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What is the shape of the association between schoolwork-related anxiety

(SRA; sometimes referred to as “test anxiety”) and science literacy proficiency

(SLP)? Prior results in some areas (e.g., Flanders) have showed an inverse linear

relationship between SRA and SLP. Intriguingly, academic anxiety showed an

inverse “U-shaped” association with academic performance in Taiwan. Data

for six southeast Asian (SEA; Hong Kong, Japan, Korea, Macao, Singapore,

Taiwan) and six northwest European (NWE; Belgium, Estonia, Finland, Iceland,

Ireland, the Netherlands) nations/entities were drawn from PISA 2015, the

most recent science-focused iteration of OECD’s (Organization for Economic

Cooperation and Development) triennial PISA (Programme for International

Student Assessment) evaluations. Mean SRA and SLP, respectively, were 0.34

and 532 across the selected SEA representatives (aggregate n = 35711)

and −0.21 and 515 across the identified NWE nations (n = 34601). We

sorted each nation’s/entity’s dataset into five SLP levels (utilizing PISA’s own

criteria) and placed students into SLP levels based on an average of ten

plausible values for each individual student). ANOVA results showed Taiwan,

Japan, and Korea, (with some qualified evidence for SEA as a region) to

have an inverse U-shaped relationship between SRA and SLP; Finland, and

Iceland (along with modest evidence for NWE as a region) had a negative

linear relationship between SRA and SLP. Multilevel modeling (MLM; within

nations/entities only) partially confirmed our parallel ANOVA results: an

inverse U-shaped relationship for Taiwan, and the negative linear relationship

for Finland and Iceland. Our Belgian MLM also showed negative linearity.

Thus, our results confirmed the earlier observation of an inverse U-shaped

relationship between student anxiety measures and academic performance in

Taiwan (extending that finding to a science context—and further extending
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that finding for science to Japan and Korea). We discuss possible classroom

interventions aimed at mitigating non-adaptive anxieties among students at

intermediate SLP levels.

KEYWORDS

schoolwork-related anxiety, science literacy proficiency, inverse U-shaped response,
Southeast Asia, Northwest Europe

1 Introduction

“Science anxiety is a phenomenon of national scope which is
well known but little understood and rarely dealt with. Professors
of physics, chemistry, and biology have long recognized that many
students enter the introductory courses, already fearful of the
material, and expecting to do poorly” (Mallow, 1978, p. 862).
Perhaps, a science professor/teacher could have authored a very
similar statement in 2024! Mallow, a university-level physics
professor, has continued to research science anxiety (Mallow,
1994; Mallow and Kastrup, 2023); however, much fallow ground
in this arena remains. A recent meta-analysis, covering test
anxiety research over a 30-year span (1988–2018), concluded
that test anxiety is significantly and inversely related to a broad
spectrum of educational outcomes (von der Embse et al., 2018).
Furthermore, science anxiety (as such) has impeded students
from achieving their potential in science-related fields (Udo
et al., 2004). Unfortunately, many science students still experience
varying levels of science anxiety (Megreya et al., 2021); painfully,
the related construct of schoolwork-related anxiety (SRA) may
depend on their cultural settings (Altun and Kalkan, 2021). For
example, as Table 1 illustrates, SEA students reported generally
higher levels of SRA (Korea was the exception) than did their
peers from NWE (OECD, 2017b). Further, while the normative
expectation is that higher performing students would experience
less science anxiety (Cassady and Johnson, 2002); Taiwanese
students reported academic anxiety in an inverse U-shaped fashion;
that is, both low- and high-performing students experienced less
academic anxiety than did their peers with intermediate scores
(Sung et al., 2016). The term “inverse U-shaped” was invoked
by Sung et al. (2016) to emphasize that their results expressed
a particular sort of curvilinear relationship—that the outcome
measure (academic anxiety in this case) for both extremes of
the independent variable (academic performance) than for the
intermediate levels of the independent variable. Our research
was intended to determine if the results of Sung et al. (2016)
might be relevant to a potential relationship of SRA with SLP—
thus, moving from their generalized academic context to a more
specific science context. Further, might other nations/entities
geographically/culturally near Taiwan (Sung et al., 2016; e.g.,
SEA) also display an inverse U-shaped relationship between SRA
and science literacy? Perhaps, geographically/culturally distant
nations/entities (e.g., NWE) might show a negative linear
relationship between SRA and SLP (Cassady and Johnson, 2002)?
Ólafsson and Hansen (2022) found that teaching and learning
practices have shown connections with geographic nearness and
cultural similarity, thus supporting possible similarities among near

neighbor nations/entities. Preliminary information from Flanders
(Grabau, 2022) revealed decreasing SRA with higher tracks,
suggesting a negative linear relationship with higher SLP. This
introduction is intended to shed further light on four sequentially
connected concepts by: (i) contextualizing a range of anxieties
that science students may experience, (ii) reviewing research
relating science anxiety to science performance, (iii) providing
two theoretical frameworks through which to evaluate the social
comparisons that science students may be making (as well as
the stereotype threats that they may be sensing), and, finally,
(iv) considering the practical importance of a potential inverse
U-shaped relationship between science students’ SRA and their
science performance.

Generalized anxiety among students, already high prior to the
COVID-19 pandemic (Xin et al., 2020), appears to have risen as the
pandemic’s impacts on education became evident (Wang and Zhao,
2020). A sudden jumble of instructional modalities (emergency
online; planned online; face-to-face) elevated generalized anxiety
levels (Eshet et al., 2021). Overall academic and discipline-specific
anxieties have been shown to be more closely related to one
another than were either to generalized anxiety (Sahranavard et al.,
2013; Carey et al., 2017a). Math anxiety, well-studied in numerous
international large-scale assessments (Stoet et al., 2016; Foley et al.,
2017; Jia et al., 2021; Lau et al., 2022), may involve both learning
and evaluation aspects; that is, math anxiety may result from a
combination of concerns about learning mathematics as well as
math performance per se (Carey et al., 2017b). Further, Holm et al.
(2017) uncovered differences in math-related emotions associated
with math performance levels. While science anxiety has been
on the minds of science educators for several decades (Mallow,
1978, 1994; Brownlow et al., 2000)—particularly as a mechanism
by which science learning and science achievement have been
negatively impacted (Mallow, 1994)—large scale international
assessments (e.g., PISA) have not included science anxiety in
their student surveys. Thus, while transnational/cross-cultural
comparisons of math anxiety (and the impact of math anxiety
on math achievement) have been possible for many years, such
comparisons are less accessible in a science context.

Science anxiety research has been advanced recently by
instruments directly measuring this parameter (Kurbanoğlu and
Akin, 2015; Kurbanoğlu and Takunyaci, 2017; Benlloch-Pla et al.,
2019). Notably, the approach created and validated by Benlloch-
Pla et al. (2019) separately considered science tasks (analogous to
science learning) and science evaluations (closely related to science
testing). Their conclusion was that both aspects were relevant
to science anxiety overall, jointly impacting science performance.
In the PISA context, while science anxiety has not been directly
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TABLE 1 Schoolwork-related anxiety (SRA) indices and science literacy (SL) scores (OECD, 2017b) for nations/entities that assessed SRA in PISA 2015
(OECD, 2018a).

Nation/entity SRA index SL score Nation/entity SRA index SL score

Singapore 0.6 556 Chile 0.1 447

Costa Rica 0.6 420 Thailand 0.1 421

Brazil 0.6 401 Montenegro 0.1 411

Portugal 0.5 501 Peru 0.1 397

Italy 0.5 481 Tunisia 0.1 386

Uruguay 0.5 435 Sweden 0 493

Colombia 0.5 416 Croatia 0 475

Taiwan 0.4 532 Poland −0.1 501

Macao 0.4 529 Austria −0.1 495

Spain 0.4 493 France −0.1 495

Dominican Republic 0.4 332 Latvia −0.1 490

Japan 0.3 538 Russia −0.1 487

Hong Kong 0.3 523 Hungary −0.1 477

New Zealand 0.3 513 Lithuania −0.1 475

United Kingdom 0.3 509 Iceland −0.1 473

Turkey 0.3 425 Greece −0.1 455

Mexico 0.3 416 Bulgaria −0.1 446

Canada 0.2 528 Estonia −0.2 534

BSJG 0.2 518 Belgium −0.2 502

Australia 0.2 510 Czech Republic −0.2 493

United States 0.2 496 Luxembourg −0.2 483

United Arab Emirates 0.2 437 Slovak Republic −0.2 461

Qatar 0.2 418 Germany −0.3 509

Korea 0.1 516 Israel −0.3 467

Slovenia 0.1 513 Finland −0.4 531

Ireland 0.1 503 Switzerland −0.4 506

Denmark 0.1 502 Netherlands −0.5 509

Norway 0.1 498

Ranked by SRA index, from highest to lowest. Bolded nations/entities chosen to represent southeast Asia (Singapore, Taiwan, Macao, Japan, Hong Kong and Korea) and northwest Europe
(Ireland, Iceland, Estonia, Belgium, Finland, and the Netherlands).

evaluated, the measure “test anxiety” (see full details below in
Methods) includes prompts related to both academic learning
and academic testing (OECD, 2017b). Therefore, “test anxiety” (a
shorthand descriptor for the construct measured by PISA) has been
more appropriately described by PISA itself as “schoolwork-related
anxiety” (SRA); SRA may serve as a reasonable alternative in a
PISA context for science anxiety (OECD, 2017b). Since measures
of SRA and SLP (science achievement, framed in the PISA context
as a disciplinary literacy) are available for each individual student
participating in science-focused iterations of PISA, this construct
may provide a “treasure trove” of international data to explore for
relationships between SRA and SLP. Further, the 2015 iteration of
PISA emphasized SLP as the primary outcome measure, making
results from that PISA round of particular interest. A recent meta-
analysis has shown test anxiety to be the highest for middle school
students (von der Embse et al., 2018), implying that students in
their early to middle teen years may be most vulnerable to that

measure of academically related anxiety. Their conclusion thus
provides additional support for a focus on PISA data, as it is drawn
from a 15-year-old student pool in each nation/region participating
in these assessments. Thus, we believe that invoking SRA as an
alternative measure in place of science anxiety, using the science-
focused 2015 PISA dataset, is an appropriate means to investigate
relationships between SRA and SLP.

Even though Mallow (1978) identified the importance of
science anxiety as a roadblock to science learning and science
performance decades ago, relatively little research has been
reported on this obstacle. Brownlow et al. (2000), utilizing Mallow
(1994) scale, found that social factors (including self-assessment,
parental influence, and teacher support) impacted science
anxiety over-and-above a persistent gender effect. Science anxiety
contributed adversely to science achievement for Hong Kongese
students and was counterposed to science enjoyment (Wan and
Lee, 2017). Benlloch-Pla et al. (2019) identified anxiety in science
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contexts (that is, science tasks) separately from anxiety evoked
by science evaluations. Altun and Kalkan (2021) determined
that SRA significantly predicted SLP across three cultures with
differing mean SRA levels (Singapore, Italy, and Turkey, using
PISA 2015 data). However, Altun and Kalkan (2021) did not
reckon with the possibility of a lack of cultural invariance with
this SRA measure; both Rutkowski and Svetina (2014) and
Lafontaine et al. (2019) have cautioned against drawing such
inferences regarding the strength of student perceptions (e.g.,
disciplinary climate in the former, reading self-concept in the
latter) across widely divergent cultural and educational settings.1

Hence, the current research focuses primarily on patterns of
SRA responses to SLP levels within nations/entities. Taking that
caution into account, we note that Kurbanoğlu and Nefes (2015,
2016) found that context-based questions not only reduced
test anxiety of Turkish secondary students, but also enhanced
science achievement. Organic chemistry students showed a
negative relationship between science anxiety and achievement
(Kurbanoğlu and Akin, 2015). Socioeconomic levels have been
related to science anxiety among Iranian middle school students
(Sahranavard et al., 2013). Megreya et al. (2021) recently developed
the abbreviated science anxiety scale (ASAS); their scale included
science anxiety in both learning and evaluation contexts. Both
constructs were independently (and negatively) associated with
science achievement. In summary, existing research supports
measures of science anxiety which involve both science learning
and science evaluation aspects.

Both social cognitive theory (SCT) and stereotype threat theory
(STT) relate social comparisons/perceptions of students to their
educational outcomes. For example, social-cognitive inferences
by students can influence their academic performance (Bandura,
2005; Schunk and DiBenedetto, 2020), and stereotype threat can
impact exam performance (Aronson et al., 2002; Keller, 2007; Appel
et al., 2015). Invoking social cognitive theory in an Australian
context, Burns et al. (2021) suggested that students with high
science self-efficacy may not attain the anticipated benefits of this
trait, should they also experience high science anxiety. Meanwhile,
students with low science self-efficacy may benefit from situational
interest triggered by science anxiety (Burns et al., 2021). Thus, the
relationship between science anxiety and science achievement may
be indirect in some cases, operative through science self-efficacy
(Yildirim, 2012). Further SCT implications exist; for example, test
anxiety and/or science anxiety may depend on a range of interactive
social factors—for example, parental pressure, self-interpretation,
peer contexts, and teacher expectations (Wigfield and Eccles,
1989), and self-perceptions (including gender-related perceptions),
parents, and teachers (Brownlow et al., 2000). Turning to STT
research, Spencer et al. (1999) and Seo and Lee (2021) affirmed
that when students from stigmatized groups perceive that they
are being judged based on negative group stereotypes, such
students may experience both anxiety and underperformance in
academic settings. While Keller (2007) found stereotype threat to
adversely influence math achievement by German females; African
Americans (Aronson et al., 2002) and immigrants (differentially

1 Of course, cross-national articles continue to be published [e.g.,
Govorova et al. (2020); List et al. (2020)] without implementing multigroup
confirmatory factor analysis.

in Europe compared with the US, Appel et al., 2015) evidenced
adverse academic impacts via stereotype threats.

Given the above theoretical frameworks, one might anticipate
that student background characteristics, experienced by students
through SCT and/or STT lenses, could amplify science anxiety
(or SRA) as well as its adverse effects. Socioeconomic, cultural,
and parental factors may interact in unforeseen ways to
induce SRA; further, the way students experience these factors
may thus depend on their international contexts (OECD,
2017b). We remind our readers here (and ourselves!) that the
cautions of interpreting psychological constructs across diverse
geographies/cultures without first establishing cultural invariance
of the given measure remain in play (Rutkowski and Svetina,
2014; Lafontaine et al., 2019). Female gender (Britner, 2008;
Putwain and Daly, 2014; Núñez-Peña et al., 2016; and Kuo et al.,
2020), perceived parental pressure (Chen, 2012; Gherasim and
Butnaru, 2012), private (vs. public) school contexts (Leonard et al.,
2015), second language learning (Roo et al., 2020), instructional
approaches (Dávila-Acedo et al., 2021), and rurality (Stupurienė
et al., 2022) provide examples of social contexts within cultural
settings that may be associated with heightened science anxiety. In
summary, many aspects of the social environment that students
experience in their school contexts may be associated with their
titer of science anxiety and/or SRAy. Thus, student background,
and student perceptions of the science environments in their school
classrooms, may well relate not only to science anxiety, but also to
the alternative measure (SRA) available in the PISA 2015 dataset.

Sung et al. (2016), working with Taiwanese ninth graders,
observed an inverse U-shaped relationship between test anxiety
and academic achievement; specifically, both high- and low-
achieving students had lower test anxiety than medium-achieving
students. Further, the anxiety/achievement relationships within
those achievement categories differed; that is, lower-achieving
students had an overall positive relationship between test anxiety
and achievement [attributed by Sung et al. (2016) to a motivational
enhancement model—as suggested previously by Struthers et al.
(2000) and Cassady and Johnson (2002)]. In the case of
Sung et al. (2016), lower-achieving students generally had less
reason to care about impending consequential exams, as such
students already understood that they would not be able to
qualify for elite schools. However, better scoring students from
the lower-achieving cohort may have benefitted from adaptive
situational interest (Struthers et al., 2000). Meanwhile, their
higher-achieving students had a negative relationship between
text anxiety and academic performance explained by Sung et al.
(2016) via the cognitive interference model (Hembree, 1988). For
their intermediate-achieving students (with the highest levels of
test anxiety), Sung et al. (2016, p. 249) invoked a “stress-of-
uncertainty” model—students lacked assurance about their future
school placement, which depended on their performance on then-
impending high stakes exams (Chao and Sung, 2019) and were
uncertain (and therefore, stressed) about how best to prepare
themselves. Munz et al. (1975) argued that an inverse U-shaped
relationship between achievement anxiety and test performance
could be explained by differing arousal states (performance-
enhancing versus performance-impeding). Sommer and Arendasy
(2014, 2015) supported a deficit model as an explanation for
the relationship between test anxiety and academic performance.
Meanwhile, both Tobias (1985) and Everson et al. (1989) found
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that cognitive interference and skills deficits (in study habits
and/or in test-taking) both contributed to test anxiety. Worry and
emotionality both contributed to test anxiety (Minor and Gold,
1985); as did proximity (in time) to a final examination (Lotz and
Sparfeldt, 2017).

Subsequent work by Sung’s group has called for specific
interventions to ease test anxiety of intermediate-achieving
students (practices to enhance career advice for middle school
students and policies directed to encourage families to seek high
school placement in nearby rather than elite schools—Chao and
Sung, 2023) and more attention to national test design and revision
(Chao et al., 2024). Finally, Chao and Sung (2023) developed
the “Adolescents’ Uncertainty Scale” and suggested guidance
counselors and teachers could tailor support to those students
(most likely, intermediate achievers) that showed high levels of
academic uncertainty.

In summary, much remains to be uncovered regarding test
anxiety/SRA; for example, Jerrim (2023, p. 336; working in the
high-stakes test environment of the United Kingdom) concludes
that “... surprisingly little work has considered the extent to which
the link between test anxiety and examination performance is non-
linear. Specifically, is there a particular point when test anxiety
becomes too much and examination performance starts to decline?
Similarly, is there any evidence that test anxiety can be too low,
with a casual attitude and complacency about important upcoming
examinations meaning some teenagers end up achieving worse
results?”

Taking advantage of the international dataset provided by PISA
2015 (OECD, 2016a) which includes not only a measure of SRA
(OECD, 2017a, p. 317) but also a well-established measure of SLP
(OECD, 2018b, p. 75), we sought to identify linkages among these
two measures. Our sample consisted of six nations/entities selected
from SEA (high average SRA, high average SLP) as well as six
nations selected from NWE (low average SRA, high average SLP).
Further, we compared five SLP levels within each nation/entity,
facilitating potential validation of the inverse U-shaped response
(Sung et al., 2016) in Taiwan (in a slightly different context) as
well as a possible extension of that finding to the SEA region.
Our overarching research objective for this international project
was therefore to assess the relationship of SLP levels with SRA
in Taiwan and other SEA nations/entities in contrast with that of
NWE nations.

2 Materials and methods

After this introductory paragraph regarding the two primary
variables of interest in our work, data acquisition, data curation,
and analytical methods are sequentially described. Two variables
transcend all other measurements in this research: first, SRA and
second, SLP. The primary outcome measure for this research was
SRA (sometimes referred to as “test anxiety”); however, a close
consideration of the prompts used to derive SRA2 reveals that SRA

2 To what extent do you disagree or agree with the following statements
about yourself? (a) I often worry that it will be difficult for me taking a test. (b)
I worry that I will get poor < grades > at school. (c) Even if I am well prepared
for a test, I feel very anxious. (d) I get very tense when I study for a test. (e) I

is a more accurate descriptor for this measure (OECD, 2017b).
Secondly, SLP, as measured by PISA, essentially relates to a student’s
capacity to think scientifically [see footnote below for a more formal
description directly from OECD (2018b)].3 Student’s SLP scores
are derived from their responses to a subset of the item pool and
are estimated from ten probable values. For our work, we have
identified five science proficiency levels [1 through 5, with 5 being
the highest SLP level) based on science proficiency categories as
previously identified by OECD (2016b), p. 60] See details in the data
curation section below.

2.1 Data acquisition and selection
rationale

Every nine years, the triennial PISA assessment focuses on
science literacy and student- and school-level variables potentially
associated with SLP; the 2015 iteration was the most recent such
science-focused assessment by OECD (2016a). Table 1 represents
a synthesis of twin summary tables from PISA 2015; the first of
those tables listed SRA for each of the 55 nations/entities that chose
to include this parameter in their student surveys (OECD, 2017b);
the second listed SLP for those same 55 nations/entities (OECD,
2018a). Based on Table 1, six SEA nations/entities (Singapore,
Taiwan, Macao, Japan, Hong Kong, and Korea) and six NWE
nations (Ireland, Iceland, Estonia, Belgium, Finland, and the
Netherlands) were selected for more intensive research. Data
for those 12 nations/entities were downloaded from the OECD
database (OECD, 2016a) as SPSS files to facilitate the ensuing data
curation. Ólafsson and Hansen (2022) have shown that school
characteristics show relationships among culturally/geographically
clustered nations.4

Prior research identified contextual similarities and differences
among the twelve chosen nations that could potentially influence
the associations between SRA and SLP. For example, eight of
the twelve nations/entities chosen for the current research project
have been shown to have differing instructional practices—while
influence science performance to varying degrees (Lau and Lam,
2017). For example, Estonia and Finland used similar instructional
practices in science teaching contexts (Ronkainen et al., 2023);
however, those practices differed sharply from instruction provided
in the same suite of six SEA nations chosen for the current
study (Lau and Lam, 2017). Importantly, high stakes testing is
faced by Taiwanese students (Sung et al., 2016) while no such
national testing is experienced by Finnish students (Ministry of
Education and Culture, Finland [MECF], 2024). Further, perceived
social expectations can act as a trigger for test anxiety in Taiwan
(Sung and Chao, 2015) as well as Singapore (Ang et al., 2009)

get nervous when I don’t know how to solve a task at school. (1 = Strongly
agree, 2 = agree, 3 = disagree, 4 = strongly disagree). (OECD, 2017a, p. 317).

3 According to OECD (2018b, p. 75), “A scientifically literate person is
willing to engage in reasoned discourse about science and technology,
which requires the competencies to: explain phenomena scientifically...,
interpret data and evidence scientifically..., [and] evaluate and design
scientific enquiry„,”

4 Ólafsson (as-yet unpublished personal communication) has found that
teaching practices and learning experiences have shown connections with
geographic nearness and cultural similarity.
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and Korea (Lee and Larson, 2000). Recent work by King et al.
(2024) with the PISA 2015 dataset, identified income inequality at
the national level as an important consideration for test anxiety.
Notably, all six NWE nations and five of six SEA nations/entities
(Macao was the lone exclusion) were included in the report of
King et al. (2024). Average income inequality for the NEW cluster
in their report was 27.7; meanwhile, average income inequality
for the five included SEA nations/entities was 34.1. Thus, King
et al. (2024) provide additional support for our selection of these
groups of nations/entities.5 Differences within regions were also
noted; for example, the highly stratified schools (via tracking and
grade retention) in Flanders (Dutch-speaking region of Belgium)
showed different associations between science literacy and several
dispositions towards science than did those of Ireland (Grabau and
Van Damme, 2023).

2.2 Data curation

While SRA values (on an individual student basis) were
directly usable in subsequent analyses, science literacy proficiency
(SLP) levels were consolidated from those provided by OECD
for this work; this paragraph describes the consolidation process
we used. National Center for Education Statistics [NCES] (2023)
summarized eight SLP levels for PISA 2015 as follows: (i) below
level 1b (SL scores from 0 to < 260.54, (ii) level 1b (SL scores
260.54 to < 334.94), (iii) level 1a (SL scores 334.94 to < 409.54), (iv)
level 2 (SL scores 409.54 to < 484.14), (v) level 3 (SL scores 484.14
to < 558.73); (vi) level 4 (SL scores 558.73 to < 633.33), (vii) level
5 (SL scores 633.33 to < 707.93), and (viii) level 6 (SL scores 707.93
to 1000). As OECD (2016b) further describes as “low performers”
those students below their level 2, and “high performers” those
above level 4, we chose to simplify the categorization of science
proficiency to five levels for this research. Thus, the SLP descriptors
used in this study were level one (SLP < 409.54); levels two,
three, and four (as shown above), and level five (SLP > 633.33.
Assignment of each a student to a given science proficiency level
was based upon the average of each student’s ten plausible SLP
values. We note that Jerrim et al. (2017) concluded that using
all available plausible values could slightly improve measurement
precision. These data manipulations (as well as those described
below) were completed using SPSS (version 29.0).

To take advantage of the value of MLM to evaluate potential
associations of SLP levels (one through five, as defined above)
with SRA6, we downloaded, then appropriately configured a suite
of both student- and school-level variables previously associated

5 Jerrim and Zieger (2024) have recently shown that the socio-economic
achievement gradients within PISA datasets may suffer from both procedural
and measurement errors, raising modest questions about the work of
King et al. (2024).

6 Essentially, our approach allowed us to investigate the “above-and-
beyond” associations of SRA with SLP levels, as we included suites of
student- and school-level variables in our MLM for SRA as outcome variable.
Since previous work with PISA 2015 science data had shown associations
between these suites of variables and SLP (as outcome measure), we
decided to include similar science-related measures in this research. That
was intended to reduce the possibility of spurious results (which could have
been obtained for relationships between SRA and SLP levels, had we only
utilized that pair of student-derived measures).

with SLP in the context of PISA 2015 (Grabau et al., 2021, 2022).
While some student-level (e.g., gender) and school-level (e.g.,
school-mean ESCS) were available for all 12 nations/entities in
this research, important differences between the available suites of
student- and school-level measures existed (e.g., only Belgium and
the Netherlands used tracking—and their tracks were somewhat
different).

Student-level variables were acquired from the student
questionnaire (OECD, 2016c) and configured for our MLM
analyses as follows: gender (dummy variable; females coded as 0,
males as 1), age (continuous variable, age in years around target
as of 15—lower limit of 15.25 years, upper limit of 16.25 years),
immigration status (double dummy variable; native students as
1, second- and first-generation immigrants as 0; first-generation
students as 1, native and second-generation students as 0), home
language (dummy variable; majority language as 1; other languages
as 0),7 grade standing [generally, a double dummy approach
for those nations that used “retention-in-grade” practices to a
substantive degree; generally, using grade 108 and higher as one
dummy variable (grade 10+ coded as 1, lower grades as 0) and
grades 7&8 as the other dummy variable (grades 9 and up coded
as 0)], student-level ESCS (continuous), and tracking as a double
dummy for both Belgium and the Netherlands [general (Belgium)
or university (the Netherlands) as l, lower tracks as 0 and vocational
(both nations) as 1, higher tracks (including the intermediate
technical track) as 0].

School-level measures included: school size (continuous, in
thousands), science-certified teachers (continuous, proportion of
total), school grade level (continuous, derived from student grade
level), school community size (dummy coded as 1 for communities
of 100,000 or more people, 0 for smaller communities), school-
mean ESCS (derived from student ESCS, continuous), instructional
leadership (continuous, from survey of principals), disciplinary
climate in science classes and teaching support in science classes
(both continuous, both aggregated from student responses), and
parental support for science (continuous, from survey of parents).

2.3 Analytical methods

For each of the five SLP levels for each of the twelve
nations/entities (as well as both regions), SRA means and
standard deviations were calculated (using SPSS). Note that
Supplementary Table 1 also includes the total number of
students for each nation/entity within each SLP level, as
well as percentages compared with the given nation/entity (or
region). To compare means of the five SLP levels at the
regional level (separately, SEA and NWE), we used one-way
analysis of variance (ANOVA) complemented by post-hoc means
comparisons (Supplementary Table 2).

We utilized MLM to be able to isolate “above-and-beyond”
associations of SLP levels with SRA; that is, this approach

7 Note that some exceptions existed for home language—for example, for
Finland, we used a double dummy approach to account for three different
home language groupings—Finnish, Swedish and all other home languages).

8 Note that Estonia’s reference grade level was grade 9, as that is the
normative grade for that nation’s 15-year-olds.
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controlled for other student (and school) variables potentially
associated with our outcome measure (SRA). MLM, using HLM
8.0 (Raudenbush et al., 2011; Scientific Software International [SSI],
2019), considered SRA as the outcome variable for 24 separate
models (two for each nation/entity). Data for each nation/entity
were split into two cohorts: the lower cohort (including SLP levels
one, two and three), and the upper cohort including SLP levels
three, four and five). Two dummy SLP variables were created
for each cohort, as follows: i) for the lower cohort’s first dummy
variable, level one was coded as 1 and levels two and three as
0; and ii) for the lower cohort’s second dummy variable, level
three was coded as 1, and levels one and two as 0. A similar
pair of dummy variables was created, in a similar fashion, for the
upper cohort. These dummy variables provided an unambiguous
mechanism to identify significant associations among each of the
five SLP levels for all nations/entities in this research. For example,
if both levels one and three (within the lower cohort) were found to
be significantly associated with SRA, we would conclude that level
one differed from level two and that level three also differed from
level two. If, for example, only level one was significantly associated
with SRA, we would conclude that levels two and three did not
differ. This approach is supported by Wissmann et al. (2007) and
Anderson et al. (2014) as appropriate for categorical values such as
these implemented for SLP levels. The following paragraph details
the steps taken for each of the 24 models of interest.9

The outcome variable (for all models) was SRA. We invoked
a full maximum likelihood procedure and utilized OECD-
provided (OECD, 2016a) weights at both student (W_FSTUWT;
final trimmed nonresponse adjusted student weight) and school
(W_SCHGRNRABWT; grade nonresponse adjusted school base
weight) levels. Thus, weights were applied in concordance with
the recommendations of Anderson et al. (2014) and Jerrim et al.
(2017). Missing values for student variables were dropped at the
stage of analysis; missing values at the school level were handled
via multiple imputation within SPSS. All variables, including
categorical ones (Yaremych et al., 2023), were grand mean centered
for multilevel modeling. First, a null model was run for each of
the 24 models; this allowed us to identify the proportion of null
variance attributed to student and school variances (Supplementary
Table 3). Second, for each model, the full suite of student variables
for each given nation/entity (see Supplementary Table 4 footnote
for details) was entered at the outset; after each run of the model,
the least significant student-level variable was dropped from the
model until all remaining variables met the p < 0.05 criterion.
We then loaded the full suite of school variables for each given
nation/entity; once again, we dropped the least significant school
variable after each run, until all remaining school variables met
the p < 0.05 criterion. Resultant statistics for each parsimonious

9 Please note that we chose this “lower and upper cohort” to MLM in
order to be able to draw crystal clear inferences about comparing the
five SLP levels. An alternative approach, suggested by an reviewer of this
manuscript, would have been to use the full dataset for each nation/entity
and to use a “quadruple dummy” set-up to compare the five SLP levels.
In fact, our first round of MLM used that approach. Interpretation of our
results with quadruple dummies not only lacked coherence with our prior
ANOVA results, but also was ambiguous (in terms of comparisons among
multiple dummy variables. We chose to separate lower and upper cohorts
(as described in the text above); this allowed for unambiguous interpretation
of double dummy variable results for both cohorts, thus providing clear
comparisons of SLP results.

final model are shown in their entirety in Supplementary Table 4.
Effect sizes (Cohen’s d; Cohen, 1988) were calculated for each
variable showing significant associations with SRA. Table 2 presents
all significant SLP level associations with SRA, as drawn faithfully
from Supplementary Table 4. Both student and school variances
for each of the 24 final (parsimonious) models are shown in
Supplementary Table 3. Note that proportions of both student and
school variance accounted for by the parsimonious model are also
shown in Supplementary Table 3.

Finally, we chose not to invoke a multi-group confirmatory
factor analysis (MG CFA) in this research study. As both Rutkowski
and Svetina (2014) and Lafontaine et al. (2019) have pointed out,
international studies utilizing common psychological constructs
across cultures may be understood (and thus addressed) differently
by students in divergent cultures. Should researchers wish to
directly compare results across cultures, a reasonable expectation
could be that an MG CFA be applied, and that such an analysis
would support cultural invariance of the measure of interest. Both
our intent (to compare SRA response to SLP levels within cultures)
and our initial evaluation of cross-cultural correlations suggested
that MG CFA would not be necessary to invoke nor likely to
be confirmed. Regarding those correlations, the six selected SEA
nations/entities showed a positive correlation (+0.88∗) between
mean SRA and SLP levels, while the six chosen NWE nations
showed a negative correlation (−0.41, NS) among the same pair
of variables. Hence, we have focused on relationships within
nations/entities, rather than on regional similarities/differences.

3 Results

Our presentation of results relates to the associations between
SRA and SLP levels as provided by (a) ANOVA of mean SRA
with respect to both individual nations/entities as well as across
regions, (b) MLM (which tested such associations in the context
of a substantial suite of other student and school variables), and
(c) a comparison of the results from our two analytical approaches
(ANOVA and MLM).

3.1 Comparison of SRA means by region
and by nation/entity

We present comparisons of mean SRA by SLP levels in three
stages: first, an overall descriptive comparison by regions; secondly,
a descriptive comparison of nations/entities within the two regions;
and thirdly, a comparison by SLP levels for each of the 12
nations/entities studied. We underscore here the descriptive nature
of the below comparisons of both regions and nations/entities,
given the likely cultural variance in responses of students to the SRA
prompts. Overall results for both the SEA and NWE regions are
presented as descriptive measures subjected to analysis of variance
(Figure 1). Across 35711 students from six SEA nations/entities,
SRA averaged 0.34; meanwhile, across 34601 students from six
NWE nations, SRA averaged −0.21 (p < 0.001, t1,70310 = 75.991).
Thus, the SRA average was significantly and substantially greater
(by 0.55 standard deviation units, revealing greater anxiety in
school contexts) for the SEA region than for the NWE region.
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TABLE 2 Multilevel modeling results for each of six nations/entities within Southeast Asian or Northwest European nations.

Schoolwork-related anxiety as outcome, multilevel modeling by science literacy proficiency (SLP) cohorts

Lower cohort model Upper cohort model

SLP level 1 SLP level 3 SLP level 3 SLP level 5

Region Nation/Entity Co-eff. p-value d-value Co-eff. p-value d-value Co-eff. p-value d-value Co-eff. p-value d-value

SE Asia Hong Kong NA NS NA −0.132 0.003 0.054 0.179 0.001 0.087 −0.241 0.001 0.072

Japan NA NS NA NA NS NA NA NS NA NA NS NA

Korea NA NS NA NA NS NA NA NS NA NA NS NA

Macao NA NS NA −0.220 0.001 0.044 0.277 0.001 0.128 −0.300 0.001 0.094

Singapore NA NS NA NA NS NA 0.214 0.001 0.052 −0.185 0.001 0.067

Taiwan −0.110 0.027 0.034 NA NS NA NA NS NA −0.257 0.001 0.094

NW Europe Belgium 0.124 0.014 0.034 −0.099 0.019 0.033 0.229 0.001 0.099 −0.160 0.001 0.052

Estonia NA NS NA −0.198 0.001 0.074 0.174 0.001 0.055 −0.315 0.001 0.084

Finland 0.176 0.003 0.053 −0.182 0.001 0.081 0.233 0.001 0.092 −0.130 0.025 0.036

Iceland 0.234 0.001 0.072 −0.298 0.001 0.138 0.320 0.001 0.147 −0.414 0.001 0.109

Ireland 0.139 0.001 0.054 NA NS NA 0.190 0.001 0.061 −0.223 0.001 0.072

Netherlands NA NS NA NA NS NA 0.118 0.005 0.050 NA NS NA

Full multilevel modeling results, for both lower and upper science proficiency level “cohorts” for each nation/entity studied are shown in Supplemental Table n. Note that all such multilevel models included a substantial suite of locally available student background
and school context/climate measures, tested for inclusion in final, parsimonious multilevel models (see Supplementary Table 2). Here in this table, we show only results for dummy variables utilized to compare the five science proficiency levels. Note that we invoked a
“two-stage” analytical model in which we first compared levels 1, 2 and 3 and secondly compared levels 3, 4 and 5 (see methods for more complete description of our analytical approach). Appropriate interpretation of this table relates to the “double dummy” approach
with used within each “cohort” of science proficiency levels. Level two (lower cohort) and level four (upper cohort) are inferred to be different from levels one and three and levels three and five, respectively, by the presence of significant coefficients (either negative or
positive) by adjacent levels within a given cohort. For example, “NS” for both levels one and three in the lower cohort for the Netherlands indicates that levels one, two and three did not have a significant association with schoolwork-related anxiety. Meanwhile, in the
upper cohort for Belgium, level three had a positive coefficient and level five had a negative coefficient; the interpretation for a result like this is that science proficiency levels 3, 4 and 5 were each associated separately with schoolwork-related anxiety. Further, the positive
and negative signs in this case indicate that differences among these three science proficiency levels were arrayed in a stepwise fashion—that is, Belgian students from level 3 had high, level 4 had intermediate, and level 5 had low levels of schoolwork-related anxiety
(within this upper cohort for Belgium).
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Distributions of students to SLP levels, expressed as percentages of
the regional totals (Supplementary Table 1), revealed numerically
higher percentages of NWE students in both lower SLP levels
(one and two); however, level three percentages were similar for
both regions, and numerically greater for SEA for both SLP levels
four and five. Notably, the weighted average SLP score (533) for
the six nations/entities chosen to represent SEA was numerically
higher than the weighted average SLP score (510) for the six
nations chosen to represent NWE [calculated from nation/entity
mean SLP scores (Table 1) and nation/entity student numbers
(Supplementary Table 1)]. The observed distribution differences
can be further illuminated by comparing pooled percentages for
SLP levels one and two, SLP level three, and pooled percentages for
SLP levels four and five, as following: 29.2%, 29.8%, and 41.1% for
the SEA region; and 36.6%, 29.5%, and 33.9% for the NWE region,
respectively. At the regional level, SRA for SLP levels showed
significantly differing patterns for the two regions. While SEA
had a “modified U-shaped” response, NWE showed stepwise (or
“staircase”) negative linear response (Figure 1). More specifically,
the SEA region showed the highest SRA values for SLP levels two
and three, intermediate values for SLP levels for one and four,
and lowest SRA values for the highest SLP level (five). Meanwhile
for NWE, each successive SLP level from lowest (one) to highest
(five) had successively and significantly lower SRA values. We
acknowledge the descriptive nature of these comparisons, owing
to an obvious lack of cultural invariance of the SRA construct
employed.

At the national/entity level, SRA means varied from 0.11
(Korea) to 0.59 (Singapore) within the SEA region, and from
0.15 (Ireland) to −0.54 (the Netherlands) within the NWE region
(Supplementary Table 2). Thus, the SEA nation (Korea) with the
lowest mean SRA had a similar SRA mean as did the NWE
nation (Ireland) with the highest regional SRA mean. Meanwhile,
Singapore’s SRA mean was more than a full standard deviation
unit higher than that of the Netherlands. Within the SEA region,
the remaining four nations/entities (Taiwan, Macao, Hong Kong,
and Japan) had relatively similar SRA means; meanwhile, Finland’s
mean SRA of −0.41 was numerically less than the means of the
remaining three NWE nations (Estonia, Belgium, and Iceland).
Note that means separation by nation/entity (within region) are
shown in Supplementary Table 2. Once again, we present these
comparisons under the “caution flag” of likely cultural variance
in students’ readings of SRA prompts. Sample sizes varied by
nation/entity; the largest sample sizes were for Taiwan in the
SEA region and Belgium in the NWE region, and the smallest
sample sizes were for Macao (SEA) and Iceland (NWE).10 Since
our regionally comparative ANOVA was over-represented by both
Taiwan and Belgium and under-represented by Macao and Iceland,
these regional comparisons should be treated as descriptive rather

10 Decisions on the number of schools sampled for PISA 2015 were
handled by national program managers (NPM); for example, the two
NPMs for Belgium (Dutch-speaking Flanders and French-speaking Wallonia)
sought to capture variability related to that nation’s three educational
communities (Dutch, French, and German) (OECD, 2017a, p. 72). Note that
German-speaking schools in Belgium employed a census approach, due to
their relatively small total population, Relatedly, nations/entities with fewer
than 150 schools (e.g., Macao, Iceland) included all students from all schools
(OECD, 2017a, p. 68). See Supplementary Table 2 for information on the
number of schools included in each studied nation/entity.

than as conclusive. We note that the following analyses (Figure 2)
are not similarly constrained by over- or under-representation,
since the comparisons are within nations/entities.

Patterns of SRA in response to SLP levels differed by
nation/entity within region. For the SEA region, Taiwan showed
a clear inverse U-shaped response, with both SLP levels 1 and
5 showing significantly lower SRA than the intermediate SLP
levels (2, 3 and 4) (Figure 2A). For both Japan and Korea, the
lowest SRA means were for SLP level 1; however, SRA means
of intermediate SLP levels were not significantly different from
SLP level 5. Meanwhile, Hong Kong, Macao, and Singapore all
showed a trend for significantly declining SRA means for higher
SLP levels. In contrast, the norm for NWE nations was to
show stepwise (Finland and Iceland) or nearly stepwise (Belgium,
Estonia, Ireland) declines in SRA means at higher SLP levels
(Figure 2B). Only the Netherlands diverged from this pattern;
consistent and remarkably low SRA levels only differed for SLP
level 5.

3.2 Multilevel modeling

MLM was invoked to identify the “above-and-beyond”
associations of SRA with SLP levels within each of the twelve
nations/entities studied in this research project. Thus, student
and school variables (as available in each of the twelve
contexts) were included in these models, alongside SLP variables,
chosen to provide unambiguous separation among the five
different SLP levels.

Table 2 shows those SLP variables which were significantly
associated with SRA in both lower (levels one to three) and upper
(levels three to five) cohorts for each of the twelve nations/entities.
Note that full MLM results are shown in Supplementary Tables 3,
4 (Supplementary Table 3 compares null and parsimonious model
statistics, and Supplementary Table 4 lists significant variables for
each of 24 parsimonious models, along with their coefficients,
significance levels and d values). Briefly, the proportion of student
variance accounted for by the parsimonious models (expressed as
percentages) ranged from 0.3 to 5.8% for SEA nations/entities and
from 4.5 to 16.1% for NWE nations. We first present the MLM
results for SLP levels based on Table 2; secondly, we compare (and
contrast) MLM results with ANOVA results for each nation/entity.

3.3 Multilevel modeling results,
Southeast Asia

For Hong Kong, we will explain the logic of our interpretation
of MLM results (Table 2), then will move through the remaining
nations/entities without re-explaining our interpretive schema. The
use of two dummy SLP variables for the lower cohort and two
dummy SLP variables for the upper cohort allowed us to compare
the three SLP levels in each cohort. In the case of the lower cohort
for Hong Kong, the dummy variable for SLP level one was not
significant; we interpret this to indicate that SLP levels one and two
did not differ. Meanwhile the dummy variable for SLP level three
was significant, with a negative coefficient. We interpret this result
as showing that SRA of level three was significantly less that than of
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FIGURE 1

Regional comparisons between SEA and NWE of mean SRA by ascending SLP levels. *Bars with differing letter notations significantly differ within
SEA or NWE regions.

level two. In the case of the upper cohort of Hong Kong, the dummy
variable for level three was significant, with a positive coefficient,
while the dummy variable for level five was also significant, but
with a negative coefficient. We interpret these results to show that
SLP level three had higher SRA than did SLP level four, and that
SLP level four had higher SRA than did SLP level five. In summary,
across the two Hong Kong cohorts, levels one and two showed
the highest SRA, and levels three to five showed a significant and
stepwise decrease in SRA.

Neither Japan nor Korea showed differences among SLP levels.
The general pattern for Macao matched that of Hong Kong; that
is, SLP levels one and two did not differ from each other, but SLP
levels three to five showed significant, stepwise declines in SRA. The
pattern for Singapore diverged from that of Macao and Hong Kong;
that is, SLP levels one, two, and three did not differ; however, levels
four and five had sharply declining SRA values. Finally, the pattern
for Taiwan was quite different, with SLP level one having a lower
SRA value than SLP levels two, three, or four (those three SLP levels
did not differ for Taiwan), and SLP level five also showing a lower
SRA value than the “central” three SLP levels (two, three and four).

3.4 Multilevel modeling results,
Northwest Europe

Belgium, Finland, and Iceland showed significant and stepwise
declines for each SLP level, from one through five. The coefficients
for Iceland were particularly pronounced and were numerically the
largest of any of the twelve nations/entities at each step. The pattern
for Estonia matched that of Hong Kong and Macao, with SLP levels
one and two not different, but with SLP levels three through five
showing progressively lower SRA values. The pattern for Ireland
was unique, with higher SRA values for SLP level one than SLP
levels two or three (which did not differ from one another), and
then progressively lower SRA values for SLP levels four and five.
SLP levels one, two and three did not show differing SRA values for

the Netherlands; however, SLP level four had lower SRA than did
SLP level three (and SLP levels four and five did not differ).

3.5 Comparison between MLM and
ANOVA results

We first identify similarities between our two analytical
approaches (notably, confirmation of Taiwan’s inverse U-shaped
response), and then move to differences between these approaches.
For both approaches, Taiwan had significantly lower SRA values for
SLP levels one and five, with no differences among the intermediate
three SLP levels. For both Japan and Korea, ANOVA provided some
support for an inverse U-shaped relationship between SRA and SLP
levels; however, under MLM, these differences disappeared. For
Hong Kong, Macao, and Singapore, SRA significance and values
were less frequent or pronounced at the lower SLP levels than
at the upper SLP levels—for both analytical approaches. For both
analytical approaches, both Finland and Iceland showed significant
stepwise declines in SRA values across SLP levels (from one through
five). In a similar manner, the patterns for both Estonia and Ireland
were confirmed by both analytical approaches. Belgium’s pattern
showed a modest difference among approaches (fully stepwise
under MLM, less stepwise under ANOVA). Finally, the Netherlands
(with very low SRA values at all five SLP levels) showed different
results under MLM (SLP level three highest SRA) compared with
ANOVA (SLP level five lowest SRA value).

4 Discussion

The objective of this research was to assess the relationship of
SLP levels with SRA in Taiwan and other SEA nations/entities in
contrast with that of NWE nations. Our discussion thus begins with
Taiwan-specific inferences, and then moves on to inferences within
both SEA and NWE regions. We continue with implications and
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FIGURE 2

Comparison of mean SRA for each of five ascending SLP levels for six nations/entities from both SEA (A) and NWE (B). Bars with differing letter
notations significantly differ within SEA or NWE nations/entities.

recommendations based on this work, and finish with limitations
and conclusions.

4.1 Validation of previous Taiwanese
results

Despite differences in sampling frame and measurements,
our results (comparing measures of anxiety with measures of
performance) were comparable to those of Sung et al. (2016). Our

sampling frame differed in year (2015 vs. 2011 of Sung et al., 2016),
student grade level (by age—15.25 to 16.25 years of age at sampling,
56.1% in tenth grade, 43.9% in ninth grade vs. all ninth graders),
sample size (7708 vs. 1931 students), and student performance
levels [five SLP levels, as described by PISA 2015 (OECD, 2016b) vs.
ten decile levels on the standardized overall academic achievement
exam for Taiwan]. Importantly, measures of anxiety also differed
[SRA vs. “examination stress scale”, consisting of three dimensions
(physiological, social, and cognitive/behavioral)]. Notably, both sets
of students were sampled from schools throughout Taiwan. Despite
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such differences, the overall results were similar—in both cases,
an inverse U-shaped relationship between test-related anxiety and
academic performance were detected. Thus, we argue that the
similarity of our results to those of Sung et al. (2016) provides
support both for our approach and our findings. We further note
that all three dimensions of the examination stress scale (Sung et al.,
2016) showed inverse U-shaped relationships with standardized
examination performance. We believe that this similarity provides
support for extension of the corresponding outcomes from the
two Taiwanese studies to our broader comparisons of other
nations/entities within SEA (see next paragraph) as well as to our
implications section (below).

4.2 Inferences within SEA and NWE

While prior reports have emphasized a negative linear
relationship between academic and discipline-specific anxiety
measures and student performance (e.g., Cassady and Johnson,
2002), our ANOVA (Figure 1, Supplementary Table 1) has
shown an inverse U-shaped relationship between SRA and SLP
levels for the SEA region. In contrast, the ANOVA (Figure 1,
Supplementary Table 1) for the NWE region described an overall
negative linear relationship between SRA and SLP levels. We
recognize that the presence of differing response patterns for
individual nations/entities within both SEA and NWE regions
(Figure 2) limits the generalizability of our regional analysis. At
a national/entity scale and relating to our ANOVA approach,
three SEA nations/entities (Taiwan, Japan, and Korea) showed
inverse U-shaped relationships between SRA and SLP levels, both
confirming (Taiwan) and extending (Japan and Korea) the prior
results of Sung et al. (2016). Thus, we argue that our Taiwanese
results extend the generalized academic work of Sung et al. (2016)
into the discipline-specific context of science (via our established
association among SRA and SLP levels) and provide some evidence
of a similar relationship for both Japan and Korea. While the
ANOVA results for the remaining three SEA nations/entities
(Hong Kong, Macao, and Singapore) were generally representative
of a negative linear relationship between SRA and SLP levels (as
were Belgium, Estonia and Ireland from the NWE region), both
Finland and Iceland were fully stepwise in this relationship, with
each successive SLP level showing significantly lower SRA. As
noted in the results above, Iceland showed the most pronounced
differences in SRA by SLP level of any of the twelve nations/entities
studied. The Netherlands showed minimal SRA differences across
SLP levels. Finally, and importantly, most nations/entities showed
a strong relationship between SRA and SLP levels.

While the complexities of differing availabilities of student
and school variables for the included suites of nations/entities
precluded a transcendent MLM approach (that is, MLMs across
nations/entities and/or across regions), single nation/entity MLMs
granted us the opportunity to evaluate the associations of SRA with
SLP levels within each of the 12 nations/entities considered in this
research. Under MLM, only Taiwan showed an inverse U-shaped
response of SRA to SLP levels (Table 2). Thus, our MLM results
partially confirmed our less-rigorous ANOVA results (Figure 2).
Some other SEA entities (Hong Kong, Macao) showed a nearly
stepwise response of SRA to SLP levels— (levels 1 and 2 were

equivalent). Excepting the unusual case of the Netherlands, NWE
nations were either stepwise (Belgium, Finland, Iceland) or nearly
so (Estonia, Ireland). Thus, highest SRA values (greatest anxiety)
were generally for the lowest SLP levels.

4.3 Implications and recommendations

Given the strong coherence of our Taiwanese results with
the prior work of Sung et al. (2016) and given our moderate
evidence (from ANOVA) for similar inverse U-shaped associations
between SRA and SLP for Japan and Korea, we believe that
science educators in those nations (and perhaps in that region?)
may need to target SRA-management efforts on students in
middle-performance levels. While Hong (2010) reported on an
intervention effort designed to minimize science anxiety among
high-performing students, both our results and those of Sung
et al. (2016) would suggest that, in certain contexts, both high-
and low-performing students may be less subject to performance-
inhibiting science anxiety/SRA than those in middle-performance
levels. Further, while inverse U-shaped relationships between SRA
and SLP were not detected amongst our sample of NWE nations,
such relationships could well occur in other regions (for example,
Latin America—see Table 1) or indeed within local schools (or
classrooms) anywhere in the world. Additionally, the possibility
that some in-class anxiety could be adaptive has been raised (Munz
et al., 1975); this could conceivably suggest that an effort to enhance
adaptative anxiety of low-performing students could be fruitful.

Interventions intended to mitigate SRA (or other forms of
academic anxiety) should both be well-grounded in existing
theoretical frameworks and field tested in relevant student learning
contexts. Both SCT and STT can help provide insights here,
as well as the approach of Sung’s group (Sung and Chao,
2015; Sung et al., 2016; Chao and Sung, 2019, 2023; Chao
et al., 2024) toward explaining their observed inverse U-shaped
response in Taiwan. Under both SCT and STT, students collate
their perceptions about how other persons see them in a
learning/performance context (Putwain and Daly, 2014; Appel
et al., 2015; Schunk and DiBenedetto, 2020); educators may need
to consider potential adverse triggering of student anxiety as
they implement teaching strategies designed to heighten student
attentiveness and engagement. Given the heightened SRA among
intermediate SLP levels in Taiwan (compared with both the
lowest and highest SLP levels), social comparisons/sensations
of stereotype threat may be more problematic for students
are intermediate performance levels. Thus, selection of teaching
strategies may need to bear in mind these potential vulnerabilities of
their intermediate performing students. For example, active student
learning (vs. passive teacher lecturing) has received much attention
of late (Daniel, 2016; England et al., 2017; Cooper et al., 2018;
Downing et al., 2020; Liu et al., 2022); examinations of a variety
of active learning strategies have revealed dissonances in how
such strategies are associated with academic anxiety. Generally,
calling on individual students (England et al., 2017; Cooper et al.,
2018) appears to increase anxiety of at least some students, while
retrieval practice (using classroom clickers; Agarwal et al., 2014),
particularly as a formative assessment (Molin et al., 2021) mitigated
academic anxiety. Collaborative/group work is generally supportive
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of lessened anxiety (Fung, 2020) and enhanced performance
(Grabau and Ma, 2017); unfortunately, socially anxious science
students may not respond well to this intervention (Scanlon et al.,
2020). Students in middle-performance levels may reasonably
sense higher stakes for their science performance (Sung et al.,
2016); social comparisons with their peers (whether high- or
middle-performing) may indeed heighten these students’ anxieties.
A more comprehensive active learning strategy (incorporating
educational games and formative assessment) not only reduced
students’ anxiety levels, but also improved science proficiency for
both undergraduates (Cardozo et al., 2020) and dental students
(Cardozo et al., 2023).

Besides the above-noted differences among nations/entities
included in this work, vis-à-vis teaching approaches (Lau and Lam,
2017; Ronkainen et al., 2023) and high stakes testing (Chao et al.,
2024; Ministry of Education and Culture, Finland [MECF], 2024),
other differences in social contexts (Lee and Larson, 2000; Ang
et al., 2009; Sung and Chao, 2015) could conspire to trigger student
anxieties in divergent ways. Recently, Chao and Sung (2023) have
developed and validated an “Adolescent Uncertainty Scale” (which
assesses their uncertainty-of-stress model at an individual level);
evaluation of student responses to this scale could be useful in
counseling and supporting students experiencing higher academic
anxiety levels (perhaps concentrated, in the case of Taiwan and
other culturally near, high-stakes testing nations/entities, among
middle-performing students). This new development may provide
new insights to student’s academic anxieties, above and beyond
what was possible under earlier approaches (Minor and Gold, 1985;
Tobias, 1985; Sommer and Arendasy, 2014, 2015). At an individual
level, improved career counselling (Chao and Sung, 2023) and
enhanced stress coping strategies (Shields, 2001; Sung et al., 2016)
have been suggested to reduce uncertainty-related stress. At a social
level, Chao and Sung (2019) urged educational policymakers to
work to socially normalize reduced pressure to gain access to
elite schools. Relatedly, the ongoing investment by students (under
pressure from their parents?) in “cram schools” in advance of
consequential exams could be reduced by appropriate educational
policies (Chao and Sung, 2019; Chao et al., 2024).

We recommend follow-up research regarding inverse U-shaped
relationships between academic anxieties (science anxiety per se;
SRA) and science literacy in other contexts, for example, Latin
America might be a good investigative choice, given the generally
elevated national means for Costa Rica, Brazil, Uruguay and
Colombia (Table 1). Identification of such relationships in other
educational contexts could well provide impetus for interventions
designed to minimize maladaptive anxiety [among intermediate
performing students having the most to gain (or lose) by their
exam performance (Sung et al., 2016)] or to enhance adaptive
attentiveness (Munz et al., 1975) of lower performing students.

4.4 Limitations and conclusion

We acknowledge several limitations to our work: i) the
correlational/associational nature of inferences that can be drawn
from the PISA 2015 dataset (OECD, 2016a) invoked in this
research, ii) the use of a general measure of students’ anxiety in
a science context (SRA) rather than a discipline-specific measure

of science anxiety (Megreya et al., 2021), iii) the limited sample
of nations/entities within the two regions chosen for study, iv)
the apparent lack of cultural invariance in the anxiety measure
(SRA) used in this international assessment, and v) over-and under-
representation of nations/entities in the regional comparisons (SEA
and NWE that we evaluated). We have consistently tried to avoid
language suggesting that the associations observed in our research
infer causality; subsequent research work (e.g., longitudinal student
observations) may support such causal inferences. Regarding our
use of SRA as an alternative to science anxiety, we believe that
the availability of SRA alongside SLP levels within the expansive
PISA 2015 dataset, along with inclusion of both learning anxiety
and performative anxiety as part of the SRA construct [like
recently published science anxiety measures (Megreya et al., 2021)]
provide support for our approach. Notably, our research was
not intended to be globally comprehensive, but instead to verify
prior Taiwanese results showing an inverse U-shaped relationship
between test anxiety and academic performance (Sung et al., 2016)
and to conceivably extend their results to a science context as
well as to culturally near nations/entities. We chose not to test
for cultural invariance of the SRA measure, since our primary
emphasis in this research was to compare SRA responses to SLP
levels within nations/entities. Thus, we recognize (and honour)
the appropriate cautions of Rutkowski and Svetina (2014) and
Lafontaine et al. (2019) against direct cross-cultural comparisons
(unprotected by validation of cultural invariance). Finally, the
overall regional comparisons should be regarded as descriptive
(rather than conclusive) over concerns regarding both over- and
under-sampling and the likelihood of cultural variance in students’
SRA construct responses.

In conclusion, our Taiwanese results (both ANOVA and MLM)
support the Taiwanese results of Sung et al. (2016); both show an
inverse U-shaped relationship between measures of academically
related anxiety and academic performance. In addition, our work
extends their generalized academic results into a science-specific
context. Further, we present evidence that Japan and Korea, along
with the SEA region inclusive of these three nations, may also
include an inverse U-shaped relationship between students’ anxiety
and academic performance in a science context. These results seem
to indicate that follow-up research regarding interventions toward
mitigation of science-related anxiety among students showing
moderate science performance may prove fruitful. Meanwhile,
the negative linear relationship between SRA and SLP displayed
by most NWE nations in this study may instead support such
interventions among the lowest performing groups of students.
We believe that such interventions may need to be fine-tuned for
this differentiated suite of performance levels; that is, interventions
designed (and shown to be effective) toward ameliorating adverse
anxiety among intermediate science students may well differ from
those targeting lower performing science students.
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