowledge and awareness because they often experience a lack of
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personal well-being and safety in their learning process. They live in a less nurturing community
where frequent violence occurs. Such a non-nurturing environment is a barrier to acquiring scien-
tific knowledge related to environmental matters for low-income students. Namely, students from
lower income backgrounds have a lack of opportunities to become (more) awareness of environ-
mental matters in comparison to students from higher income backgrounds. The urgent issues
surrounding low-income students are not linked directly to obtaining such knowledge or
promoting awareness of environmental matters but rather to ensuring their basic survival needs
(Fisman, 2005; Hadzigeorgiou & Skoumios, 2013). Speaking of which, some students from low-
income backgrounds, who often grow up in disadvantaged areas suffering from traffic danger,
domestic violence and crime, and housing densities, are likely to have less opportunities to engage
in outdoor activities and be connected to nature compared to their peers from middle- and high-
income backgrounds (Gill, 2016). The disadvantages surrounding students from low-income
backgrounds may act as the critical barriers to building their emotional connections to nature.

Studies have attempted to address the role of parents in shaping their children’s environmental
attitudes. In a Turkish sample of 15-year-old students from PISA 2006, Erbaş et al. (2012) found a
positive linear relationship between students’ and their parents’ environmental attitudes.
Specifically, students whose parents had greater environmental awareness and a sense of respon-
sibility for environmental matters tended to show higher levels of environmental awareness and
understanding of responsibility for environmental issues. Similar to Erbaş et al.’s study, some
studies provide evidence that students with higher parental education levels were more likely
to show a higher level of environmental literacy than their counterparts (Chu et al., 2007;
Makki et al., 2003). However, some other studies showed no significant relationship between
parental education level and student environmental literacy (Evans et al., 2007; Negev et al.,
2008). The mixed findings reflect that parental education level per se might not necessarily influ-
ence their children’s environmental literacy, while parents who received environmental education
in their pursuit of education degrees are likely to influence their children’s environmental literacy.

As parents play a critical role in raising and educating their children, the aforementioned
studies have investigated how parents’ characteristics are associated with their children’s environ-
mental attitudes. Indeed, given that individuals’ attitudes are often established in the early child-
hood period when their parents are involved in their children’s various (learning) activities, the
level of individuals’ awareness of environmental matters might be attributed partially to how their
parents engage with their children with respect to environmental matters (Biber et al., 2022). For
example, parents are often the decision makers who send their children to a nature-centre kinder-
garten or allow their children to spend more time outdoors than indoors.

Instructional approaches, environmental awareness, and science achievement scores

Mixed findings have emerged in the relationship between instruction types and students’ envi-
ronmental awareness. For example, in Lin and Shi’s (2012) study using PISA 2006, students’
engagement in investigations positively affects understanding of environmental matters in both
the Canadian and U.S. samples of 15-year old students. Conversely, using more student interac-
tion in science classes significantly lessen environmental awareness in the Canadian sample, while
such instruction was not significantly related to environmental awareness in the U.S. sample. Of
note, PISA 2006 didn't provide a full description of what student interaction means, so it would
not be appropriate to determine the effects of student interaction on their environmental aware-
ness in science classrooms. Perhaps, simply increasing student interaction without a clear learning
guideline might not help students gain environmental awareness. Possibly, students may interact
with each other to talk about other topics unrelated to environmental matters, if there is a lack of a
teacher’s guidance. Lin and Shi further found that students’ hands-on activities were not signifi-
cantly associated with students’ environmental understanding. Despite the mixed findings on
environmental awareness, insufficient research evidence on this area doesn't provide a
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comprehensive picture of the relationship between instruction types and students’ environmental
awareness. In this respect, more research in this area is needed.

Indeed, much research has been devoted to investigating the effectiveness of inquiry-based
instructions in science classrooms compared to teacher-directed instructions. Although science
reformists long have advocated inquiry-based instructions guided by the constructivist educa-
tional theory that posits that students build their own knowledge by engaging in a variety of
student-centred learning activities, such as group work, discussion, and experimentation
(Khan, 2013), the extant literature has not confirmed yet that inquiry-based instructions are more
effective than are teacher-directed instructions (Jiang & McComas, 2015). Jiang and McComas
(2015) argued that the discrepancy between inquiry-based instruction’s theoretical advantages
and empirical evidence is rooted in the fact that most studies have not clearly described what
inquiry-based instructions are and how effectively they are implemented in classrooms.
Research shows that inquiry-based instruction leads to a positive learning outcome through
teacher guidance (Aditomo & Klieme, 2020; Lau & Lam, 2017). In relation to EE, effective
teacher-student interactions can be enhanced as teachers provide their students with problem-
solving tasks based on outdoor activities in green spaces and discuss possible solutions to
environmental degradation with their students (Klein & Merritt, 1994).

Environmental awareness from PISA 2015

Using PISA 2015, a few studies included students’ awareness of environmental matters as a
predictor or dependent variable. For example, a recent study investigated who are more aware
of environmental matters among 15-year old students in Italy (Radišić et al., 2021). Radišić
et al. found that, in comparison to those with a less awareness of environmental matters, those
with a greater awareness of environmental matters exhibit a higher level of science self-efficacy,
interest, enjoyment in learning physical and natural science, instrumental motivation in learning
hard science, epistemological beliefs about physical and natural science, and engagement in
science activities. Another study by Lee (2020) provides evidence that students’ awareness of envi-
ronmental matters and epistemological beliefs about science serve as significant predictors for
student science literacy scores among 15-year old students in Southeast Asian countries —

Indonesia, Malaysia, Thailand, and Viet Nam.
In summary, several studies provide evidence that EE, which is designed to raise students’

awareness of environmental matters, plays a positive role in improving students’ environmental
knowledge as well as pro-environmental attitudes and behaviours. Further, research has docu-
mented influencing factors associated with the degree of students’ awareness of environmental
matters that include parents’ environmental attitudes and education level as well as parents’
income backgrounds. Using PISA 2015, a study has shown that students’ awareness of environ-
mental matters is positively associated with a set of cognitive factors including science self-efficacy,
science interest, and enjoyment in learning physical and natural science. However, the extant liter-
ature lacks evidence of whether student awareness of environmental matter serves as a significant
predictor for science literacy on a standardised test such as PISA science test across countries.
With the lack of evidence, little has been said about a rationale for proposing an interdisciplinary
environmental science curriculum that is designed for students to make an emotional connection
to natural environment through active hands-on exploration of the natural environment and the
application of science literacy in building solutions to environmental problems. Of significant
note, students’ emotional connections to or with the natural environment is an essential psycho-
logical component that can transform students’ environmental awareness and knowledge into
environmental behaviours (Carmi et al., 2015). Indeed, as noted earlier, students’ environmental
awareness and knowledge are not enough to warrant their pro-environmental behaviours (Bybee,
2008; Hollweg et al., 2011; Lin & Shi, 2012), while students’ emotional connections to nature has a
stronger effect on the development of students’ pro-environmental behaviours compared to their

476 Ahlam Lee

https://doi.org/10.1017/aee.2023.7 Published online by Cambridge University Press

https://doi.org/10.1017/aee.2023.7


environmental knowledge (Otto & Pensini, 2017). In this respect, the optimal goal of the inter-
disciplinary environmental science curriculum is to promote students’ emotional connections to
nature and foster a sense of urgency towards solutions to environmental degradation.

Methods
This study developed multi-group multilevel models to investigate the effects of students’ aware-
ness of environmental matters on science literacy scores on PISA’s standardised test among 30
regions’ education systems, as shown in Table 1. Note that for brevity, this paper uses the term
“region" rather than “country,” because, as shown in Table 1, China has three different education
systems in the following three regions; Macau; Hong Kong, and Beijing-Shanghai-Jiangsu-
Guangdong (B-S-J-G). A total of 30 regions included in the data analysis, which means there
are a total of 27 countries and 3 regions’ education systems.

Variables

Predictor variables. The study extracted the student participants’ responses from the following
survey items available on the PISA 2015 Student Questionnaire, “CY6_MS_CMB_STU_
QQQ.sav” (hereinafter referred to as PISA): 1) teacher support in science classrooms,
“TEACHSUP” 2) inquiry-based science instruction, ‘IBTEACH’ 3) teacher-directed science
instruction, “TDTEACH” 4) students’ awareness of environmental matters, “ENVAWARE”
and 5) science self-efficacy, “SCIEEFF.” All of the predictor variables selected were derived vari-
ables that were scaled based on the Item Response Theory scaling model (OECD, 2017). Table 2
provides the item parameters and descriptive statistics for these four predictor variables.

Dependent variables. Student science literacy scores was the dependent variable, which is a
composite science literacy score consisting of the three subscales as follows: 1) identifying scien-
tific issues, 2) explaining phenomena scientifically, and 3) using scientific evidence. This science
literacy score represents an average score of the 10 plausible values from PV1SCIE to PV10SCIE.
Note that each plausible value has a degree of uncertainty in measurement within the school level
(i.e., student level), which is referred to as measurement error (Wu, 2015). Thus, the mean of the
10 plausible values in science was used for the dependent variable, students’ science literacy score.

Data analysis process

Proposed model. Figure 1 shows the proposed model. PISA 2015 data have a hierarchical struc-
ture in which students are nested within schools in each region (see details: https://www.oecd.org/
pisa/data/2015database/). Accordingly, multilevel models for the 30 regions were developed to
take into account the standard errors both of the within- and between-school levels and provides
less biased parameter estimates using Mplus 8.3. Each of the regions’models were compared with
the full model, which pooled all student participants’ responses.

The equation for each region’s proposed model is as follows:

Level-1 (Student level or within school level)

Science Literacy Scoresij = β0j � rij � β1j(TEACHSUP)ij � β2j(IBTEACH)ij � β3j(TDTEACH)ij
� β4j (ENVAWARE)ij � β5j (SCIEEFF)ij

where β1j to β5j are the effects (slopes) of the five predictors, β0j is the intercept, and rij is the
level-1 error term.
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Note. The subscript i is the index for the level-1 units (students) and the subscript j is the index for
the level-2 units (schools), suggesting that student i is nested within school j. The subscripts ij in
the equation suggests that a variation of the variables in the i level-1 units (students) is being
accounted for by each of the j level-2 units (schools). As such, student science literacy scores
are partially attributed to schools that students attend.

Level-2 (School level or between school level)

β0j = γ00 � γ01(TEACHSUP�j� γ02(IBTEACH�j� γ03(TDTEACH�j� γ04(ENVAWARE�j �
γ05(SCIEEFF�j� uoj

where γ01 to γ05 are the effects (slopes) of the five predictors, γ00 is the mean value of the level-1
dependent variable controlling for the five level-2 predictors, and uoj is the level-2 error term.

Note. β0j is the level-1 intercept and the dependent variable in the level-2 unit, given that the study
allows the level-1 intercept to vary across schools and hypothesises that the intercept variation
across schools would be explained by the five level-2 predictors as follows: average value of teacher
support (TEACHSUP�, average value of inquiry-based science instruction (IBTEACH�, average
value of teacher-directed instruction �TDTEACH�, average value of students’ awareness of envi-
ronmental matters (ENVAWARE�, and average value of science self-efficacy (SCIEEFF� of each
school. The each school’s average values are derived from aggregate scores of student responses
from the level-1 predictors, thereby suggesting a collective commitment or perception related to
the five predictors in the level-2 unit.

The combined equation for Level-1 and Level-2 is:

Science Literacy Scoresij = γ00 � γ01(TEACHSUP�j � γ02(IBTEACH�j � γ03(TDTEACH�j �
γ04(ENVAWARE�j � γ05(SCIEEFF�j � β1j(TEACHSUP)ij � β2j(IBTEACH)ij � β3j(TDTEACH)ij �
β4j (ENVAWARE)ij � β5j (SCIEEFF)ij � uoj � rij

Missing values. The dataset included missing values of the variables selected, except in the science
scores. The variables’ missing value percentage was as follows: 1) 14.9% in TEACHSUP; 2) 15.1%
in IBTEACH; 3) 17.2% in DTEACH; 4) 6.5% in ENVAW, and 5) 8.6% in SCIEEFF. Complete data
with listwise deletion, which delete all cases with a missing value, could not be considered a repre-
sentative sample of population and will decrease the sample size; thus, the listwise deletion may
generate biased results and loss of statistical power (Howell, 2008). As such, the Expectation-
Maximisation algorithm was used to impute the missing values based on the assumption of
Missing at Random (MAR) — that missing values can be predicted based on information avail-
able, the other variables’ observed values (Lu & Copas, 2004). The assumption of MAR makes
sense in the present study in that, as shown in Table 3, all the selected variables are significantly
correlated to each other. SPSS v. 26 was used to impute the missing values.

Results
Following the descriptive statistics and correlations between the variables shown in Tables 3 and 4,
this section answers the research question proposed above. As Table 3 shows, all the selected
variables are significantly correlated to each other at p< 0.001 based on the pooled data, which
supports Roeser and Peck’s notion of contemplative education that theoretically frames the
selected variables. Notably, other than inquiry-based science instruction (IBTEACH), all of the
predictor variables are correlated positively with student science literacy scores at p< .001.
Notably, students’ awareness of environmental matters (ENVAWARE) are correlated positively
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with not only science literacy scores but also the other predictor variables. Namely, students’
greater awareness of environmental matters are correlated with a higher level of having teacher
support in science classroom (TEACHSUP), inquiry-based science instruction (IBTEACH), and
teacher-directed science instruction (TDTEACH) compared to their counterparts at p< .001.
Moreover, a significant positive correlation emerges between students’ awareness of environ-
mental matter (ENVAWARE) and their science self-efficacy (SCIEEFF).

Answering research question 1

Given that this study focuses on students’ awareness of environmental matters, Table 4 provides
correlations between students’ awareness of environmental matters and the other variables across
the regions. Except for Estonia, all the regions’ data as shown in Table 4 concurred the pooled
data’s correlation matrix as shown in Table 3 in that students’ awareness of environmental matters
has a positive relationship with all the variables including TEACHSUP, IBTEACH, TDTEACH,
and SCIEEFF at p< .001. With respect to Estonia, IBTEACH appeared to be positively associated
with students’ awareness of environmental matters, albeit the non-significant correlation. Other
than IBTEACH, Estonia’s data provide evidence that students’ awareness of environmental
matters are significantly correlated with TEACHSUP, TDTEACH, and SCIEEFF. A synthesis
of the pooled and each region’s data suggests there is a positive relationship between students’
awareness of environmental matters and a mixture of teaching practices encompassing teachers’
inquiry-based and direct science instruction as well as teacher support.

Answering research question 2

Table 5 show each predictor variable’s standardised coefficient, which suggests a relative effect of
each predictor variable on the dependent variable within school level. As such, note that a negative
effect of a certain predictor variable on science literacy scores does not necessarily mean that the
predictor variable is detrimental to the dependent variable, science literacy scores. Rather, it
should be interpreted that the predictor variable contributes relatively less to a dependent variable
compared to the other predictor variables.

Table 3. Descriptive statistics of the variables and correlations between the variables across 30 regions

TEACHSUP IBTEACH TDTEACH ENVAWARE SCIEEFF Science literacy Score

TEACHSUP 1.000 .442** .441** .171** .157** .044**

IBTEACH 1.000 .342** .152** .205** −.063**

TDTEACH 1.000 .215** .159** .126**

ENVAWARE 1.000 .426** .325**

SCIEEFF 1.000 .269**

Science Score 1.000

Mean 0.05 −0.02 0.03 0.07 0.01 510.41

Std. Dev. 0.98 0.99 1.00 1.17 1.24 93.28

Minimum −3.76 −3.81 −4.02 −5.38 −5.20 168.50

Maximum 3.60 4.22 3.98 4.55 5.05 835.62

Total Sample 218,169

Note. **p< .001; Std. Dev. refers to standard deviation.
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As shown in Table 5, both consistent and inconsistent patterns emerged in the relationships
between the predictor and dependent variables across the regions’ education system. The full
model shows that science literacy scores are positively associated with a student’s awareness of
environmental matters (ENVAWARE), after taking into account teacher support
(TEACHSUP), inquiry-based science instruction (IBTEACH), teacher direct science instruction
(TDTEACH), and a student’s science self-efficacy (SCIEEFF). Specifically, TEACHSUP,
TDTEACH, and SCIEEFF are positively associated with science literacy scores, while being

Table 4. Correlations between students’ awareness of environmental matters and the other variables by regions

TEACHSUP IBTEACH TDTEACH SCIEEFF Science literacy Score

Singapore ENVAWARE .186** .181** .202** .484** .383**

Japan ENVAWARE .122** .105** .181** .394** .329**

Estonia ENVAWARE .115** 0.015 .153** .347** .316**

Chinese Taipei (Taiwan) ENVAWARE .168** .114** .182** .432** .327**

Finland ENVAWARE .161** .087** .222** .415** .337**

Macau (China) ENVAWARE .136** .147** .180** .368** .261**

Canada ENVAWARE .199** .186** .226** .430** .270**

Vietnam ENVAWARE .110** .142** .201** .430** .262**

Hong Kong (China) ENVAWARE .156** .132** .182** .358** .221**

B-S-J-G (China) ENVAWARE .198** .202** .248** .398** .284**

Korea ENVAWARE .130** .059** .087** .393** .367**

New Zealand ENVAWARE .174** .134** .213** .448** .326**

Slovenia ENVAWARE .105** .088** .166** .280** .342**

Australia ENVAWARE .188** .190** .251** .447** .337**

United Kingdom ENVAWARE .214** .193** .236** .505** .344**

Germany ENVAWARE .109** .154** .183** .427** .349**

The Netherlands ENVAWARE .075** .125** .196** .366** .363**

Switzerland ENVAWARE .090** .099** .174** .363** .341**

Ireland ENVAWARE .155** .174** .191** .545** .307**

Belgium ENVAWARE .049** .113** .155** .391** .444**

Denmark ENVAWARE .149** .171** .198** .501** .357**

Poland ENVAWARE .150** .091** .226** .379** .327**

Portugal ENVAWARE .136** .162** .180** .425** .396**

Norway ENVAWARE .201** .159** .187** .436** .328**

United States ENVAWARE .172** .137** .215** .396** .304**

Austria ENVAWARE .109** .140** .202** .423** .365**

France ENVAWARE .068** .113** .141** .387** .403**

Sweden ENVAWARE .225** .211** .214** .439** .376**

Czech Republic ENVAWARE .050** .046** .167** .306** .357**

Spain ENVAWARE .110** .127** .191** .419** .316**

Note. **p< .001.
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Table 5. Standardised coefficients of multi-group multilevel model

Independent Variables

Within &
Between Level TEACHSUP IBTEACH TDTEACH ENVAWARE SCIEEFF

ICC of
Science
Scores

R2/Effect
Size†

# of
students

# of
School

Avg. # of
Student

per School

Full Model Within School .021*** (.002) −.137*** (.002) .071*** (.002) .190*** (.002) .15171*** (.002) .351 15.82%/.19 218,169 7,900 27.616

Between School .075*** (.010) −.084* (.008) .018* (.009) −.044*** (.010) −.032*** (.010)

Singapore Within School .036* (.016) −.106*** (.015) .088*** (.015) .238*** (.017) .131*** (.016) .371 36.17%/.57 6,115 177 34.548

Between School −.055 (.712) −.336 (.654) .437 (1.193) .614 (1.072) .163 (1.063)

Japan Within School .002 (.014) −.175*** (.014) .067*** (.014) .205*** (.015) .118*** (.014) .483 39.20%/.64 6,647 198 33.571

Between School .036 (.114) .037 (.096) −.067 (.205) .589** (.208) .294 (.257)

Estonia Within School .032 (.016) −.219*** (.014) .028 (.016) .253*** (.014) .133*** (.014) .205 21.97%/.28 5,587 206 27.121

Between School .305 (.505) −.580** (.168) .115 (.694) .318 (.259) .198 (.168)

Chinese
Taipei
(Taiwan)

Within School .050*** (.012) −.133*** (.013) .075*** (.013) .181*** (.016) .179*** (.015) .365 36.87%/.58 7,708 214 36.019

Between School −.095 (.151) −.128 (.071) .180 (.175) .460* (.187) .409* (.182)

Finland Within School .065*** (.016) −.165*** (.016) .130*** (.015) .223*** (.017) .178*** (.016) .093 19.78%/.25 5,882 168 35.012

Between School .038 (.429) −.219 (.237) .282 (.465) .284 (.629) .270 (.827)

Macau
(China)

Within School −.002 (.015) −.099*** (.017) .083*** (.018) .157*** (.019) .191*** (.018) .307 27.60%/.38 4,476 45 99.467

Between School .095 (1.234) −.694 (.455) −.158 (1.722) .622 (.529) .457 (.344)

Canada Within School .059*** (.008) −.224*** (.009) .113*** (.008) .153*** (.008) .202*** (.008) .173 20.81%/.26 20,058 759 36.019

Between School .207* (.085) −.385*** (.057) .411*** (.092) .457*** (.102) .271* (.116)

Vietnam Within School .115*** (.016) −.100*** (.015) .080*** (.014) .095*** (.015) .160*** (.014) .461 34.61%/.53 5,826 188 30.989

Between School .087 (.095) −.463** (.151) .141 (.194) .619*** (.122) .179 (.145)
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Table 5. (Continued )

Independent Variables

Within &
Between Level TEACHSUP IBTEACH TDTEACH ENVAWARE SCIEEFF

ICC of
Science
Scores

R2/Effect
Size†

# of
students

# of
School

Avg. # of
Student

per School

Hong Kong
(China)

Within School .047** (.017) −.128*** (.019) .088*** (.017) .172*** (.016) .135*** (.017) .345 24.70%/.33 5,359 138 38.833

Between School −.089 (.225) −.370 (.254) .624 (.308) .203 (.349) .077 (.499)

B-S-J-G
(China)

Within School .056*** (.013) −.125*** (.013) .068*** (.012) .180*** (.013) .039** (.012) .541 40.06%/.67 9,841 268 36.720

Between School −.050 (.190) −.755** (.262) .536 (.362) .389 (.287) .492 (.338)

Korea Within School .040** (.015) −.191*** (.016) −.006 (.015) .257*** (.015) .152*** (.016) .271 33.43%/.50 5,581 168 99.467

Between School .035 (.085) −.212* (.082) .004 (.112) .593** (.186) .314 (.190)

New
Zealand

Within School .014 (.019) −.201*** (.018) .118*** (.017) .176*** (.017) .249*** (.019) .214 28.95%/.41 4,520 183 34.548

Between School .021 (.199) −.361*** (.078) .146 (.210) .409*** (.112) .341** (.128)

Slovenia Within School .030* (.015) −.147*** (.014) .066*** (.014) .213*** (.013) .109*** (.014) .522 47.93%/.92 6,406 333 25.815

Between School −.078 (.059) −.127 (.074) .117 (.124) .439*** (.102) .324*** (.086)

Australia Within School .038*** (.010) −.173*** (.010) .119*** (.009) .192*** (.010) .239*** (.001) .240 27.61%/.38 14,530 758 19.169

Between School .012 (.190) −.258*** (.063) .237 (.251) .400* (.193) .308* (.121)

United
Kingdom

Within School .040*** (.010) −.172*** (.010) .094*** (.010) .215*** (.010) .207*** (.010) .250 25.32%/.34 14,157 550 25.740

Between School −.283* (.126) −.229 (.126) .456* (.227) .417 (.477) .119 (.423)

Germany Within School .000 (.014) −.113*** (.014) .069*** (.014) .214*** (.013) .157*** (.013) .510 48.61%/.95 6,504 256 38.833

Between School −.267* (.109) −.052 (.072) .278* (.124) .521*** (.127) .149 (.206)
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Table 5. (Continued )

Independent Variables

Within &
Between Level TEACHSUP IBTEACH TDTEACH ENVAWARE SCIEEFF

ICC of
Science
Scores

R2/Effect
Size†

# of
students

# of
School

Avg. # of
Student

per School

The
Netherlands

Within School .021 (.017) −.159*** (.015) .067*** (.017) .224*** (.016) .149*** (.016) .619 54.83%/1.21 5,385 187 28.797

Between School −.171 (.103) −.218** (.081) .341** (.112) .428** (.139) .155 (.123)

Switzerland Within School −.052** (.016) −.098*** (.017) .084*** (.013) .255*** (.015) .135*** (.014) .418 39.07%/.64 5,860 227 25.815

Between School −.202* (.082) −.257 (.155) .417** (.160) .473 (.332) .105 (.286)

Ireland Within School .028 (.016) −.164*** (.019) .090*** (.015) .122*** (.018) .135*** (.016) .154 22.38%/.288 5,741 167 34.377

Between School −.352 (.229) −.488 (.180) .606 (.530) .027 (.457) .805 (.489)

Belgium Within School −.041*** (.012) −.077*** (.013) .066*** (.012) .289*** (.013) .160*** (.012) .511 52.55%/1.108 9,651 288 33.510

Between School −.381** (.137) −.180* (.076) .496*** (.129) .621*** (.106) .024 (.133)

Denmark Within School .086*** (.013) −.120*** (.013) .009 (.012) .255*** (.014) .190*** (.015) .200 25.12%/.336 7,161 333 21.505

Between School .138 (.288) −.603 (1.193) .520 (1.273) .374 (1.826) .050 (1.318)

Poland Within School −.043* (.017) −.205*** (.018) .142*** (.018) .237*** (.018) .175*** (.019) .157 24.32%/.321 4,478 169 26.497

Between School −.978 (.803) −.089 (.807) .893 (.636) .304 (.301) .143 (.424)

Portugal Within School −.020 (.012) −.151*** (.014) .094*** (.012) .295*** (.012) .167*** (.014) .321 38.03%/.614 7.325 246 29.776

Between School −.150 (.290) −0.002 (.230) −.042 (.422) 1.154** (.376) −.320 (.361)

Norway Within School .131*** (.014) −.252*** (.017) .034* (.015) .224*** (.016) .242*** (.016) .092 21.14%/.268 5,456 229 23.825

Between School −.170 (.178) −.154 (.197) .276 (.316) .896 (.558) −.456 (.523)

United
States

Within School .043** (.015) −.194*** (.017) .102*** (.014) .209*** (.017) .173*** (.016) .210 23.08%/.30 5,712 177 32.271

Between School −.170 (.269) −.395*** (.103) .486 (.301) .397** (.129) .123 (.186)

Austria Within School −.053*** (.014) −.082*** (.014) .056*** (.014) .237*** (.014) .143*** (.014) .059 51.63%/1.067 7,007 269 26.048

Between School −.551*** (.118) −.162*** (.094) .734** (.267) .685*** (.155) −.262 (.256)
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Table 5. (Continued )

Independent Variables

Within &
Between Level TEACHSUP IBTEACH TDTEACH ENVAWARE SCIEEFF

ICC of
Science
Scores

R2/Effect
Size†

# of
students

# of
School

Avg. # of
Student

per School

France Within School .008 (.015) −.092*** (.014) .071*** (.014) .219*** (.0140 .180*** (.016) .546 54.38%/1.192 6,108 252 24.238

Between School −.084 (.098) −.168* (.076) .159 (.123) .730*** (.230) .120 (.187)

Sweden Within School .095*** (.016) −.217*** (.016) .012 (.015) .286*** (.017) .169*** (.016) .176 26.04%/.352 5,458 202 27.02

Between School −.044 (.163) −.318 (.215) .315 (.362) .721*** (.215) −.019 (.264)

Czech
Republic

Within School −.002 (.014) −.134*** (.014) .063*** (.012) .224*** (.013) .113*** (.013) .517 50.10%/1.004 6,894 344 20.04

Between School −.214 (.255) −.002 (.083) .175 (.322) .561 (.366) .249 (.150)

Spain Within School −.078*** (.015) −.144*** (.014) .159*** (.013) .209*** (.013) .233*** (.014) .144 21.30%/.271 6,736 201 33.512

Between School −.209 (.107) −.166 (.254) .253 (.236) .124 (.349) .476 (.294)

Note. *p< .05, **p< .01, ***p< .001, standard error in parentheses.

†R2= 1 –
�2
F � �2F

�2
E � �2E

, where σF
2 represents the level-1 random error variance (variance of ϵij) for the full model (i.e., the model of interest); τF2 represents the level-2 random error variance (variance of u0j) for the full

model; σE2 represents the level-1 random error variance of the empty model; and τE
2 represents the level-2 random error variance for the empty model (Snijders & Bosker, 2012; Lorah, 2018, p.5).

†Effect Size (f 2) =
R2

1 � R2
, where 0.02 is a small effect, 0.15 is a medium effect, and 0.35 is a large effect (Cohen, 1992; Lorah, 2018, p.5).
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negatively related to IBTEACH. Consistent with the full model, the following 11 regions showed
the similar pattern in the relationship between the predictor and dependent variables (Australia,
Canada, Chinese Taipei, Finland, Hong Kong China, Norway, Singapore, Slovenia, United
Kingdom, United States, and Vietnam).

A similar pattern emerges in the following nine regions (Czech Republic, Germany, France,
Ireland, Japan, Macau China, Portugal, the Netherlands, and New Zealand). Specifically, a signif-
icant relationship does not exist between TEACHSUP and science literacy scores. Other than
TEACHSUP, these nine regions have the similar pattern with the full model in the relationships
between the other predictor variables and science literacy scores. Similar to these nine regions,
there is no significant relationship between TEACHSUP and science literacy scores in Estonia.
However, unlike these nine regions, TDTEACH does not show a significant effect on science
literacy scores in Estonia.

In the following three regions (Denmark, Korea, and Sweden), no significant relationship
emerges between TDTEACH and student science literacy scores. Other than TDTEACH, the
three regions have the similar pattern with the full model in the relationships between the other
predictor variables and dependent variable. Contrary to the full model, there is a significant nega-
tive relationship between TEACHSUP and science literacy score in the following five regions
(Austria, Belgium, Poland, Spain, and Switzerland). Other than TEACHSUP, these five regions
have the similar pattern with the full model in the relation between the other predictor and depen-
dent variables.

Taken together, mixed findings emerge in the effects of TEACHSUP and TDTEACH across the
regions, while all the regions show the consistent pattern in the effects of IBTEACH,
ENVAWARE, and SCIEEFF. Specifically, IBTEACH is negatively associated with science literacy
scores across the regions, while ENVAWARE and SCIEEFF are positively contributing to student
science literacy scores.

Answering research question 3

At the between-school level, inconsistent patterns emerge in most regions’ education systems. As
noted in the Methods section, each predictor variable’s effects at the between-school level reflects a
collective commitment or perception across the schools with respect to the predictor variables
selected. As such, at the between-school level, ENVAWARE and SCIEEFF represent the degree
of students’ collective perception of environmental awareness and science self-efficacy, respec-
tively, while TEACHSUP, IBTEACH, and TDTEACH can be interpreted as the degree of collec-
tive teacher commitment for TEACHSUP and IBTEACH, and TDTEACH. Keeping these
concepts in mind, the following shows each predictor variable’s effects at the between-school level.

In the full model, the standardised coefficients of ENVAWARE, SCIEEFF, and IBTEACH
suggest that the collective perceptions or commitment of these three predictors have a small
but negative effect on school-level science literacy scores, while the standardised coefficients of
both TEACHSUP and TDTEACH show a small but positive effect on school-level science literacy
scores. However, none of the 30 regions show the similar patterns with the full model. Particularly,
the collective perception of ENVAWARE is positively associated with school-level science literacy
score in the following 16 regions (Australia, Austria, Belgium, Canada, Chinese Taipei, France,
Germany, Japan, Korea, New Zealand, Portugal, Slovenia, Sweden, The Netherlands, United
States, and Vietnam). However, the other 14 regions do not show a significant relationship
between the collective perception of ENVAWARE and school-level science literacy score, while
the standardised coefficients for these 14 regions are positive. In this respect, a small but negative
coefficient of ENVAWARE in the full model is likely to be yielded from the computation process
of merging the non-significant findings from the latter 14 regions’ data into the significant find-
ings from the former 16 regions’ data. Literally speaking, a school with a higher level of
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ENVAWARE is likely to demonstrate a higher level of school-level science literacy score in all 30
regions, while a statistical significant relationship is applied to 16 regions out of the 30 regions.

There is a varied range of R2, effect size and intraclass correlation (ICC) across the regions, as
demonstrated in Table 5. R2 ranges from 19.78% (Finland) to 54.83% (The Netherlands),
suggesting that 19.78% to 54.83% of total variance in science literacy scores are explained by
the selected predictor variables across the regions. The effect sizes range from .25 (Finland) to
1.21 (The Netherlands), indicating that a medium to large effect size across the regions. ICC
ranges from .059 to .619 is interpreted as 5.9% to 61.9% of total variance in science achievement
scores is attributable to schools that students attend across the regions.

Discussion
This study investigated the relationship between students’ awareness of environmental matters
and student science literacy scores when considering students’ science self-efficacy as well as
teacher instruction and support variables at both the within- and between-school levels. Data from
all the regions demonstrate that students’ awareness of environmental matters (ENVAWARE) is a
significant and positive contributor to science literacy scores. In contrast, science teaching and
learning processes are likely to vary across the regions, as shown in the regional differences in
R2 and effect size. All 30 regions show a “medium” or “large” effect size (f2 >=. 15) in their multi-
level models, suggesting that the selected predictor variables, including students’ awareness of
environmental matters, are determining factors that contribute to student science literacy scores
across regions.

This study confirms Roeser and Peck’s (2009) notion of contemplative education by providing
evidence with medium to large effect size that students’ conscious awareness of a problem corre-
lates with students’ achievement score. Their awareness is characterised by their understanding of
environmental matters, their self-regulated learning as measured by their science self-efficacy, and
teaching practices of how well teachers guide and facilitate science classrooms and engage
students. Students’ awareness of environmental matters is associated with a mixture of
inquiry-based and teacher-directed science instruction as well as teacher support, as evidenced
by the significant positive correlations between students’ awareness of environmental matters
and all the teaching-related variables; further, those with a greater awareness of environmental
matters exhibit a significantly higher level of science self-efficacy (see Tables 3 and 4). In this
respect, the current study’s proposed model corresponds to the linkages between the constructs
in Roeser and Peck’s (2009) notion of contemplative education (see Figure 1), suggesting that all
the hypotheses noted in the Theoretical Framework section are supported. The findings encourage
influential stakeholders including policy makers and educational leaders to support partnerships
between environmental and science educators towards the design and implementation of an inter-
disciplinary environmental science curriculum. As an interdisciplinary environmental science
curriculum, it is recommended that influential stakeholders promote an environmental science
curriculum that centres on out-of-school science education institutions such as museums, science
centres, zoos, and aquaria as well as nature-based outdoor activities. Such an interdisciplinary
curriculum would play a critical role in enhancing students’ awareness of environmental matters
and their emotional connections to nature (Biber et al., 2022; Cordiano et al., 2019; Evans &
Achiam, 2021; Otto & Pensini, 2017). Importantly, however, to effectively design and implement
such an interdisciplinary environmental science curriculum, it is imperative to build intensive
partnerships among influential stakeholders including environmental educators, science educa-
tors, policy makers, and scientists (Evans & Achiam, 2021).

The between-school level shows an irregular pattern in most regions with the non-significant
effects of at least two predictor variables. This finding is inconsistent with the full model.
A synthesis of the within- and between-school level’s results suggests that students’ science literacy

486 Ahlam Lee

https://doi.org/10.1017/aee.2023.7 Published online by Cambridge University Press

https://doi.org/10.1017/aee.2023.7


scores associated with their awareness of environmental matters are more likely determined at the
student level (or within school level) rather than at the school level (or between school level),
reflecting that students’ awareness of environmental matters are likely to be gained from their
own educational resources rather than schools. Accordingly, the remainder of this section
discusses important implications for practice and future research based on the findings pertaining
to one’s awareness of environmental matters at the within-school level (or at the student level).

All 30 regions’ models show that students who are more aware of environmental matters tend
to show higher science literacy scores than their lesser-informed counterparts. This finding is
consistent with earlier studies’ argument that EE can enhance students’ awareness of environ-
mental matters, contributing to a range of positive learning processes and outcomes, such as atti-
tudes, skills, and knowledge. Specifically, this finding addresses the gap in the literature by
providing evidence that students’ environmental awareness has a positive effect on their science
achievement scores on standardised test across the 30 regions’ education systems. This evidence
signifies the importance of incorporating various real-world environmental problems into science
curricula at the K-12 level and provides a rationale for developing interdisciplinary environmental
science curricula across the globe. Such real-world problems associate directly with protecting and
securing these students’ future environment and, thus, could motivate more students to be
involved in science curricula. Teaching practices that embed environmental damage into the
learning experience can cultivate students’ awareness of environmental matters and enable
students to engage in self-learning processes that improve science literacy scores.

Contrary to the positive effects of a student’s awareness of environmental matters and science
self-efficacy, all 30 regions show that IBTEACH associates negatively with student science achieve-
ment scores. Further, except for Estonia and Korea, the other 17 regions demonstrate that
TDTEACH is a significant factor that favours students’ science achievement scores. This finding
reflects that IBTEACHmight be relatively less influential than TDTEACH in light of the enhanced
student literacy scores per se. However, some items for TDTEACH as shown in Table 2 refer to
classroom discussion with teacher guidance, which reflects an inquiry-based instruction. In this
respect, an inquiry-based instruction with teacher guidance correlates positively with student
science literacy score, which is consistent with the previous studies reviewed above (Aditomo
& Klieme, 2020; Lau & Lam, 2017). Importantly, the negative effect of IBTEACH does not mean
science teachers should not adopt IBTEACH. In fact, as noted previously and shown in Tables 3
and 4, it is noteworthy that IBTEACH correlates positively with ENVAWARE and SCIEEFF, both
of which contribute to enhanced science literacy scores across the 30 regions. As such, it is recom-
mended that a mixture of both teacher-directed and inquiry-based science instruction should be
adopted in cultivating students’ awareness of environmental matters together with the study’s
finding that both types of instructions are positively correlated with students’ awareness of envi-
ronmental matters. This recommendation is consistent with the notion that combining varied
learning activities may optimise an individual’s learning outcomes (Bransford et al., 1999).
Indeed, Jiang and McComas (2015) provide evidence that a balanced integration of teacher-
directed and inquiry-based instruction could optimise students’ learning outcomes.

Mixed findings emerge in the effect of teacher support on science literacy scores across the 30
regions, which is consistent with Roorda et al.’s (2011) meta-analysis of 99 studies. The following
ten regions show no significant relationship between teacher support and student science literacy
scores (Czech Republic, France, Germany, Ireland, Japan, Estonia, Macau China, Portugal, the
Netherlands, and New Zealand). A significant negative effect of teacher support appears in the
following five regions: Austria, Belgium, Poland, Spain, and Switzerland. The remaining 15
regions found a significant positive effect of teacher support on student science literacy scores.
However, teacher support is positively associated with students’ awareness of environmental
matters, as shown in Tables 3 and 4. Teacher support entails a teacher’s enthusiasm to meet each
student’s needs and interests in science classrooms. In this respect, teachers’ enthusiasm about
infusing EE into their science classrooms could play a critical role in cultivating students’
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awareness of environmental matters and motivating students to learn science. Such enthusiasm
could be attributable to teacher professional development for integrating EE into science class-
rooms. Indeed, research shows that teachers’ willingness to design and implement curricula
for EE is shaped by school leaders’ supports for EE professional development (Almeida
et al., 2018).

This study has noteworthy limitations. Firstly, the findings shows correlations between
predictor and science literacy scores, which doesn't warrant causation between them. Namely,
the quantitative evidence cannot provide a full picture of how and why students’ awareness of
environmental matters is related to their science literacy scores. In this respect, the study’s findings
suggest various avenues for future research. Firstly, it would be worthwhile to conduct an experi-
mental or quasi-experimental research in an effort to provide causal evidence on the link between
students’ awareness of environmental matters and science literacy score on a standardised test.
Further, using in-depth interviews with students and teachers, qualitative research could explore
potential cognitive and non-cognitive mediators that can explain the relationship between
students’ awareness of environmental matters and their science literacy scores. Secondly, the posi-
tive linkage between students’ awareness of environmental matters and science literacy scores does
not necessarily mean that students with a better awareness of environmental matters are more
likely to show pro-environmental actions. As reviewed previously, students’ emotional connec-
tions to nature is a determining factor to promote pro-environmental actions. In this respect,
it would be worthwhile to conduct a longitudinal study designed to investigate the extent to which
students with a greater awareness of environmental matters, a stronger emotional connection to
nature, and a higher science literacy scores exhibit pro-environmental behaviours. Importantly,
this longitudinal study needs to take into account well-documented predictors that might correlate
with pro-environmental behaviours; as addressed in the literature review section, those predictors
include students’ early exposure to EE, their environmental literacy, and their parents’ environ-
mental attitudes. Given that the aforementioned future studies focus on students’ awareness of
environmental matters, it is important for environmental educators to be involved in those poten-
tial studies as they could provide realistic issues and expert knowledge in the pursuit of teaching
environmental matters.

This study attests to the importance of EE that integrates environmental matters into science
classrooms where students can engage in a mixture of teacher-directed and inquiry-based science
instruction and receive teacher support in the learning process. This study recommends that
science curricula should promote students’ active actions to solve today’s real-world problems
related to environmental matters. Of significant note, EE could drive environmental improve-
ments in the long term, given the empirical evidence that there is an inverted U-shaped relation-
ship between education attainment and carbon emissions/energy consumption (Shafiullah et al.,
2021). Shafiullah et al., interpreted the inverted U-shaped relationship as suggesting that individ-
uals with higher education levels are more likely to earn more and purchase modern polluting
technologies (e.g., cars) before learning about environmental matters. However, after exposure
to EE through further education, they are likely to consume pollution-reducing technologies
or eco-friendly products. Suppose children and adolescents fully engage in EE through core
science curricula at the K-12 level. The inverted U-shape could turn into an inverse linear rela-
tionship between the quality of EE and carbon emissions/energy consumption, suggesting that the
quality of EE could reduce environmental degradation derived from carbon emissions/energy
consumption. The inverse linear relationship is not achievable solely by EE in schools, given that
students gain awareness of environmental matters through a wide range of channels, including not
only EE in schools but also in their social environments spanning from their family to community
(Tidball & Krasny, 2011). Importantly, to improve the quality of EE, students should engage with
green spaces through outdoor activities and build an emotional connection to nature. Integrating
such outdoor activities into science teaching could help students develop an emotional connection
with nature and pro-environmental behaviours (Otto & Pensini, 2017). Outdoor activities for
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science learning would provide a dazzling opportunity for students to have a direct contact with
living organisms in green spaces; this would allow students to think of how living organisms are
interconnected with others and to engage in scientific inquiry about how to solve environmental
problems. Of significant note, EE for promoting environmental awareness needs to span early
childhood education through high school and beyond into the community. Indeed, EE during
the early childhood years, which focuses on outdoor activities in green spaces, plays a critical role
in enhancing one’s emotional connection to nature and developing one’s appreciation for the
natural world (Ardoin & Bowers, 2020; Biber et al., 2022). EE grounded in outdoor and
nature-based learning needs to be expanded beyond the schools and permeate a wide range of
communities surrounding schools where students are nested. The ecological EE could urge the
younger generation to take active actions against environmental damages. In this vein, EE is
not only significant for improving students’ science literacy achievement scores, as shown in this
study, but also for improving environmental quality.
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