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ABSTRACT

Sustainability literacy is increasingly recognized as a critical
competence for pre-service science teachers in addressing global
sustainability challenges. The availability of psychometrically robust
instruments in the Indonesian higher education context remains
limited. This study aims to validate a sustainability literacy instrument
within the cognitive domain using a Rasch dichotomous model to
evaluate reliability, validity, item-fit statistics, and unidimensionality.
The assessment instrument was designed to measure the extent of
sustainability literacy among pre-service science teachers. A cross-
sectional survey design was employed, involving 144 students from
universities in Riau, Indonesia. Participants completed a sustainability
literacy instrument comprising 30 multiple-choice items, developed
based on the Sulitest framework. Data were analyzed using the Rasch
measurement model with the assistance of Winsteps version 3.73
software, focusing on item fit indicators (Outfit MNSQ, ZSTD, and
PTMEA Cort.), reliability indices, and principal component analysis
of residuals. The results demonstrated that the instrument achieved
good internal consistency (« = 0.85), high item reliability (0.94), and
stable person reliability (0.84). Two items were identified as misfitting
and recommended for revision, while the remaining items met
acceptable MNSQ and PTMEA  criteria.  Furthermore,
unidimensionality was confirmed, indicating that the instrument
measures a single latent construct of cognitive sustainability literacy.
The validated instrument can be used by teacher education institutions
to diagnose pre-service teachers’ sustainability knowledge and to
inform curriculum improvement. Its distinctive contribution lies in
adapting an internationally recognized framework to the Indonesian
higher education context through Rasch-based validation.
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Sustainable development (SD) has become one of the most urgent global agendas of the

21st century, shaping the future of environmental, social, and economic systems worldwide
(Hariram et al., 2023). Despite substantial progress across societies, persistent challenges such as
poverty, biodiversity loss, and climate change remain unresolved, requiring innovative and
systemic responses (Vasiliev, 2021) . Addressing these issues demands new capacities among the
current generation, particularly in terms of sustainability literacy, which broadly encompasses
knowledge, skills, competencies, and awareness. Sustainability literacy reflects the knowledge base,
mindset, and skills that enable individuals to commit to building a sustainable future and to make
informed, effective decisions toward this goal (Saarna & Laius, 2025).

Higher education institutions play a pivotal role in advancing global sustainability by
fostering pro-environmental knowledge, attitudes, and behaviors. Sustainability literacy has
therefore become a core competency for younger generations, especially for pre-service science
teachers who are expected to transfer sustainability-related knowledge and skills to future learners
(Garcia-Gonzalez et al., 2020; Nousheen et al, 2024). Beyond environmental awareness,
sustainability literacy entails critical thinking, responsible decision-making, and the integration of
sustainability values into daily practice (Ekaputri et al., 2025). It is widely conceptualized as a key
learning outcome of formal education (Brundiers et al., 2021). Over the past decades, higher
education institutions have not only integrated sustainability into their curricula but also developed
standardized instruments such as the Assessment of Sustainability Knowledge (Zwickle & Jones,
2018), the Sustainability Attitude Scale (SAS) (Zwickle & Jones, 2018), and the Sulitest (Décamps
et al., 2017) to assess sustainability knowledge and attitudes.

In Indonesia, the validation of sustainability literacy instruments for pre-service teachers has
largely relied on classical test theory (CTT). Fildzah Sani (2025) and (Putri et al., 2025) employed
pearson correlation to assess validity and reliability among high school students, while Himmah et
al., (2025) applied the same approach in junior high schools. However, sustainability literacy
instruments specifically designed for pre-service science teachers remain limited, and existing tools
have not sufficiently addressed item-level diagnostics or construct validity in teacher education
contexts. Although widely used, CTT suffers from significant limitations, including sample
dependency and restricted diagnostic capacity. Reliability and validity parameters often vary across

populations, and CTT does not provide detailed insights into item-level performance, respondent
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ability, or structural validity such as unidimensionality (Bond et al., 2021; Markus & Borsboom,
2024). CTT is unable to identify item bias or to separate reliability estimates for items and
respondents (Sumintono & Widhiarso, 2015). These constraints undermine the accuracy of literacy
assessments and reduce the effectiveness of educational interventions for pre-service teachers.

To address these limitations, the rasch measurement model offers a more robust and
diagnostic alternative. Rooted in Item Response Theory (IRT), rasch analysis allows researchers to
evaluate the validity and reliability of instruments while ensuring interval-level scaling (Boone,
2016). It further provides tools for identifying misfitting items, analyzing person ability, and
assessing unidimensionality (Yu, 2020). Rasch analysis enables the development of instruments
that are both conceptually valid and empirically sound. In this study, Rasch analysis is used
primarily to strengthen measurement precision and construct validation, while broader
methodological reflections are reserved for the Discussion section.

Empirical evidence demonstrates that rasch analysis yields more accurate and meaningful
results compared to classical approaches. It detects biased items, offers clear guidance for revisions
(Miller, 2020; Prasetya & Pratama, 2023), and enhances measurement precision by aligning item
difficulty with respondent ability (Metsimuuronen, 2023). Susbiyanto et al. (2025) research utilized
the Rasch model to examine problem-solving skills, thereby allowing students to be systematically
classified according to their ability levels.In this study, ethnoscience is understood as the
integration of local and indigenous knowledge systems into science education, emphasizing
culturally grounded understandings of environmental interactions (Aikenhead & Ogawa, 2007,
Snively & Corsiglia, 2001). Ethnoscience is relevant to sustainability literacy because it
contextualizes global sustainability concepts within local socio-ecological practices, which are
reflected in several item contexts of the instrument.

Despite the growing emphasis on sustainability education, no prior study has developed and
validated a Rasch-based sustainability literacy knowledge instrument specifically for pre-service
science teachers in the Riau context. This study addresses this gap by adapting the Sulitest cognitive
framework and embedding ethnoscience perspectives into item design, followed by rigorous
Rasch-based validation. The scope includes examining item fit, unidimensionality, and both item
and person reliability. The findings are expected to inform future research and educational practice,
supporting the achievement of the Sustainable Development Goals (SDGs) through strengthening

the quality of pre-service science teachers. Based on this rationale, the objective of the study is to
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validate a cognitive-domain sustainability literacy instrument for pre-service science teachers in
Indonesia using Rasch analysis
CBREZROEEED:
Research design

This study employed a cross-sectional survey design, focusing on the collection of
information from participants through a structured questionnaire. Data collection was conducted
in an offline classroom setting during regular lecture hours at participating universities in Riau
Province. The test administration lasted approximately 50 minutes and was supervised by the
researchers. Prior to testing, participants received standardized instructions regarding the purpose
of the study and how to complete the instrument. Ethical approval for this study was obtained
from the institutional research ethics committee of the authors’ affiliated university. Participation
was voluntary, and all students provided informed consent prior to data collection. Participants
were informed that their responses would be used solely for research purposes, anonymity would
be maintained, and withdrawal was possible at any time without academic consequences.
Instruments

The instrument used in this study measured sustainability literacy within the cognitive
domain, following the framework proposed by Décamps et al. (2017). It consisted of four main
constructs: (1) Sustainable humanity and ecosystems on planet Earth, (2) Global and local human-
constructed systems to answer people’s needs, (3) Transitions towards sustainability, and (4) Roles
to play to create and maintain individual and systemic changes. The instrument comprised 30
multiple-choice items, each with four response options. Items were scored dichotomously (1 =
correct, 0 = incorrect) and analyzed using the Rasch dichotomous model. Content validity was
established through expert judgment involving three experts in science education and
sustainability. The review process was conducted in two rounds, focusing on conceptual relevance,
clarity of wording, and alignment with indicators. Experts provided qualitative feedback, which
resulted in minor revisions to item phrasing and contextual clarity. No items were removed at this
stage. A pilot test was subsequently conducted to ensure readability and comprehensibility. Table
1 summarizes the indicators and sub-indicators used to measure cognitive aspects of sustainability

literacy.
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Tabel 1. Indicator of sustainability literacy

Indicator Sub-Indicator Item
Sustainable humanity and ecosystems on Ecosystem 7
planet Earth Humanity 2
Sustainability concepts 2
Global and local human-constructed Social structure and governance 3
systems to answer people's needs Education and culture 2
Water issues 4
Transitions towards sustainability Acceleration of system change 2
Implementation of sustainability-based concepts, 2
instruments, and frameworks
Examples and ideas to learn from 2
Roles to play to create and maintain Awareness of contribution and impact 2
individual & systemic changes Ways to act effectively and efficiently 2

Participants

The participants were 144 pre-service science teachers enrolled in science education
programs at higher education institutions in Riau Province, Indonesia. Inclusion criteria were
active enrollment in a science education program and completion of at least four semesters of
study. Quota sampling was applied to ensure proportional representation across universities and
academic semesters. The sample size was considered adequate for Rasch analysis. Table 2 presents
the demographic characteristics of the participants. The sample consisted of 22 males (15%) and
122 females (85%), with 58 students in the fourth semester (40%) and 86 students in the sixth
semester (60%). In terms of institutional distribution, 118 students were from UIN Sultan Syarif
Kasim Riau (82%), while 26 students were from Universitas Muhammadiyah Riau (18%).
Data analysis

The data collected from student responses were first tabulated in Microsoft Excel, coded,
and then converted into.prn format for analysis using WINSTEPS version 3.73, a software package
for Rasch measurement modeling. The Rasch dichotomous model was applied for right—wrong
item responses (Ilhami et al., 2025). In this study, validity was conceptualized through item fit
statistics and unidimensionality analysis. Person misfit was examined using Outfit MNSQ and
ZSTD criteria; no respondents were removed, as all met acceptable thresholds. Analytical
parameters were employed to evaluate the quality of the instrument: validity, reliability,
unidimensionality, item fit analysis, person fit, separation index, and Wright Map.

Item fit analysis was conducted using three indices: Outfit Mean Square (MNSQ), Outfit Z-
Standard (ZSTD), and Point-Measure Correlation (PTMEA Cort.). An item was retained if it met

at least one of the three criteria, while items that failed two or more criteria were recommended
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for removal or revision. The cut-off values for item fit were: MNSQ between 0.5 and 1.5, ZSTD
between -2.0 and +2.0, and PTMEA Corr. between 0.40 and 0.85 (Bond et al., 2021).

Instrument reliability was evaluated using item reliability, person reliability, and Cronbach’s
alpha. The criteria for interpretation followed (Sumintono & Widhiarso, 2015), where reliability
values below 0.67 were categorized as weak, 0.67-0.80 as sufficient, 0.80-0.90 as good, 0.91-0.94
as very good, and above 0.94 as excellent. These parameters were employed to ensure that the
instrument consistently measured sustainability literacy across different respondent profiles and
item distributions.

CDREZRCEREOe |

The analysis of students’ sustainability literacy in the cognitive domain was conducted using
the Rasch measurement model to obtain both technical and substantive information about
instrument performance. The results of the analysis addressed five main aspects: (a) item fit based
on Mean Square (MNSQ), Z-Standard (ZSTD), and Point-Measure Correlation (PTMEA Corr.);
(b) unidimensionality; (c) item reliability; (d) person reliability; and (e) person ability distribution
visualized through the Wright Map. The statistical outcomes for MNSQ, ZSTD, and PTMEA
Cortr. are summarized in Table 5.

Item Fit

Item fit analysis was performed to ensure that each item functioned appropriately in
measuring the intended construct and did not cause confusion or misinterpretation among
respondents. The criteria used included Outfit Mean Square (MNSQ), Outfit Z-Standard (ZSTD),
and Point-Measure Correlation (PTMEA Corr.). An item was considered acceptable if at least one
of these criteria was met (Sumintono & Widhiarso, 2015). Beyond statistical fit, substantive
interpretation was also considered to support meaningful instrument refinement

Table 5. Item fit
No MNSQ ZSTD PTMEASUR-AL Item

5 1.96 4.78 -0.06 A5
26 1.84 2.88 -0.08 Co
20 1.44 2.01 0.33 B9
16 1.2 1.2 0.27 B5
12 1.16 1.15 0.44 B1

6 1.05 0.44 0.38 A6

8 1.1 0.77 0.44 A8
21 0.99 -0.01 0.42 C1
2 1.03 0.27 0.41 A2
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No MNSQ ZSTD PTMEASUR-AL Item

4 0.96 -0.23 0.44 A4
7 0.92 -0.57 0.45 A7
9 0.86 -0.48 0.4 A9
30 0.89 -0.79 0.46 D4
3 0.94 -0.12 0.41 A3
10 0.9 -0.76 0.5 A10
13 0.84 -1.24 0.51 B2
15 0.87 -1.04 0.51 B4
17 0.82 -0.74 0.45 B6
22 0.79 -1.44 0.51 C2
1 0.77 -1.02 0.48 Al
18 0.8 -1.31 0.52 B7
24 0.85 -1.13 0.54 C4
28 0.76 -1.12 0.49 D2
27 0.8 -1.15 0.52 D1
19 0.83 -1.37 0.55 B8
29 0.73 -1.89 0.55 D3
14 0.65 -1.61 0.53 B3
23 0.79 -1.43 0.57 C3
25 0.68 -1.69 0.01 C5
11 0.55 -1.01 0.49 All

Table 5 shows that most items demonstrated acceptable fit within the expected ranges:
MNSQ values between 0.5 and 1.5, ZSTD between -2.0 and +2.0, and PTMEA Corr. between
0.40 and 0.85 (Boone, 2016). Only two items (Items 5 and 26) did not meet the fit requirements
across multiple criteria and should therefore be revised. Items 20 and 16, although not meeting
ZSTD thresholds, were retained because they still satisfied the MNSQ criterion. These findings
confirm that the majority of items contributed meaningfully to the measurement of the intended
construct.

Instrument reliability

Reliability testing was conducted to verify the consistency and stability of the instrument in
differentiating both items and respondents along the sustainability literacy continuum. Within
Rasch modeling, reliability is assessed through three indicators: person reliability, item reliability,

and Cronbach’s alpha (Sumintono & Widhiarso, 2015).

- Libansi, A., et al. — Validity and Reliability of the Sustainability Literacy Knowledge ...



Al-Jahiz: Journal of Biology Education Research
ISSN 2722-5070 (Print) ISSN 2722-5275 (Online)

Vol. 7 No. 1 January-June 2026

L4 4\ Available online at:
Jourmal of Biology Ddecatian Research [AIN Metro http:/ /e-journal.metrouniv.ac.id/index.php/Al-Jahiz

Table 6. Validity and reliability measurement

Measurement Score

Pearson Measurement

Person reliability 0.84

Separation 2,27

MNSQ 0,96

ZSTD 0,06
Item Measurument

Item reliability 0.94

separation 4,09
Cronbach alpha 0,85

As presented in Table 6, the instrument demonstrated excellent reliability indices. Item
reliability reached 0.94 with a separation index of 4.09, indicating a highly stable scale capable of
distinguishing items across a wide spectrum of difficulty levels. Person reliability was reported at
0.84 with a separation index of 2.27, suggesting that the instrument was capable of distinguishing
participants into at least two to three distinct ability levels. Cronbach’s alpha reached 0.85,
confirming high internal consistency between items and respondents.

Person ability

The Wright Map (Figure 1) generated through Rasch analysis provides a comprehensive
visualization of the interaction between item difficulty and person ability in the context of
sustainability literacy assessment. On the left-hand side of the map, the distribution of respondents
is presented according to their estimated ability levels, while on the right-hand side, the relative
difficulty of items is displayed. This representation allows for an immediate comparison of whether
the test items align appropriately with the range of student abilities, ensuring that the instrument

is both challenging and fair across different levels of competence.
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Figure 1. Wright map analysis of students’ sustainability literacy

The Wright Map results indicate that student ability ranged from approximately -2.0 to +3.0

logits, while item difficulty spanned a comparable range. No strong floor or ceiling effects were

observed, as most students clustered around the mid-range of ability with items available to

differentiate higher- and lower-performing respondents. A brief inspection suggested similar

ability distributions across semesters and institutions, although subgroup comparisons were not

formally tested.

The instrument functions well in differentiating levels of sustainability literacy among pre-

service science teachers. Most students clustered around the mid-range of ability, indicating that

the test was appropriately targeted for the sample. A few items were positioned at higher levels of
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difficulty, such as C6, which suggests that these questions were particularly challenging and
therefore useful for identifying students with stronger sustainability literacy. Certain items, such as
Al1, appeared at the lower end of the difficulty scale, meaning that they were relatively easy and
accessible to students with lower ability levels. This spread of item difficulty is advantageous
because it allows the instrument to discriminate effectively across a wide spectrum of respondent
abilities.
Unidimensionality

Unidimensionality analysis was conducted to confirm whether the instrument measured a
single latent construct using principal component analysis (PCA) of residuals. It was employed,
with two criteria used as benchmarks: (a) raw variance explained by the measures should exceed
20%, and (b) unexplained variance in the first contrast should not exceed 15% (Sumintono &
Widhiarso, 2015).

Table 7. Unidimensionality measurement

Measurement Score

Raw variance 27.5%

Unexplained variance 11st contrast ~ 6.1%

The results (Table 7) showed that the raw variance explained by the measures was 27.5%,
surpassing the minimum threshold, while the unexplained variance in the first contrast was 6.1%,
well below the 15% limit. These outcomes confirm that the instrument is unidimensional, meaning
that all items coherently measure the cognitive domain of sustainability literacy.
peeoeseoN |

This study aimed to validate a sustainability literacy instrument in the cognitive domain for
pre-service science teachers in Indonesia using the Rasch measurement model. The findings
revealed that the instrument fulfilled the essential assumptions of Rasch analysis, including item
fit, reliability, and unidimensionality, thereby providing strong evidence of its wvalidity and
reliability. The item fit analysis indicated that the majority of the items were within the acceptable
range for Outfit Mean Square (MNSQ), Z-Standard (ZSTD), and Point-Measure Correlation
(PTMEA Corr.), with only two items requiring revision. Rasch analysis has been widely
acknowledged for its ability to identify misfitting items and to ensure that each item contributes
meaningfully to the undetlying construct being measured (Boone, 2016; Miller, 2020). The
identification of such items should not be viewed as a weakness but rather as evidence of the

diagnostic power of Rasch analysis, which allows researchers to refine instruments and improve
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construct validity. This aligns with the view of Sumintono and Widhiarso (2015), who argued that
Rasch analysis goes beyond psychometric evaluation and serves as a guide for enhancing the overall
quality of measurement tools. The rasch model emphasizes construct validity by ensuring that each
item contributes consistently to the latent trait being measured. Item fit provides evidence of how
consistently respondents’ patterns of responses align with expected measurement outcomes.
Identifying misfitting items at this stage is crucial, as it allows researchers to refine instruments and
prevent measurement errors in subsequent applications (Muller, 2020).

The reliability indices obtained in this study further affirm the robustness of the instrument.
Item reliability was found to be 0.94, categorized as very high, while person reliability was reported
at 0.84, indicating consistent responses among participants. These findings are in line with previous
studies that employed rasch analysis for evaluating educational instruments and similarly reported
high reliability levels (Prasetya & Pratama, 2023; Metsimuuronen, 2023). The Cronbach’s alpha of
0.85 provides further support for internal consistency. As Bond et al. (2021) highlighted, reliability
values above 0.80 signify measurement stability and minimize the risk of error, thereby enhancing
the interpretability and trustworthiness of the results.

One of the most significant contributions of this study lies in its confirmation of the
instrument’s unidimensionality. The Principal Component Analysis (PCA) of residuals
demonstrated that the variance explained by measures reached 27.5%, surpassing the minimum
threshold of 20%, while the unexplained variance in the first contrast was only 6.1%, far below
the 15% benchmark. These findings confirm that the instrument is unidimensional, meaning that
all items coherently measure the same latent construct. Bond et al. (2021) noted that
unidimensionality is often assumed but rarely tested empirically in social science research, which
can weaken the credibility of findings. By empirically validating this assumption, the present study
provides strong methodological legitimacy and enhances the credibility of the instrument for
assessing sustainability literacy. In social science research, unidimensionality is often assumed
rather than tested; however, in new contexts such as sustainability education, empirical verification
is essential to ensure validity and precision (Bond et al., 2021).

The development of valid and reliable instruments for measuring sustainability literacy is of
critical importance. Sustainability education has been recognized as a key driver in addressing
global challenges such as climate change, biodiversity loss, and social inequality (Hariram et al.,

2023; Vasiliev, 2021). Garcia-Gonzalez et al. (2020) and Nousheen et al. (2024) emphasize that
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pre-service teachers play a crucial role in embedding sustainability values and knowledge into
formal education systems. The validated instrument in this study represents an important
contribution for higher education institutions, as it provides a reliable tool to assess and monitor
the cognitive dimension of sustainability literacy among pre-service science teachers.

The findings of this research are also relevant in the broader debate between classical test
theory (CTT) and modern approaches such as Rasch. Previous studies in Indonesia have
predominantly used CTT methods, particularly Pearson correlation, to validate sustainability
literacy instruments (Fildzah, 2025; Putri et al., 2025; Himmah et al., 2025). However, CTT is
limited by its dependence on sample characteristics and its inability to provide detailed diagnostic
information about item quality and respondent ability (Markus & Borsboom, 2024). In contrast,
Rasch analysis allows for interval scaling, separate evaluation of item and person reliability, and the
detection of item bias (Yu, 2020; Sumintono & Widhiarso, 2015). This study thus provides
empirical support for the superiority of Rasch analysis in validating sustainability literacy
instruments.

The ability of the instrument to differentiate levels of respondent ability, as demonstrated
by the person reliability and Wright Map, offers substantial value for educational practice. By
identifying students with different levels of sustainability literacy, educators can design targeted
interventions to address specific gaps in knowledge and competencies. Saarna and Laius (2025)
argued that sustainability literacy encompasses not only knowledge but also attitudes and
competencies that enable individuals to make responsible decisions. Instruments capable of
accurately differentiating these competencies are essential for improving the quality of
sustainability education.

The presence of misfitting items (Items 5 and 26) in this study indicates the need for
refinement. While the overall instrument demonstrated strong reliability and validity, the existence
of such items suggests that revisions are necessary to further optimize measurement quality. Miiller
(2020) and Prasetya & Pratama (2023) emphasized the importance of iterative refinement in
instrument development to achieve precision and accuracy. Accordingly, revising these items will
strengthen the robustness of the instrument and ensure that it continues to provide valid
assessments across diverse populations of pre-service teachers.

Beyond methodological contributions, the validation of this sustainability literacy instrument

carries broader implications for educational practice and policy. At the institutional level,

- Libami, A., et al. — Validity and Reliability of the Sustainability Literacy Knowledge ...



Al-Jahiz: Journal of Biology Education Research
ISSN 2722-5070 (Print) ISSN 2722-5275 (Online)

Vol. 7 No. 1 January-June 2026

Available online at:

http:/ /e-journal.metrouniv.ac.id/index.php/Al-Jahiz

Jowraal of Beology Educatson Research IAIN Metre

universities can employ the instrument as a diagnostic tool to evaluate the cognitive dimension of
sustainability literacy among pre-service science teachers. By identifying strengths and weaknesses
in students’ knowledge, educators can design targeted interventions to foster critical thinking,
responsible decision-making, and the integration of sustainability principles into professional
practice. This aligns with Brundiers et al. (2021), who highlighted the need for competency-based
frameworks that not only impart sustainability knowledge but also prepare learners to act
effectively in addressing global challenges. From a pedagogical perspective, the validated
instrument supports curriculum development and instructional design. Garcia-Gonzalez et al.
(2020) emphasized that sustainability education should go beyond awareness and aim to develop
higher-order competencies such as problem solving and systems thinking. The instrument
validated in this study provides reliable feedback for curriculum designers to evaluate the extent to
which these competencies are being achieved while enabling continuous monitoring of students’
progress. At the policy level, the findings suggest that validated instruments should be integrated
into national education quality assurance systems. Policymakers and accreditation bodies can adopt
such tools to evaluate whether teacher education programs align with national commitments to
the Sustainable Development Goals (SDGs), particularly SDG 4 on quality education and SDG
13 on climate action. As Saarna and Laius (2025) argued, reliable assessments of sustainability
literacy are essential for ensuring that education systems contribute meaningfully to national and
global sustainability agendas.
| coweteson |
This study confirms that the sustainability literacy instrument satisfies key Rasch
measurement assumptions, as evidenced by acceptable item fit, high reliability, and confirmed
unidimensionality. Item reliability (0.94) and person reliability (0.84) indicate that the instrument
consistently differentiates item difficulty and respondent ability, while the variance explained by
the measures (27.5%) supports internal construct validity. Only two items were identified as
misfitting and require minor revision. Beyond its psychometric strength, this study offers a clear
practical contribution. The validated instrument can be used by teacher education institutions to
assess and monitor pre-service science teachers’ sustainability knowledge, diagnose learning needs,
and inform curriculum improvement, particularly within sustainability-oriented science education
programs. From a policy and practice perspective, the instrument supports efforts to align teacher

education with sustainability competencies and national commitments to the Sustainable
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Development Goals, especially SDG 4 (quality education). Future research should extend
validation to broader geographic contexts, incorporate affective and behavioral dimensions of
sustainability literacy, and employ longitudinal designs to examine changes in sustainability

competencies over time.
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