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A B S T R A C T

In recent years, empirical research has focused on the assessment of Key Sustainability Competences (KSCs) of 
university students. This study explored the methodologies, methods, and instruments used to measure the KSCs 
of university students. We identified the most efficient methodologies, methods, and instruments by investigating 
their strengths and weaknesses. We conducted a systematic literature review to analyze the methodologies, 
methods, and instruments used for assessing the KSCs of university students. A total of 37 reports, published from 
2013 to 2026, were reviewed. The study employed the PRISMA-ScR (Preferred Reporting Items for Systematic 
Reviews and Meta-Analyses) methodology to ensure rigor and transparency. Psychometric properties were 
assessed according to COSMIN criteria, and the certainty of the evidence was evaluated using the GRADE 
approach. The review revealed a broad range of methodologies, methods, and instruments applied for the 
assessment of KSCs of university students. Quantitative methodologies are favored in comparison to qualitative 
or mixed-method ones. Scaled instruments are often used for summative assessment purposes. Triangulation of 
methods is recommended for robust assessments. However, researchers seldom report the psychometric prop
erties of the instruments employed; when such information was provided, it was typically supported by high- 
certainty evidence. The findings have implications for research in KSCs assessment.

1. Introduction

Growing global challenges such as climate change, limited resources, 
social inequality, and financial crises highlight an immediate need for 
change in how societies operate and how humans interact with the 
environment. Education for Sustainable Development (ESD) has 
emerged as a transformative pedagogical approach aiming to equip 
students with the knowledge, skills, values, and attitudes to address 
challenging issues towards a more sustainable future (UNESCO, 2018). 
HEIs have been charged with developing Key Sustainability Compe
tences (KSCs) essential for promoting sustainability, thereby empower
ing students to contribute to a more sustainable future in both personal 
and professional contexts (Tójar-Hurtado et al., 2024).

HESD research has begun exploring how to enhance university ESD 
teaching. Robust assessment of teaching and learning in HESD is 
necessary for evaluating the effectiveness of academic programs 
(Redman et al., 2021; Valderrama-Hernández et al., 2020, 2025). HESD 
literature has recently addressed the assessment of students’ learning 
outcomes, i.e., their KSCs (ndez et al., 2020, 2025). While experts 

largely agree on the KSCs that higher education should foster (e.g., 
Hammer & Lewis, 2023; [(authors, under review)], empirical data are 
notably limited regarding the validity of this conceptual framework 
among university students (Hammer & Lewis, 2023). Therefore, Annelin 
and Boström (2022) call for the development of assessment instruments 
that can evaluate the KSCs of university students. Academic teachers 
could examine students’ KSCs at the beginning and the end of a course or 
academic program to evaluate their progress. They could then rearrange 
ESD teaching accordingly.

However, there is some ambiguity regarding how KSCs can be 
assessed (Redman et al., 2021). While there has been some progress in 
creating assessment instruments to measure the KSCs of HEI students (e. 
g., see the reviews of Annelin & Boström, 2022; Redman et al., 2021), 
further work is required to make them efficient. This expanding body of 
research necessitates a systematic literature review that explores current 
assessment methodologies, methods, and instruments to guide re
searchers’ choices.

This study distinguishes among research methodologies, methods, 
and instruments used to assess KSCs. Ontological and epistemological 
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assumptions inform the selection of quantitative, qualitative, or mixed- 
method methodologies (Coe et al., 2025; Teddlie & Tashakkori , 1998). 
As the backbone of a study, methodology determines what evidence 
should be collected to assess students’ KSCs. Learning outcomes, in
struction and assessment tasks should be aligned to support valid in
ferences about learning (Biggs, 1996). This particularly important for 
KSCs since the KSCs are conceptualize as integrated and 
context-dependent and thus, the selected methods and instruments 
should elicit appropriate evidence. In this regard, for instance, within a 
qualitative methodology, interviews might be selected as the method for 
generating data. To implement this method, an instrument such as a 
semi-structured interview guide is used to collect responses. Similarly, 
within a quantitative methodology, surveys may be used as the method, 
requiring a questionnaire as the instrument for gathering standardized 
data. These distinctions clarify the relationship between the overarching 
research philosophy (methodology), the procedures used to collect and 
analyze data (methods), and the specific tools used in practice (in
struments). Previous HESD assessment research has identified confla
tions the KSCs constructs and the instruments used to measure them. 
Redman et al. (2021) suggesting typologies that distinguish 
self-perception, observation-based, and test-based methodologies to 
emphasize the need for theoretically and methodologically justified 
methodologies, methods, and instruments.

We conducted a Systematic Literature Review (SLR) to investigate 
recent literature on assessment methodologies, methods, and in
struments that measure the KSCs of university undergraduates. SLRs 
synthesize study findings transparently, systematically, and compre
hensively (Bearman et al., 2012). This approach enables us to include 
not only well-known studies but also a broader array of literature 
through a structured procedure (Bearman et al., 2012). Furthermore, 
SLRs help reveal potential gaps in previous literature that may inform 
future research and policies.

HESD scholars agree that measuring HEI students’ KSCs presents a 
highly intricate challenge (Redman et al., 2021; Ssossé et al., 2021; 
Valderrama-Hernández et al., 2020, 2025). We explore the methodolo
gies, methods, and instruments used by HESD researchers to assess 
university students’ KSCs. We specifically focus on university students, 
as different KSCs are expected for students at the undergraduate or 
postgraduate level (Arene, 2022; Wiek et al., 2016). We examine their 
strengths, limitations and their psychometric properties to eventually 
decide on the most effective methodologies, methods, and instruments 
for our target population. In this regard, we set the following research 
questions for our review: 

1. What are the methodologies, methods, and instruments used in 
HESD research to assess KSCs of university students?

2. What are the reported strengths and weaknesses of the various KSCs 
assessment methodologies, methods, and instruments?

3. To what extent do HESD studies report on psychometric properties (i. 
e., validity and reliability) of the KSCs instruments they employ?

In what follows, we first put forward our theoretical background on 
(a) what KSCs entail for university students, and (b) what assessment 
means in HEI context. We then set forth details on the methodology 
adopted for the SLR, report our findings, and finally, discuss possible 
implications for HESD teaching, research, and policymaking.

2. Theoretical background

2.1. Key sustainability competences in higher education

Key Sustainability Competences (KSCs) are necessary capabilities 
that help individuals enjoy balanced lives while striving for a better 
tomorrow for all (Gora et al., 2019). University students are anticipated 
to cultivate competencies for critically examining modern human 
values, behaviors, and policies, and to modify them to successfully deal 

with sustainable development (SD) challenges (Dlouhá et al., 2019).
KSCs for university students, as defined by de Kraker et al. (2007), 

are the results of synergies among knowledge, skills, and attitudes that 
empower students to facilitate sustainability transitions. Glasser (2016)
further defines KSCs as a complete, non-overlapping array of compe
tencies vital for changing societal systems to improve collective 
well-being. Brundiers et al. (2021) define a KSC as: “a distinctive and 
multifunctional competence, which is composed of several sustainability 
competences that functionally relate to each other. It facilitates achieving 
successful performance and a positive outcome that progresses sustainability 
(given what is known, valued, and aspired at a given moment in time), while 
working on specific sustainability challenges and opportunities in a range of1 
contexts” (p. 17).

Recent literature in the field of Higher Education for Sustainable 
Development emphasizes the Sustainability and Problem-Solving 
framework as a comprehensive set of KSCs of university students. This 
f\ramework has been endorsed by HESD scholars (Bianchi et al., 2022; 
Michel et al., 2024) and it is apt for operationalization across multiple 
research methodologies (i.e., quantitative, qualitative, and 
mixed-methods) [(authors, under review)]. It co1nsists of nine KSCs that 
HEIs should equip their students with (e.g., Brundiers et al., 2021; 
Redman et al., 2021; Wiek et al., 2011, 2016). Key Sustainability 
Competences encompass: 

1. Systems-thinking competence: The ability to analyze intricate socio- 
ecological systems through time and space, accounting for systemic 
features such as impacts, feedback loops, and inertia.

2. Anticipatory competence: The ability to assess multiple possible fu
tures, articulate visions for what lies ahead, assume responsibility for 
future generations, evaluate the consequences of actions, and 
manage potential risks or challenges.

3. Normative competence: The ability to discern the values and norms 
that shape individual or group behavior, to critically reflect on them, 
and to negotiate consensus or compromises amidst opposing 
interests.

4. Strategic competence: The ability to discern the underlying causes of 
unsustainability and to collectively design and execute novel trans
formative interventions at both global and local levels that foster 
sustainability.

5. Interpersonal competence: The ability to leverage others' knowledge 
and experience, recognize and respect their needs and viewpoints, 
effectively settle conflicts within groups or societies, and facilitate 
involvement to address SD issues.

6. Intrapersonal competence: The ability to self-regulate, motivate, and 
continually enhance oneself through competencies derived from 
emotional intelligence and social-emotional learning, with an 
awareness of one's own emotions, thoughts, and behaviors.

7. Transdisciplinary competence: The ability to address SD issues by 
efficiently applying trandsdisciplinary knowledge and methodolo
gies within social contexts in a meaningful manner.

8. Meta-competence or Integrated problem-solving competence: The ability 
to recognize the necessity of integrating the aforementioned com
petencies and applying them into practice to address SD challenges.

9. Implementation competence: The ability to act decisively to achieve a 
focused strategy for addressing SD issues, informed by a well-defined 
future vision, while monitoring and evaluating outcomes and making 
necessary adjustments through iterative cycles of planning, execu
tion, and assessment.

2.2. Assessment of key sustainability competences (KSCs) of University 
students

Establishing transparent assessment methodologies, methods, and 
instruments for sustainability competencies is essential for educators, 
scholars, program leaders, curriculum developers, and policymakers to 
plan, implement, and assess the effectiveness of Education for 
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Sustainable Development (ESD) pedagogies and educational programs 
aimed at promoting sustainability learning among students (Annelin & 
Boström, 2022; Redman et al., 2021). Assessment in education is the 
systematic collection of evidence through various techniques to observe 
student behaviour, make evaluations, and ascertain student knowledge, 
performance, and outcomes (Black & Wiliam, 1998). Researchers in 
educational science have criticized traditional assessment methods as 
insufficient for evaluating multidimensional and performance-based 
competencies (Frey et al., 2009).

In competence-based education, assessment serves two primary 
functions: formative assessment, which is administered throughout the 
learning process to offer continuous feedback to both students and 
teachers; and summative assessment, which takes place towards the end 
of a course to evaluate learners' outcomes, typically resulting in a grade 
or score (Black & Wiliam, 1998). Summative assessment instruments 
typically include tests, essays, portfolios, projects, presentations, or re
ports that evaluate learning following a given instructional period. 
Summative assessment facilitates standardization and its application 
across diverse student cohorts and at different time scales, enabling the 
aggregation of data at individual, group, program, school, and system 
levels (Erlinger, 2018). Formative assessment instruments include ob
servations, classroom dialogues, written assignments, as well as 
self-evaluation and peer-assessment, all aimed at regulating student 
learning and the instructional process (Erlinger, 2018). Formative 
assessment directs the learning process, fostering student ownership and 
facilitating active engagement in self-assessment and peer evaluation 
(Looney, 2011). A challenge remains in the design and implementation 
of effective competence assessment instruments, encompassing both 
formative and summative assessments (Redman et al., 2021).

3. Methodology

3.1. Data collection

We conducted a systematic literature review to examine methodol
ogies, methods, and instruments used in HESD research to measure Key 

Sustainability Competences of university students. The PRISMA meth
odology (Preferred Reporting Items for Systematic Reviews and Meta- 
Analyses methodology (PRISMA), a widely recognized framework for 
conducting systematic literature reviews, was applied. Our review fol
lowed three stages, according to the PRISMA standards: (a) Identifica
tion, (b) Screening, and (c) Eligibility (Fig. 1).

The identification process involved a series of steps to select relevant 
reports. In this context, reports are papers or electronic documents that 
provide information on a specific topic (Page et al., 2021). The identi
fication process was conducted in July 2025. To identify reports to 
include in the review, we searched electronic databases such as Scopus, 
Web of Science, Education Research Complete (via EBSCO), Science
Direct, and Google Scholar. In each database, we applied a compre
hensive combination of keywords using Boolean operators in the search 
string: (“higher education” OR “universit*” OR “tertiary education” OR 
“college”) AND (“education for sustainability” OR “education for sus
tainable development” OR “sustainability education” OR “environ
mental and sustainability education”) AND (“sustainability 
competenc*” OR “key sustainability competenc*” OR “competenc*”) 
AND ("assessment" OR "evaluation" OR "effectiveness" OR "measure
ment"). This search yielded an initial pool of 244 reports. After deleting 
duplicates, we had 213 unique reports for review.

To confirm that the retrieved reports met our inclusion criteria, we 
screened the titles, abstracts, author-designated keywords, or the full 
text of each report. In addition to our initial search, we employed a 
snowballing strategy by examining the references cited in eligible re
ports (Wohlin et al., 2012). We checked these additional reports 
following the same procedure. The authors separately undertook the 
screening process for the selected reports. Any discrepancies were 
resolved through discussion among the authors.

Aligned with the focus of our study, we established specific inclusion 
criteria. This review elaborates on methodologies, methods, and in
struments used to measure KSCs of university students across all disci
plines. We included reports that focus on both one KSC alone and more 
than one. Furthermore, we excluded reports focusing on the sustain
ability competences of school students, poststudents, academic staff, or 

Reports identified from: 
Databases (n= 244) 
1. Scopus (n= 161) 
2. Web of Science (n= 32) 
3. EBSCO (n= 1) 
4. Science Direct (n= 19) 
5. Google Scholar (n= 31) 

Reports removed before 
screening: 

Duplicate records removed  
(n= 31) 

Reports screened  
(n= 213) 

Reports excluded (by screening 
title) 
(n= 82) 

Reports sought for retrieval & 
assessed for eligibility  
(n= 131) 

Reports excluded: 
(a) Illegible population (other than 

bachelor students) (n= 40) 
(b) Focus on teachers’ ESD 

professional competences (n= 
52) 

(c) Curricular assessment (n= 4) 

Studies included in review 
(n= 37) 
Reports of included studies 
(n= 37) 

Identification of studies via databases and registers 
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Reports identified from: 
Citation searching by 
screening references (n=48) 

Reports assessed for eligibility 
(n= 39) 

Reports excluded: 
(a) Illegible population (other 

than bachelor students)         
(n =19) 

(b) Focus on teachers’ ESD 
professional competences 
(n=18) 

Identification of reports via other methods

Reports removed before 
screening: 
Duplicate records removed  (n
=9) 

Fig. 1. PRISMA 2020 Flow Diagram for Literature Reviews (Page et al., 2021). From: Page MJ, McKenzie JE, Bossuyt PM, Boutron I, Hoffmann TC, Mulrow CD, et al. 
The PRISMA 2020 statement: an updated guideline for reporting systematic reviews. BMJ 2021;372:n71. doi: 10.1136/bmj.n71. For more information, visit: htt 
p://www.prisma-statement.org/.
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professionals. Reports on curriculum assessments were also not included 
in this review. Reports addressing teachers’ professional sustainability 
competences, that is, their skills to teach ESD, were also excluded. All 
retrieved reports, regardless of publication year needed to be fully 
accessible and written in English. Finally, we included 37 reports for 
analysis in this review.

The reports chosen for this SLR are journal articles (n = 35) or book 
chapters (n = 2). The final pool of studies comprises 5 literature reviews 
and 32 empirical papers. These reports were published between 2013 
and 2026 (Fig. 2). Table S1 in the Supplementary Material lists the re
ports. Then, we used critical appraisal tools to assess the quality of the 
selected reports. Specifically, we utilized the Mixed Methods Appraisal 
Tool (MMAT) (Hong et al., 2018) for studies employing qualitative, 
quantitative, or mixed methods designs, and the CASP Systematic Re
view Checklist for systematic literature reviews (Critical Appraisal Skills 
Programme Systematic Review Checklist, 2023). The retrieved reports 
demonstrated moderate to high quality and were therefore accepted for 
analysis. Tables S2 & S3 in the Supplementary Material present the 
outcomes of the critical appraisal in detail. The screening process for the 
selected reports was carried out independently by each author, with 
discrepancies resolved through discussion. Using this method also helps 
to reduce the risk of bias in the included studies. We found that none of 
the included systematic reviews employed critical appraisal tools to 
evaluate the risk of bias of the primary studies they reviewed (Annelin & 
Boström, 2022; Cebrian & Segalas, & Hernandez, 2019; Redman et al., 
2021; Segalàs & Hernández, 2019; Ssossé et al., 2021), diminishing their 
trustworthiness. Moreover, several reviews did not clearly articulate 
their research questions (Albareda-Tiana et al., 2024; Galt et al., 2013; 
Xiao et al., 2024). Without explicit research questions, it is difficult to 
assess the alignment between aims, methods, and outcomes, which in
creases the risk of misinterpretation and reduces confidence in the 
synthesized evidence.

3.2. Analytical approach

The authors have separately extracted the data from the included 
reports. They cross-checked their extractions and any discrepancies 
were resolved through discussion among the authors. To address 
research questions RQ1 and RQ2, we meticulously analyzed their con
tent of the selected reports by utilizing spreadsheets. The data were 
thematically categorized and then synthesized to extract meaningful 
interpretations (Thompson, 2022). To answer RQ3, we evaluated the 
studies by taking three essential steps: a) appraising the methodological 
quality of the reports, b) analysing the outcomes of each study in rela
tion to the criteria for good measurement properties, and c) verifying the 
overall strength of the evidence.

Methodological quality appraisal. We evaluated the methodological 

quality of each of the included studies by utilising the COSMIN Risk of 
Bias Checklist (Mokkink et al., 2024). The COSMIN Risk of Bias Checklist 
assesses dimensions of outcome measure development and validation: 
reliability (internal consistency, inter/intra-rater reliability, test- retest 
reliability, measurement error), validity (content validity, criterion 
validity, construct validity-including structural validity and 
cross-cultural validity/measurement invariance-, responsiveness). Each 
psychometric property received a score on a 4-point scale: very good (V), 
adequate (A), doubtful (D), and inadequate (I). The total risk of bias rating 
for each psychometric property was established by the lowest rating 
among its items.

Psychometric properties quality appraisal. We assessed each psycho
metric property of each of the included studies according to the COSMIN 
criteria for good psychometric properties (Mokkink et al., 2024) and 
rated them as sufficient (+), indeterminate (?), or insufficient (-).

Grading the quality of evidence. We assessed the quality of evidence for 
each psychometric property by using the COSMIN-modified Grading of 
Recommendations, Assessment, Development, and Evaluation (GRADE) 
methodology (Mokkink et al., 2024). The quality of each psychometric 
property was categorised as high, moderate, low, or very low according to 
the combined results of the above-described risk of bias assessment and 
criteria for good measurement properties.

4. Results

4.1. Research methodologies, methods, and instruments employed

The selected reports showcase a wide range of methodologies, 
methods, and instruments for collecting data on Key Sustainability 
Competences of university students. Some studies use solely qualitative 
or quantitative methodologies, while others employ mixed-method ap
proaches. To address RQ1, we analyze the retrieved reports based on 
their methodological approach (qualitative, quantitative or mixed- 

Fig. 2. Number of the retrieved reports (n = 37) per Publication year (2013–2026).

Table 1 
Methodologies and methods used.

Methodologies Methods Number of 
Reports

Literature reviews systematic literature reviews 5
Qualitative 

approaches
semi-structured interviews, role-playing, 
written course assignments, open-ended 
questionnaires, reflective learning journals

6

Quantitative 
approaches

scaled assessment instruments often with in 
conjunction with a rubric

17

Mixed-method 
approaches

course evaluations, vignette survey, self- 
assessment rubrics combined with a 
reflective essay

9
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method). Table 1 outlines the methodologies and methods used. Sub
sequently, we discuss the specific methodologies, methods, and in
struments they employ. To address RQ2, we describe reported strengths 
and limitations. As for RQ3, we report, later in this section, on the 
psychometric properties of the reported instruments.

4.1.1. Literature reviews
Some of the retrieved articles include systematic literature reviews 

that focus on assessment methodologies, methods, and instruments for 
undergraduate students in HEIs (Annelin & Boström, 2022; Cebrian & 
Segalas, & Hernandez, 2019; Redman et al., 2021; Segalàs & Hernández, 
2019; Ssossé et al., 2021). Although these reviews address the same 
issue, they adopt different perspectives. Cebrian, and Segalas, and 
Hernandez (2019) and Segalàs and Hernández (2019), for instance, 
searched for studies focusing on undergraduate students. The selected 
studies focus on students’ competencies, skills, outcomes, perceptions, 
attitudes and their behaviors. The goal in most of these studies is sum
mative rather than formative evaluation or self-assessment (Cebrian & 
Segalas, & Hernandez, 2019; Segalàs & Hernández, 2019). The review 
by Cebrian, and Segalas, and Hernandez (2019) investigates research on 
assessing sustainability competencies and related capabilities, learning 
outcomes, attributes of students of all educational levels (including HEI 
students), alumni and even professionals (e.g., farmers). The review by 
Segalàs and Hernández (2019) focuses on HEIs students of all disci
plines. Annelin and Boström (2022) and Ssossé et al. (2021) gathered 
studies with an exclusively quantitative design. Meanwhile, Cebrian, 
and Segalas, and Hernandez (2019), Redman et al. (2021) and Segalàs 
and Hernández (2019) include research with a variety of methodologies.

Ssossé et al. (2021) selected studies employing a quasi-experimental 
design to detect the impact of ESD on students’ behavior regarding SD 
issues. They found that the impact of ESD is indeed measurable. They 
also pinpoint that KSCs are often used as a means to measure it in 
educational research. All included studies prioritize the utilization of 
quantitative methodologies, which generally follow a positivistic 
approach. These studies use instruments that are either adapted from 
existing instruments or developed by the authors themselves. In all in
stances, the instruments include a list of (sub)competencies with various 
levels of mastery and are checked for validity and reliability.

Annelin and Boström (2022) found that most of the selected studies 
did not elaborate on all KSCs; instead, they focused on specific ones. The 
retrieved scales either measure general competence for sustainability 
instead of KSCs or they are validated in discipline-specific contexts. In 
the latter case, no information is provided regarding their validation in 
different contexts. They also noted that little research has been done on 
how to measure the integrated problem-solving competence, which is 
considered one of the KSCs according to the framework of Wiek and 
colleagues (2011; 2016). While this competence might be built upon 
other KSCs, the authors argue it is also a distinct competence. The 
literature reviews mentioned above reveal the application of a broad 
range of methods to assess KSCs in HEI students.

Indeed, Redman et al. (2021) clustered the research methods applied 
into three major categories based on who examines students’ KSCs: a) 
self-perception-based instruments (Scaled self-assessment instruments, 
reflective writing, focus groups/interviews), b) observation-based in
struments (performance observation and coursework analysis) and c) 
test-based instruments (concept mapping and scenario/case tests).

4.1.2. Qualitative approaches
Few researchers have applied qualitative methodologies to study 

bachelor students’ Key Sustainability Competences. Azeiteiro et al. 
(2015), for instance, used semi-structured interviews to assess the 
effectiveness of a sustainability course in terms of their students’ KSCs. 
Gordon and Thomas (2018) assessed their students via role-playing after 
the completion of a semester course. The students participated in a 
debate where they adopted several conflicting roles and argued on an 
SD-related topic. The authors analyzed their argumentation along with a 

written course assignment. Giangrande et al. (2019) developed a con
ceptual framework for KSCs to serve as a basis for assessment in
struments targeting learners, practitioners, teachers, and policy makers. 
For each KSC, they created open-ended questions for evaluation and 
self-reflection. The suggested competence framework provides a route to 
assess ESD outputs, aligning with SDG 4.7’s goals of human rights, 
gender equality, peace, and global citizenship. Vesala-Varttala et al. 
(2021) asked students to write reflective learning journals during an in
ternational sustainability course with a focus on normative competence. 
To guide students on what to note down, the researchers provided them 
with reflection themes as guidelines. The data were examined using a 
theory-driven content analysis applying the KSCs definitions. This 
analysis involved KSCs divided into knowledge, attitudes, and skills. 
Konrad et al. (2021) assessed the development of students’ interpersonal 
competence through project-based sustainability courses. They adopted 
a multi-case approach studying project-based sustainability courses in 
Germany, USA, Switzerland and Spain. They involved their students and 
teachers in series of semi-structured interviews, focus groups and ob
servations. Finally, Muhamad Noor et al. (2024) organized 
semi-structured interviews with undergraduates in Malaysian univer
sities. They investigated their perceptions of which KSCs were cultivated 
through their engagement in extracurricular university activities. The 
students responded to open-ended questions and the collected data then 
were thematically analyzed.

4.1.3. Quantitative approaches
Many of the reported studies use scaled assessment instruments to 

investigate HEI students’ KSCs. However, relatively few of these in
struments are designed for students to evaluate their self-perceptions 
regarding KSCs related to knowledge, attitudes, and behavior concern
ing environmental or sustainability issues. For instance, the question
naire by Muñoz-Rodríguez et al. (2020) comprises 19 statements that 
require responses based on a four-point Likert scale: strongly disagree, 
disagree, agree, and strongly agree. The authors measure HEI students 
KSCs at the beginning and the end of their studies. Chaikovska et al. 
(2024) examined the development of KSCs of Ukrainian student teachers 
during an English course. They report the structure of a questionnaire 
consisting of 36 statements referring to KSCs, with and a four-point 
Likert scale for student responses. They collected data using the ques
tionnaire before and after the completion of the English language 
course. Baena-Morales, Urrea-Solano, et al. (2023) developed a scale to 
measure future physical education teachers’ KSCs. The Physical Edu
cation Scale for Sustainable Development in Future Teachers (PESD-FT) 
questionnaire includes 20 statements and an eight-point Likert scale. 
The items are grouped into the three aspects of SD – the social, the 
economic and the environmental – and are directly associated with the 
SDGs. The data collected with PESD-FT by Baena-Morales, 
Urrea-Solano, et al. (2023) were subsequently used by Baena-Morales, 
García-Taibo, et al. (2023) to determine the curriculum’s influence on 
students’ KSCs. Xiao et al. (2024) constructed and validated a scale for 
assessing students’ KSCs. The questionnaire includes (a) a mini- scenario 
as an introduction to make all students familiar with sustainability 
practices and (b) 29 statements with a six-point Likert scale. Lately, 
(Annelin, 2026) developed and validated a scale to measure students’ 
perceptions of their KSCs, the Sustainability Competence Mindset Map 
(SCMM). The SCMM consists of 21 items and students were asked to 
rank their agreement with the statements on a five-point Likert scale, 
from strongly disagree to strongly agree

Other studies examine more generic issues such as relevance and 
interest in sustainability. For instance, Risopoulos-Pichler et al. (2020)
developed a scale comprising 24 statements with a six-point Likert-type 
scale. The 24 items refer to the personal relevance of sustainability, 
relevance of ESD, organizational initiatives to encourage sustainability, 
individual or community impact, and national or global perspectives on 
sustainability. Hyytinen et al. (2023) developed a questionnaire to 
collect data regarding students’ interest in learning KSCs. The 
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questionnaire includes 24 statements and a seven-point Likert scale for 
student responses. Hammer and Lewis (2023) applied a survey to uni
versity students, asking them how important they considered the pro
motion of KSCs in their studies. The questionnaire consists of 13 
statements, each representing a KSC, and respondents used a six-point 
Likert scale. Martínez Casanovas et al. (2022) employed cluster anal
ysis to create profiles of graduate students’ KSCs in conjunction with 
their perceptions of a series of active learning methodologies. To mea
sure KSCs, they developed a scale based on the conceptual framework by 
Wiek et al. (2011).

Researchers in Spain developed an instrumentarium with self- 
assessment scales used in conjunction with a rubric known as the ‘Sus
tainability Map’. Valderrama-Hernández et al., (2020, 2025) along with 
Fuertes-Camacho et al. (2019), Sánchez-Carracedo et al. (2021) and 
Valderrama-Hernández et al. (2020) present an 18-statement self- 
assessment scale with a four-point Likert scale. This scale is designed for 
students in education degree programmes to report their perceptions 
regarding their KSCs. Sánchez-Carracedo, Sabate, et al. (2021) and 
Sánchez-Carracedo et al. (2022) describe a similar scale, but for engi
neering students. The latter scale contains 34 statements and a 
four-point Likert scale for student responses. Both scales, for education 
and engineering degrees, are used in conjunction with their respective 
‘Sustainability Maps’. A Sustainability Map is a rubric that analyzes 
KSCs at three levels: Knowing, Knowing how, and Showing and doing, as 
described by Miller's pyramid (1990). For each of the three levels, there 
are three indicators (low, medium and high). The statements in both 
instruments are informed by the cells of the Sustainability Maps. In 
Sánchez-Carracedo et al. (2022), the researchers employed these in
struments with a sample of both education and engineering students to 
facilitate comparisons.

Beyond student perspectives, Valdes-Ramirez et al. (2024) asked 
tutors to examine their students’ KSCs. They utilized quantitative data 
collected by the Tecnologico de Monterrey, the Mexico’s national uni
versity, to investigate students’ KSCs. The collected data contained in
formation on students’ KSCs, their academic program, course, and the 
semester. Tutors assigned each KSC as ‘observed’ or ‘not observed’ based 
on a rubric. Similarly, Albareda-Tiana et al. (2024) used ‘the Sustain
ability Map’ for all university students, regardless of their discipline. 
Tutors of the academic courses in which the students participated used 
the rubric to assess their students’ KSCs based on their oral and written 
assignments. The aim of this study was to evaluate the effectiveness of 
the teaching methodologies applied.

4.1.4. Mixed-method approaches
Many of the selected reports describe instruments structured using 

mixed-method methodologies. These studies typically collect (a) both 
qualitative and quantitative data that complement each other, or (b) 
qualitative data that are subsequently quantified. Often, the selected 
studies utilize course evaluations to assess students’ acquisition of KSCs. 
In such cases, data collection processes are frequently carried out before 
and after the completion of a sustainability course (e.g., Albareda Tiana 
& Alférez Villarreal, 2016; Galt et al., 2013; Oh, 2019; Reming
ton-Doucette et al., 2013; Remington-Doucette & Musgrove, 2015). For 
example, Galt et al. (2013) assessed the development of KSCs in uni
versity students through two complementary ways: (a) a self-assessment 
rubric and (b) a reflective essay where students described their course 
experience. Albareda Tiana and Alférez Villarreal (2016) evaluated the 
cultivation of student teachers’ KSCs using both qualitative analysis of 
students’ self-reported perceptions and an assessment by the tutors of 
the course. Oh (2019) combined data from course evaluation and stu
dent interviews to evaluate the development of interpersonal compe
tence based on a rubric scoring system. Kioupi (2025) developed a 
survey with 14 items and a four-point Likert scale for students to assess 
their KSCs. The survey included also open-ended questions to illuminate 
the results of the closed-ended questions. The researcher has finally 
captured students’ reflections via online tools such as Padlet and Vevox. 

Schmidt-Ross and Hensel-Börner (2025) first collected qualitative data 
via interviews and reflection essays from students. Based on these data. 
they created a questionnaire, which was administrated to students at the 
begnning and the end of a sustainability course. The questionnaire 
included 36 items and a ten-point likert-type scale from ‘low’ to ‘high’.

Some studies utilize vignette surveys, which often involve more than 
one data collection method. In a vignette survey, students are presented 
with a small number of short vignettes describing educational scenarios. 
They are then asked to reflect on these scenarios and respond to open- 
ended, close-ended questions, or scales. For instance, the instrument 
of Sandri et al. (2018) includes four vignettes, each followed by 
multiple-choice questions for students to respond to, along with one 
close-ended question. The answers are accompanied by a rubric scoring 
system designed to indicate students’ capacity to apply KSCs in practice. 
Similarly, Renta-Davids et al. (2020) collected responses on four vi
gnettes using multiple choices questions, which were then statistically 
analyzed. They supplemented this with one open-ended question, and 
these data are analyzed thematically (content analysis). Reming
ton-Doucette et al. (2013) and Remington-Doucette and Musgrove 
(2015) employed two vignettes presenting sustainability challenges and 
potential solutions. Students were required to respond to accompanying 
open-ended questions. These questions were supported by an answer 
key and a rubric scoring system based on specific criteria, further cate
gorized at five levels ranging from “exceptional” to “no skill”.

4.1.5. Strengths of the reported methods
Surveys are widely utilized due to their efficiency, ease of distribu

tion, and ability to gather vast amounts of information from larger 
student populations (Cebrian & Segalas, & Hernandez, 2019; Redman 
et al., 2021; Segalàs & Hernández, 2019; Valderrama-Hernández et al., 
2025). Research participants often acknowledge that they are more 
likely to engage in research that requires less time (Sandri et al., 2018). 
Open-ended question formats encourage thoughtful responses, debate, 
and honest feedback, thereby promoting self-assessment (Giangrande 
et al., 2019; Kioupi, 2025).

Scaled self-assessment instruments are the most commonly applied 
method (Redman et al., 2021). These instruments allow researchers to 
analyze individual items or indicators, or to group them as aggregate 
factors that describe a specific KSC. (Sánchez-Carracedo, Sabate, et al., 
2021). Scaled instruments can measure not only perceived learning but 
also students’ actual learning (Sánchez-Carracedo, Sabate, et al., 2021). 
They also offer formative self-evaluation opportunities allowing us to 
deep into students’ perspectives. Finally, statistical tests help us to 
confirm the validity and reliability of the instruments (Annelin, 2026). 
During the development process, though, researchers need to balance 
contextual information with the cognitive demands placed on re
spondents. (Xiao et al., 2024).

A few authors utilize the vignette survey method for data collection. 
Vignettes are seen as a realistic stimuli (e.g., images, graphics, video or 
text), simulating familiar situations for participants, aiming to elicit 
responses (Ssossé et al., 2021). They are typically followed by a set of 
questions designed to uncover the reasoning behind participants' re
sponses (Renta-Davids et al., 2020). Vignettes enhance the internal and 
external validity of an instrument, allowing students to demonstrate 
SKCs within a realistic, hypothetical context (Renta-Davids et al., 2020). 
The combination of open-ended and close-ended questions facilitates 
data triangulation (Ssossé et al., 2021). Vignette-based question designs 
can gather comparable data from large populations (Sandri et al., 2018) 
and, as such, can be used in large-scale studies.

Students are sometimes asked to maintain reflective learning journals 
to document their KSCs, typically before and after the completion of a 
sustainability course (Redman et al., 2021). These journals help students 
understand alternative interpretations of sustainability challenges and 
ethical encounters. By integrating competences, students gain 
self-knowledge and confidence in self-directed learning (Vesala-Varttala 
et al., 2021). They are also specifically designed to assess students’ KSCs. 
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One case study reported the use of role-playing alongside written course 
assignments as a method to assess students’ KSCs, which allowed stu
dents to identify the KSCs themselves (Gordon & Thomas, 2018). 
Additionally, focus groups and interviews connect learning outcomes to 
teaching activities, encouraging further reflection and insights through 
discussions with facilitators or peers (Redman et al., 2021).

4.1.6. Weaknesses of the reported methods
Participants may fail to accurately respond to the survey questions, 

regardless of whether these questions pertain to behaviors, attitudes, 
perceptions, facts, and intentions (Renta-Davids et al., 2020; Sandri 
et al., 2018). They may not report their actual behaviour but rather what 
they perceive as ideal behaviour, leading to social desirability bias 
(Giangrande et al., 2019; Sandri et al., 2018; Ssossé et al., 2021). 
Furthermore, while vignette surveys depict fictional scenarios, they do 
not always position the participant as the protagonist, thereby not 
ensuring that the participant will articulate their own behaviour 
(Renta-Davids et al., 2020; Sandri et al., 2018).

Scaled self-assessment instruments necessitate that students fully 
comprehend the provided statements or scenarios and engage in 
adequate self-reflection to select an appropriate point on a Likert-type 
scale (Annelin, 2026; Redman et al., 2021; Xiao et al., 2024). To cap
ture actual behavior, researchers need qualitative research designs 
which are impractical for large samples (Sandri et al., 2018). A possible 
solution to this limitation could be to provide space for students to 
report specific examples (Ssossé et al., 2021). Self-assessment in
struments also do not allow assessments by peers (Sandri et al., 2018).

While quantitative methods are suitable for larger samples, qualita
tive methods are appropriate for small samples (Kioupi, 2025; Sandri 
et al., 2018). Regarding reflective learning journals, it is doubtful if the 
HEI students can accurately express their thoughts, values, and feelings 
(Vesala-Varttala et al., 2021). Role-playing, while effective, requires 
significant effort and experience from the teacher (Gordon & Thomas, 
2018).

Performance observations may be contested due to subjectivity issues 
(Redman et al., 2021). They also demand significant time when 
observing a large number of students, and observers need appropriate 
training (Redman et al., 2021). To mitigate subjectivity in observations, 
and in analyzing data from course evaluations, a rubric that includes 
both the KSCs and related behaviours could be beneficial (Redman et al., 
2021). Additionally, at least two observers/raters should assess the same 
sample to ensure interrater reliability (Redman et al., 2021).

4.1.7. Psychometric properties of the reported instruments
In this section, we examine the extent to which the retrieved 

empirical studies report on the psychometric properties of their in
struments (i.e., pilot testing, validity and reliability) and examine them 
based on the COSMIN criteria (RQ3).

While quite a few of the quantitative studies report on aspects such as 
pilot-testing, expert review or factor analysis (for checking validity) and 
Cronbach’s alpha coefficients (for examining internal consistency), this 
is not universally the case. In some reports, the instrument used for data 
collection is not presented (Valdes-Ramirez et al., 2024). The sample 
sizes differ considerably across the studies, reflecting on the different 
research design and objectives. Sometimes, the sample size of under
graduate students is not specified (Azeiteiro et al., 2015; Gordon et al., 
2019). All of the reported instruments measure students’ 
self-perceptions about their KSCs. Hyytinen et al. (2023) examined, 
though, students’ perceived interest in KSCs. The majority of the studies 
employ summative approaches rather than formative ones. Table 2
provides information on the characteristics of the studies: sample, 
assessment approach, which KSCs are measured, total instrument items 
and items per measure, and response options. The most measured KSCs 
include systems-thinking competence, normative competence, strategic 
competence, interpersonal competence. Table 3 summarizes the COS
MIN evaluation of psychometric properties and evidence quality. The 

table shows the rating for the risk of bias for the psychometric property 
of the instruments and their quality rating regarding the statistical re
sults. The studies that make use of the same instruments are group 
together and a GRADE is assigned for each psychometric property for 
each instrument. The table depicts that the selected studies report only 
few psychometric properties of their instruments. In most of the cases, 
the risk of bias is rated as very good, the quality of rating as sufficient and 
the GRADE as high. In what follows, we detail the risk of bias is rated, 
the quality of rating and the GRADE for each study and instrument.

4.1.8. Reliability
Many of the selected studies reported reliability testing to examine 

the instruments’ internal consistency. Most authors used Cronbach’s 
alpha as the main reliability indicator, with values ≥ 0.70 generally 
considered indicative of acceptable internal consistency (e.g., Loewen
thal & Lewis, 2018). Some studies also reported composite reliability 
(CR) (Annelin, 2026; Xiao et al., 2024), for which values in the range of 
0.60–0.90 are typically regarded as acceptable (Hair et al., 2019).

EDINSOST-project questionnaire. The Spanish team reported the 
EDINSOST-project questionnaire for education and engineering stu
dents. The questionnaire for the education students demonstrated high 
reliability with a Cronbach's alpha coefficient of 0.935, indicating strong 
internal consistency (Muñoz-Rodríguez et al., 2020; Sánchez-Carracedo 
et al., 2021). Accordingly, the risk of bias (RoB) was rated as very good, 
and internal consistency result was rated as sufficient. Although the 
education-student questionnaire was used in additional studies 
(Fuertes-Camacho et al., 2019; Sánchez-Carracedo et al., 2022; Valder
rama-Hernández et al., 2020), internal consistency was reported only in 
the aforementioned publications. In contrast, the version for engineer
ing students was not evaluated for reliability in the included studies 
(Albareda-Tiana et al., 2024; Sánchez-Carracedo et al., 2022; 
Sánchez-Carracedo, Sabate, et al., 2021)

PESD-FT scale. Baena-Morales and colleagues reported high reli
ability for the PESD-FT scale, with a Cronbach’s alpha of 0.949, indi
cating strong internal. Additionally, the three sustainability dimensions 
displayed high internal consistency: social dimension (0.853), economic 
dimension (0.869), and environmental dimension (0.928). The risk of 
bias is considered very good and the quality of the internal consistency is 
rated as sufficient (Baena-Morales, García-Taibo, et al., 2023; 
Baena-Morales, Urrea-Solano, et al., 2023)

Additional instruments. Xiao et al. (2024) reported Cronbach’s alpha 
coefficients ranging from 0.87 to 0.94, indicating high internal consis
tency for the scales assessed. The composite reliability (CR), exceeding 
0.70, affirmed the scale's reliability. The internal consistency then is 
rated as sufficient and the risk of bias very good. Internal consistency was 
also evaluated in Annelin (2026) by using both Cronbach’s alpha and 
Composite Reliability (CR) measures. The results show that both reli
ability tests for KSC scale yielded acceptable results.

Limited or absent reporting. Renta-Davids et al. (2020) reported α 
= 0.62, which may be acceptable for scales with fewer than 10 items 
(Loewenthal & Lewis, 2018). Remington-Doucette and Musgrove (2015)
assessed inter-rater reliability by Pearson’s correlation analysis to 
ascertain the strength and direction of the ratings. Rater scores for all 
five competences demonstrated a positive and strong (r = 0.50–1.0; 
Cohen et al., 2007). Quite a few studies failed to present any evidence of 
reliability (Chaikovska et al., 2024; Galt et al., 2013; Hyytinen et al., 
2023; Kioupi, 2025; Martínez Casanovas et al., 2022; Oh, 2019; 
Remington-Doucette et al., 2013; Remington-Doucette & Musgrove, 
2015; Risopoulos-Pichler et al., 2020; Sandri et al., 2018). None of the 
included studies reported evidence for other types of reliability such, as 
intra-rater reliability, test-rest reliability or measurement error.

4.1.9. Validity

4.1.9.1. Content validity. Quite a few studies have taken steps to 
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Table 2 
Characteristics of the studies.

Report Instruments used in 
the study

Sample Assessment 
approach

*Measure(s): Self- 
perceptions of KSCs

Τotal items No of 
items per 
measure

Response 
options

Galt et al. (2013) Rubric 38 undergraduate 
students

Summative Systems-thinking 
competence 
Normative competence 
Strategic competence 
Interpersonal skills 
Interpersonal competence

​ ​ 5-point Likert- 
type scale

Remington-Doucette et al. 
(2013)

Rubric 105 undergraduate 
students

Summative Systems-thinking 
competence 
Normative competence 
Strategic competence

6 3 items 
2 items 
1 item

5-point Likert- 
type scale

Remington-Doucette and 
Musgrove (2015)

Rubric 195 undergraduate 
students

Summative Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence

11 3 items 
2 items 
2 items 
2 items 
2 items

5-point Likert- 
type scale

Azeiteiro et al. (2015) Semi-structured 
interviews

undergraduate 
students with no 
reference to the total

Summative Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence 
Transdisciplinary 
competence

​ ​ ​

Gordon and Thomas 
(2018)

Role-playing and 
written course 
assignments

undergraduate 
students with no 
reference to the total

Summative & 
formative

Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence

​ ​ ​

Sandri et al. (2018) Six scenario’s/ 
vignettes with 
following questions

54 undergraduate 
students

Summative Systems-thinking 
competence 
Normative competence 
Strategic competence 
Interpersonal competence

different for 
each vignette

​ A scoring 
system is 
similar to a 
standard test.

Oh (2019) Rubric 14 undergraduate 
students.

Summative Interpersonal competence 5 dimensions ​ A scoring 
system is 
similar to a 
standard test.

Giangrande et al. (2019) Rubric ​ Summative & 
formative

Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence 
Intrapersonal competence

5 dimensions 
for each

​ Open-ended 
questions for 
(self-) 
reflection.

Renta-Davids et al. (2020) Four vignettes 202 first year 
students

Summative Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence

​ ​ Multiple 
choices

Risopoulos-Pichler et al. 
(2020)

Questionnaire with 24 
statements

3.200 undergraduate 
students

Summative Systems-thinking 
competence 
Normative competence 
Strategic competence

​ ​ 6-point Likert- 
type scale

Muñoz-Rodríguez et al. 
(2020)

Questionnaire with 18 
statements and a rubric

230 first-year 
students and 96 
fourth-year 
education students

Summative Systems-thinking 
competence 
Normative competence 
Strategic competence 
Interpersonal competence

18 ​ 4-point Likert- 
type scale

Vesala-Varttala et al. 
(2021)

Reflective learning 
journals

35 international 
undergraduates

Summative & 
formative

Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence 
Intrapersonal competence 
Implementation 
competence

​ ​ ​

(continued on next page)
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Table 2 (continued )

Report Instruments used in 
the study 

Sample Assessment 
approach 

*Measure(s): Self- 
perceptions of KSCs 

Τotal items No of 
items per 
measure 

Response 
options

Konrad et al. (2021) Interviews, focus 
groups and 
observations.

36 international 
undergraduates

Formative Interpersonal competence ​ ​ ​

Valderrama-Hernández 
et al. (2020)

A questionnaire with 
18 statements and a 
rubric.

​ Summative Systems-thinking 
competence 
Normative competence 
Strategic competence 
Interpersonal competence

​ ​ 4-point Likert- 
type scale

Sánchez-Carracedo, 
Sabate, et al., (2021)

A questionnaire with 
18 statements and a 
rubric.

548 first-year 
students and 394 
fourth-year 
education students.

Summative the same as previously ​ ​ 4-point Likert- 
type scale

Fuertes-Camacho et al. 
(2019)

Rubric 16 education 
students

Summative the same as previously ​ ​ 4-point Likert- 
type scale

Sánchez-Carracedo et al. 
(2022)

A questionnaire with 
18 statements and a 
rubric

1.705 education 
students and 919 
engineering students

Summative the same as previously ​ ​ 4-point Likert- 
type scale

Sabate-Carracedo et al. 
(2021)

A questionnaire with 
34 statements and a 
rubric

221 first-year 
students and 136 
fourth-year 
engineering students

Summative the same as previously ​ ​ 4-point Likert- 
type scale

Sánchez-Carracedo et al. 
(2021)

A questionnaire with 
34 statements and a 
rubric

1157 first-year 
students and 525 
fourth-year students.

Summative the same as previously ​ ​ 4-point Likert- 
type scale

Albareda-Tiana et al. 
(2024)

Rubric 322 undergraduates Summative the same as previously ​ ​ ​

Martínez Casanovas et al. 
(2022)

Questionnaire with 25 
statements

252 undergraduates Summative ​ 7 ​ No explicit 
reference to 
any response 
scale.

Baena-Morales, 
García-Taibo, et al. 
(2023)

Questionnaire with 20 
statements

341 physical activity 
and sport science 
undergraduate 
students

Summative Systems-thinking 
competence 
Normative competence 
Strategic competence 
Interpersonal competence

20 8 items 
6 items 
6 items

8-point Likert- 
type scale

Baena-Morales, 
Urrea-Solano, et al. 
(2023)

Questionnaire with 20 
statements

341 physical activity 
and sport science 
undergraduate 
students

Summative Systems-thinking 
competence 
Normative competence 
Strategic competence 
Interpersonal competence

20 8 items 
6 items 
6 items

8-point Likert- 
type scale

Hyytinen et al. (2023) Questionnaire with 24 
statements

797 undergraduates Summative **Perceived interest in 
learning sustainability 
competences: in Systems- 
thinking competence 
Normative competence 
Strategic competence 
Interpersonal competence 
Intrapersonal competence

15 6 items 
5 items 
7 items 
4 items 
3 items

7-point Likert- 
type scale

Xiao et al. (2024) Questionnaire with 29 
statements

381 undergraduates Summative Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence

16 ​ 6-point Likert- 
type scale

Chaikovska et al. (2024) A questionnaire with 
36 statements. Student 
interviews and 
classroom 
observations.

246 education degree 
students

Summative & 
formative

the same as previously ​ 6 items for 
each 
measure

4-point Likert- 
type scale

Muhamad Noor et al. 
(2024)

Semi-structured 
interviews

21 undergraduates Summative & 
formative

Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence

​ ​ ​

Kioupi (2025) A questionnaire with 
14 statements. Open 
question to accompany 
the closed ones.

​ Summative & 
formative

Systems-thinking 
competence 
Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence 
Intrapersonal competence

​ ​ 4-point Likert- 
type scale

Annelin (2026) Questionnaire with 21 
statements.

691 students Summative & 
formative

Systems-thinking 
competence 

​ ​ 5-point Likert- 
type scale

(continued on next page)
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strengthen the content validity of their instruments. Researchers often 
submit the instrument to a panel of experts for content evaluation 
(Baena-Morales, García-Taibo, et al., 2023; Baena-Morales, Urrea-So
lano, et al., 2023; Renta-Davids et al., 2020; Sánchez-Carracedo et al., 
2021; Sánchez-Carracedo, Sabate, et al., 2021; Xiao et al., 2024). In 
addition, some authors have conducted cognitive interviews 
(Chaikovska et al., 2024; Xiao et al., 2024), focus groups with university 
students (Martínez Casanovas et al., 2022; Sandri et al., 2018) and, in 
some cases, classroom observations to inform instrument development 
(Chaikovska et al., 2024). Pilot testing of the initial version is also 
commonly used as part of the validation process (Annelin, 2026; Galt 
et al., 2013; Martínez Casanovas et al., 2022; Sánchez-Carracedo, 
Sabate, et al., Sabate, et al., 2021, 2021; Xiao et al., 2024). Annelin 
(2026) invited teachers to provide feedback after implementing the in
strument with their students; these data were then used for triangula
tion, supporting the validation of findings and assessing the 
questionnaire’s usability in a real-world teaching context.

4.1.9.2. Hypothesis testing for construct validity. Structural validity evi
dence. Several studies reported using factor-analytic procedures to 
examine the internal structure of their instruments. Factor analysis is 
commonly used to evaluate the homogeneity of a measure (Heale & 
Twycross, 2015), while principal component analysis (PCA) was 
frequently employed in the included studies (Martínez Casanovas et al., 
2022; Risopoulos-Pichler et al., 2020; Sánchez-Carracedo et al., 2021; 
Sánchez-Carracedo, Sabate, et al., 2021). Before conducting factor 
analysis or PCA, several authors assessed data suitability using the 
Kaiser–Meyer–Olkin (KMO) measure and Bartlett’s test of sphericity 
(Annelin, 2026; Renta-Davids et al., 2020; Risopoulos-Pichler et al., 
2020; Sánchez-Carracedo et al., 2021; Sánchez-Carracedo, Sabate, et al., 
2021; Xiao et al., 2024). In general, KMO values > 0.50 are considered 
acceptable, while a statistically significant Bartlett’s test supports the 
factorability of the correlation matrix (Mokkink et al., 2024).

EDINSOST project questionnaire—education students. For the 
education-student questionnaire, suitability testing supported PCA: the 
KMO for the full instrument was 0.939 and Bartlett’s test of sphericity 
was significant (χ² = 9834.271, p < .001) (Sánchez-Carracedo et al., 
2022; Sánchez-Carracedo et al., 2021). Factor loadings were ≥ 0.30 and 
the solution explained 60% of the variance; therefore, the instrument 
was rated very good for methodological quality and sufficient for its re
sults. EDINSOST project questionnaire—engineering students. For the 
engineering-student version, factor loadings were ≥ 0.30, but the solu
tion explained 47.77% of the variance and was therefore judged doubtful 
(Sánchez-Carracedo et al., 2021; Sánchez-Carracedo, Sureda, et al., 
2021). In addition, the authors stated that KMO and Bartlett’s test results 
were acceptable but did not report exact values (Sánchez-Carracedo 
et al., 2022; Sánchez-Carracedo, Sabate, et al., 2021), limiting trans
parency and interpretability.

Additional studies. Across the included studies, evidence for structural 
validity varied in both completeness and strength. Renta-Davids et al. 
(2020) reported KMO = 0.69 and a significant Bartlett’s test (χ² = 86.47, 

df = 6, p < .001); however, the extracted solution explained 46.98% of 
the variance and showed modest loadings (0.473–0.592). Although the 
study was rated very good for methodological quality, its results were 
judged doubtful because the explained variance did not meet the ≥ 50% 
criterion typically used to support sufficient factor structure, even when 
loadings meet the ≥ 0.30 threshold (Mokkink et al., 2024). In contrast, 
Risopoulos-Pichler et al. (2020) reported stronger structural evidence, 
with loadings ranging from 0.40 to 0.80 and 57% explained variance; 
accordingly, the study was rated very good for methodological quality 
and sufficient for its results. Other studies provided only partial report
ing. Hyytinen et al. (2023) reported that the items were factorable (KMO 
= 0.94) but did not report Bartlett’s test of sphericity. Factor loadings 
ranged from 0.35 to 0.86, while explained variance was not reported. 
We therefore rated the methodological quality as adequate and the sta
tistical outcomes as sufficient. Similarly, Xiao et al. (2024) reported 
factor loadings ranging from 0.40 to 0.91 but did not provide the KMO 
value and did not report Bartlett’s test of sphericity; accordingly, we 
rated the methodological quality as adequate and the statistical out
comes as sufficient.

Convergent and discriminant validity evidence. Beyond structural val
idity, Annelin (2026) reported additional evidence for construct validity 
and diagnostic checks. Convergent validity was evaluated using the 
average variance extracted (AVE), which exceeded 0.50, while 
discriminant validity was assessed using the heterotrait–monotrait ratio 
(HTMT), with all values below the 0.90 threshold (Hair et al., 2019). 
Collinearity among indicators was examined via variance inflation fac
tors (VIFs), with values between 1 and 3 indicating no problematic 
multicollinearity (Hair et al., 2019). Confirmatory factor analysis indi
cated no standardized loadings below 0.70 (some approached 1.00), and 
no critical collinearity issues were identified. The study of Annelin 
(2026) is considered “very good” for its methodological quality and 
“sufficient” for its statistical results.

Insufficient or limited reporting. In several cases, reporting was insuf
ficient to allow appraisal. Kioupi (2025) conducted an exploratory, 
small-scale survey but did not report any validity testing. Martínez Ca
sanovas et al. (2022) stated that PCA was performed; however, no 
methodological or statistical details were provided, preventing appraisal 
of methodological quality and statistical outcomes. Baena-Morales, 
García-Taibo, et al. (2023) and Baena-Morales, Merma-Molina, et al. 
(2023) make no references on validity tests.

Criterion validity. None of the studied reports have reported any 
correlation with gold standard.

Cross-cultural validity/Measurement invariance. None of the studied 
reports have reported application in different cultural context.

4.1.9.3. Responsiveness. The majority of the studies adopt a cross- 
sectional design and therefore do not permit conclusions about 
changes in effects over time (Annelin, 2026; Baena-Morales, García-
Taibo, et al., 2023; Baena-Morales, Merma-Molina, et al., 2023; Chai
kovska et al., 2024; Fuertes-Camacho et al., 2019; Galt et al., 2013; I. J. 
Gordon et al., 2019; Hyytinen et al., 2023; Kioupi, 2025, 2025; Martínez 

Table 2 (continued )

Report Instruments used in 
the study 

Sample Assessment 
approach 

*Measure(s): Self- 
perceptions of KSCs 

Τotal items No of 
items per 
measure 

Response 
options

Anticipatory competence 
Normative competence 
Strategic competence 
Interpersonal competence 
Intrapersonal competence 
Implementation 
competence

Note. All of the reported instruments measure students’ self-perceptions about their KSCs. *Most all of reports examines university students’ self-perceptions as to their 
KSCs. We report the KSCs seen through the lenses of the Sustainability Research and Problem-solving Framework (Wiek et al.,2011; 2016). ** Only Hyytinen et al. 
(2023) examined university students’ perceived interest in KSCs.

E. Sinakou and M. Daskolia                                                                                                                                                                                                                  Studies in Educational Evaluation 89 (2026) 101609 

10 



Table 3 
COSMIN evaluation of psychometric properties and evidence quality.

Reports Reliability Validity

​ Internal 
Consistency

Reliability 
(test-retest)

Inter-rater 
reliability

Мesurement 
Error

Content 
validity

Criterion 
Validity

Construct 
validity

Responsiveness

​ ​ ​ ​ ​ ​ ​ Structural 
Validity

Cross-cultural 
validity/ 
Measurement 
invariance

​

Galt et al. (2013) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias ​ ​ ​ ​ ​ ​ ​ ​ ​
Quality rating ​ ​ ​ ​ ​ ​ ​ ​ ​
GRADE ​ ​ ​ ​ ​ ​ ​ ​ ​
Remington-Doucette et al. 

(2013)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ ​ ​ ​ ​ V
Quality rating ​ ​ ​ ​ ​ ​ ​ ​ +

Remington-Doucette and 
Musgrove (2015)

​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ V ​ ​ ​ ​ ​ ​ V
Quality rating ​ + ​ ​ ​ ​ ​ ​ +

GRADE ​ H ​ ​ ​ ​ ​ ​ H
Sandri et al. (2018) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias ​ ​ ​ ​ V ​ ​ ​ ​
Quality rating ​ ​ ​ ​ + ​ ​ ​ ​
GRADE ​ ​ ​ ​ H ​ ​ ​ ​
Oh (2019) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias ​ ​ ​ ​ ​ ​ ​ ​ ​
Quality rating ​ ​ ​ ​ ​ ​ ​ ​ ​
GRADE ​ ​ ​ ​ ​ ​ ​ ​ ​
Renta-Davids et al. (2020) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias V ​ ​ ​ V ​ V ​ ​
Quality rating + ​ ​ ​ + ​ ? ​ ​
GRADE H ​ ​ ​ H ​ M ​ ​
Risopoulos-Pichler et al. 

(2020)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ ​ ​ V ​ ​
Quality rating ​ ​ ​ ​ ​ ​ + ​ ​
GRADE ​ ​ ​ ​ ​ ​ H ​ ​
Muñoz-Rodríguez et al. 

(2020)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias V ​ ​ ​ ​ ​ ​ ​ ​
Quality rating + ​ ​ ​ ​ ​ ​ ​ ​
Valderrama-Hernández et al. 

(2020)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ ​ ​ ​ ​ ​
Quality rating ​ ​ ​ ​ ​ ​ ​ ​ ​
Sánchez-Carracedo, Sabate, 

et al., 2021)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias V ​ ​ ​ V ​ V ​ ​
Quality rating + ​ ​ ​ + ​ + ​ ​
Fuertes-Camacho et al. 

(2019)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ ​ ​ ​ ​ ​
Quality rating ​ ​ ​ ​ ​ ​ ​ ​ ​
Sánchez-Carracedo et al. 

(2022)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ ​ ​ V ​ ​
Quality rating ​ ​ ​ ​ ​ ​ + ​ ​
GRADE H ​ ​ ​ H ​ H ​ ​
Sánchez-Carracedo, et al. 

(2021)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ V ​ V ​ ​
Quality rating ​ ​ ​ ​ + ​ ? ​ ​
Sánchez-Carracedo et al. 

(2021)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ V ​ V ​ ​
Quality rating ​ ​ ​ ​ + ​ + ​ ​
Albareda-Tiana et al. (2024) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias ​ ​ ​ ​ ​ ​ ​ ​ ​
Quality rating ​ ​ ​ ​ ​ ​ ​ ​ ​
GRADE ​ ​ ​ ​ H ​ M ​ ​
Martínez Casanovas et al. 

(2022)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias ​ ​ ​ ​ A ​ ​ ​ ​
Quality rating ​ ​ ​ ​ ? ​ ​ ​ ​
GRADE ​ ​ ​ ​ M ​ ​ ​ ​

(continued on next page)

E. Sinakou and M. Daskolia                                                                                                                                                                                                                  Studies in Educational Evaluation 89 (2026) 101609 

11 



Casanovas et al., 2022; Muñoz-Rodríguez et al., 2020; Renta-Davids 
et al., 2020; Risopoulos-Pichler et al., 2020; Sánchez-Carracedo et al., 
2022; Sánchez-Carracedo et al., 2021; Sánchez-Carracedo, Sabate, et al., 
Sabate, et al., 2021, 2021; Valderrama-Hernández et al., 2020). In 
contrast, Remington and colleagues investigated the effects of a sus
tainability course on students’ key sustainability competences (KSCs) 
while explicitly considering the responsiveness of their instrument—
that is, its ability to detect change over time in the construct being 
measured ( Mokkink et al., 2021). Responsiveness is regarded as an 
aspect of an instrument’s longitudinal validity (Mokkink et al., 2021). In 
Remington-Doucette et al. (2013), students’ (a) systems-thinking 
competence and (b) normative and strategic competence scores 
(treated collectively in that study) were assessed at the beginning and 
end of the semester. In Remington-Doucette and Musgrove (2015), the 
researchers examined systems-thinking, anticipatory, normative, stra
tegic, and interpersonal competences over time. Across both studies, 
paired-sample t-tests indicated increases in competence scores, with 
mean gains ranging from 0.14 to 0.76 and moderate-to-large effect sizes 
(h² = 0.10–0.44) (Cohen, 2013). The methodological quality of these 
studies was rated as very good, and their designs were considered suffi
cient to support the reported outcomes.

5. Discussion

In this study, we made use of the Sustainability Research and 
Problem-Solving Framework to explore the methodologies, methods, 
and instruments HESD scholars use to assess the Key Sustainability 
Competences of university students. This frameworks functions as an 
interpretation lens in this study, not a passive backdrop. The framework 
supports the formulation of research questions around problem defini
tion, informs the development of KSCs assessment instruments, and es
tablishes normative benchmarks that determine evidence as legitimate 
progress toward Sustainable Development solutions. Finally, it imposes 
constraints on data-collection decisions, thereby directing the empirical 
trajectory in accordance with the theoretical framework.

We found that HESD research employs a broad spectrum of 

methodologies, methods, and instruments for that purpose. The majority 
of the researchers report on quantitative approaches (i.e., scaled 
assessment instruments often in conjunction with a rubric) to measure 
and assess the KSCs of university students. Qualitative approaches, i.e., 
semi-structured interviews, role-playing, written course assignments, 
and reflective learning journals, or mixed-method approaches, such as 
course evaluations, vignette surveys, or self-assessment rubrics com
bined with a reflective essay, are only sporadically used.

The methodologies, methods, and instruments used have strengths as 
well as weaknesses. The selection of a particular methodology, method 
or instrument depends on several factors, e.g., the purpose of the 
assessment. For instance, scaled assessment instruments are considered 
convenient for summative assessments. As Cebrian, and Segalas, and 
Hernandez (2019) also found, despite many studies incorporating as
pects of formative assessments, most research measures students’ KSCs 
for summative purposes. Even when students assess their own KSCs at 
the beginning of a course, they are not actively involved in the devel
opment of the course. As Valdes-Ramirez et al. (2024) note, these initial 
assessments indicate the non-presence of KSCs. This suggests that tutors 
should help their students cultivate them through their ESD teaching 
(Valdes-Ramirez et al. (2024)). However, students need to reflect on 
their own learning experience and assessment (Holt & Willard-Holt, 
2000).

Performance-based assessment is more closely aligned with compe
tence frameworks because it operationalises competence as demon
strated, context-sensitive capability—namely, the observable 
mobilisation of knowledge, skills, and values in authentic tasks—
whereas self-report instruments primarily capture perceived compe
tence and related dispositions, which are vulnerable to systematic bias 
and provide only indirect evidence of enacted performance. To this re
gard, we need to design instruments that prompt students to actively 
demonstrate their KSCs while providing supporting evidence. This 
process requires students to holistically mobilize their knowledge, skills, 
and attitudes to deliver optimal solutions for particular scenarios 
(Renta-Davids et al., 2020). Authentic assessment of KSCs involves 
students themselves, who indeed are uniquely positioned to articulate 

Table 3 (continued )

Reports Reliability Validity

Baena-Morales, 
García-Taibo, et al. (2023)

​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias V ​ ​ ​ V ​ ​ ​ ​
Quality rating + ​ ​ ​ + ​ ​ ​ ​
Baena-Morales, 

Urrea-Solano, et al. (2023)
​ ​ ​ ​ ​ ​ ​ ​ ​

Risk of bias V ​ ​ ​ V ​ ​ ​ ​
Quality rating + ​ ​ ​ + ​ ​ ​ ​
GRADE H ​ ​ ​ H ​ ​ ​ ​
Hyytinen et al. (2023) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias ​ ​ ​ ​ V ​ A ​ ​
Quality rating ​ ​ ​ ​ + ​ ? ​ ​
GRADE ​ ​ ​ ​ H ​ L ​ ​
Xiao et al. (2024) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias V ​ ​ ​ ​ ​ A ​ ​
Quality rating + ​ ​ ​ ​ ​ + ​ ​
GRADE H ​ ​ ​ ​ ​ M ​ ​
Chaikovska et al. (2024) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias ​ ​ ​ ​ V ​ ​ ​ ​
Quality rating ​ ​ ​ ​ + ​ ​ ​ ​
GRADE ​ ​ ​ ​ H ​ ​ ​ ​
Kioupi (2025) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias ​ ​ ​ ​ ​ ​ ​ ​ ​
Quality rating ​ ​ ​ ​ ​ ​ ​ ​ ​
GRADE ​ ​ ​ ​ ​ ​ ​ ​ ​
Annelin (2026) ​ ​ ​ ​ ​ ​ ​ ​ ​
Risk of bias V ​ ​ ​ V ​ V ​ ​
Quality rating + ​ ​ ​ + ​ + ​ ​
GRADE H ​ ​ ​ H ​ H ​ ​

Note. Reports with the same instruments are grouped together. Risk of bias: (V) very good, (A) adequate, (D) doubtful, (I) inadequate. Quality rating: (+) sufficient, (?) 
indeterminate, (-) insufficient. GRADE: (H) high, (M) moderate, (L) low, (VL) very low.
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their own competences (Kioupi, 2025). The KSCs, as framed by 
(Brundiers et al., 2021; Redman et al., 2021; Wiek et al, 2011, 2016) 
emphasise problem solving, higher-order thinking, and reasoning on 
sustainability real-life problems. Performance can be assessed either 
through the final product generated by students or through observation 
of the performance process, which requires implementation and the 
application of task-relevant knowledge and skills (Yılmaz, 2024). Stu
dents’ performance can be evaluated against predetermined criteria 
(Daas et al., 2016). In a holistic rubric, the evaluator provides an overall 
judgment of performance quality, whereas in an analytic rubric, evalu
ators score each task criterion independently, enabling a clearer iden
tification of pupils’ strengths and learning needs (Yılmaz, 2024).

The scaled assessment instruments, as proven by this study but also 
by Redman et al. (2021), are the most frequently instruments for KSC 
assessment. Nevertheless, we found that many of the applied in
struments do not report psychometrics properties or a clear procedure 
for determining them. Quite often, the instruments are not pilot-tested, 
and details about the sample or the instrument itself are not given, 
either. In most cases, the authors report only a small subset of psycho
metric features of the instruments, leaving many key properties unre
ported. When such information was provided, it was typically supported 
by high-certainty evidence (GRADE). This limited evidence bases of the 
instruments the HESD research community without reliable and valid 
instruments. Moreover, the published instruments are used in a small 
number of studies (typically one or two). This does not help the vali
dation and use of the instrument.

Among the measurement properties proposed by COSMIN—reli
ability (internal consistency, inter-/intra-rater reliability, test–retest 
reliability, and measurement error), validity (content validity, criterion 
validity, and construct validity, including structural validity and cross- 
cultural validity/measurement invariance), and responsive
ness—authors most frequently reported internal consistency, content 
validity, and structural validity. These properties are indeed central to 
establishing an instrument’s reliability and validity when quantifying 
theoretical constructs (Gray et al., 2019; Hajjar, 2018). However, con
tent validity—i.e., the extent to which items adequately represent the 
construct—typically relies on expert judgement rather than statistical 
evidence (Kline, 2023). Moreover, most scales used a single reliability 
indicator, usually Cronbach’s alpha; yet alpha is a lower-bound estimate 
and may underestimate true score reliability (Sijtsma, 2009). Reliability 
should therefore be examined using two or more complementary 
indices, such as composite reliability, McDonald’s omega (ω), inter-item 
correlations, and item–total correlations. Finally, Rasch analysis was 
employed less frequently than factor-analytic approaches across the 
reviewed scales. Because Rasch analysis and factor analysis are com
plementary, their combined use can strengthen instrument development 
and enable a more nuanced interpretation of psychometric evidence 
(Richardson, 2005). We, therefore, argue for the careful development, 
validation, and reporting of instruments used to measure KSCs. The 
authors should also justify their methodological choices (Redman et al., 
2021).

KSCs are seen as integrated, multidimensional, and performance- 
oriented capabilities implemented within specific contexts (Wiek 
et al., 2011, 2016; Brundiers et al., 2021). To this sense, vignette-based 
designs that incorporate realistic scenarios and stimulate students' 
reasoning (and, when feasible, their intended actions) may offer a more 
accurate reflection of KSC assessment compared to decontextualised 
self-report measures. We advocate for the increased implementation of 
authentic performance tasks—such as projects, simulations, portfolios, 
or role-playing—coupled with rubric-based assessment to effectively 
capture integrated sustainability problem-solving. Performance obser
vation allows an expert to evaluate the students’ KSCs in context while 
also capture unexpected occurrences.

While performance -based approaches can be efficient measurement 
method, policy institutions often favor quantitative data to be able to 
evaluate potential advancements (Giangrande et al., 2019). 

Nonetheless, Likert-type self-report instruments are vulnerable to social 
desirability bias and may reflect perceptions rather than actual KSCs. 
The overwhelming majority of the identified instruments examines 
students’ self-perceptions as to their KSCs. Only one study (Hyytinen 
et al., 2023) focused on students’ perceived interest in KSCs. Matthias 
Barth (2011) underscores that university students’ perceptions of 
sustainability-related tasks do not necessarily align with their actual 
performance. This suggests a potential gap between intended and 
enacted behaviors of students. Context-specific constraints, such as 
interdisciplinary complexities and institutional barriers, may impede 
the enactment of students’ perceptions (Barth, 2011; Braßler & 
Sprenger, 2021).

Also, none of the reported instruments explicitly measure the meta- 
competence or integrated problem-solving competence. This gap has 
also been identified by Annelin and Boström (2022), who note that 
limited research has addressed how these competences can be assessed. 
This may be due to the fact that integrated competences cannot be 
effectively captured through exclusively quantitative methodologies, 
which dominate KSC measurement; instead, qualitative approaches can 
better reveal the complex interrelations among competences in open and 
context-sensitive ways (Macchi Silva & Ribeiro, 2021).

The implementation of a single method to measure the KSCs of 
university students may introduce bias. Employing a wide range of 
methods helps us gain a more holistic overview of KSCs cultivation 
among students (Cebrian & Segalas, & Hernandez, 2019; Ssossé et al., 
2021; Valderrama-Hernández et al., 2020). Mixed-method methodolo
gies allow us to gather data from different aspects of the same phe
nomenon, to use one method to build the next one, and finally, to 
triangulate the results (Annelin, 2026; Cebrian & Cebrián, 2019; Kioupi, 
2025; Ssossé et al., 2021).

The development, application, and validation of appropriate 
assessment instruments to measure students' KSCs remain an enormous 
challenge due to both the complex nature of sustainability and the 
intricate notion of competence (Mulà et al., 2022; Sandri et al., 2018). 
To overcome these difficulties, instruments should be easily under
standable for the respondents. The terms used should be unequivocal to 
the reader and the statements or scenarios contextualized (Sandri et al., 
2018). Non-response represents another major threat for data collection 
(Lozano & Barreiro-Gen, 2021). Making instruments accessible to the 
respondents will help minimize this treat. Annelin and Boström (2022)
advocate for an instrument (probably a scale) to measure the KSCs of 
university students across disciplines. Consequently, we need to develop 
and validate an instrument that will be user-friendly for university 
students and facilitate the data analysis through multiple 
methodologies.

Yet, the choice of research methodologies, methods, and instruments 
should be tailored to the purpose of the assessment. When assessment is 
intended to inform quality assurance and strategic planning, scalable 
instruments can support comparisons across disciplines and cohorts. In 
such cases, it is useful to capture not only students’ perceptions of their 
thinking and actions, but also relevant aspects of teaching and learning 
activities; scaled instruments may therefore be complemented with 
performance-based approaches (e.g., reflective journals and rubric- 
guided evaluation). For curriculum and programme evaluation, rubric- 
based assessments, vignette-based instruments, and other performance 
tasks—applied, for example, at the beginning and end of a study pro
gramme—can be used to examine learning outcomes, including stu
dents’ KSC development, and to enable comparisons across programmes 
and disciplines. At the classroom level, where assessment is typically 
formative, vignette-based prompts, reflective journals, peer assessment, 
and rubric-based feedback can provide richer insights into students’ 
reasoning and actions in relation to sustainable development issues.

5.1. Limitations and future research

In this review, we have specifically focused on the following terms: 
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“competence” and “competency”. While HESD literature considers a 
range of similar terms such as “capabilities”, “skills”, “literacy”, “abili
ties”, “attributes”, and “learning outcomes” (e.g., Sterling et al., 2017), 
we have chosen to adhere to “Key Sustainability Competences” (KSCs). 
This lies on the fact that there is a growing body of HESD research 
focusing explicitly on KSCs. Sterling et al. (2017) observed that 
“competence” or “competency” was used in the majority of the reports 
they studied. We acknowledge that this specific focus may impose 
certain limitations such as potentially overlooking studies that use 
similar research instruments but different terminology. Additionally, we 
did not include methodologies and instruments designed to measure 
each KSC individually. Future research could also consider these studies.

As this review demonstrates, there is an increasing body of research 
in the field of HESD that empirically investigates university students’ 
KSCs. The most frequently examined KSCs—systems-thinking, norma
tive, strategic, and interpersonal competence—are typically measured 
using multi-item scales, with separate item sets for each competence. In 
contrast, the competences more recently added to the frame
work—intrapersonal competence, transdisciplinary competence, meta- 
competence and implementation competence—are assessed only 
rarely (e.g., intrapersonal competence) or not at all. Given that the 
Sustainability Research and Problem-Solving Framework sees KSCs as 
integrated and thus, instruments should assess them not in isolated 
scales but in an integrated manner, as well. Further research will allow 
us to examine whether the Sustainability Research and Problem-solving 
Framework can be effectively used to improve university students’ KSCs. 
Empirical evidence will help us validate or potentially refine the Sus
tainability Research and Problem-solving Framework. Future research 
should examine the validity of vignette-based and performance-based 
assessments in comparison to self-report measures. Moreover, HESD 
research should test the measurement invariance and cross-cultural 
validity of these instruments across disciplines and educational con
texts. Finally, intervention designs are needed to test the potential of the 
instruments to capture KSCs development over time.

6. Conclusion

This systematic literature review offers a comprehensive synthesis of 
the methodologies, methods, and instruments used to measure the Key 
Sustainability Competences (KSCs) of university students. The review 
reveals that HESD researchers employ a broad range of methodologies, 
methods, and instruments for that purpose. Quantitative approaches 
(particularly scaled instruments) are favored over qualitative or mixed- 
method ones. These scaled instruments are primarily used for summa
tive assessment purposes. The psychometric properties of these in
struments are sometimes not reported, hindering readers from 
evaluating their quality. While the number of assessment instruments is 
growing, more empirical research is critically needed to establish which 
of them are reliable, valid, convenient to use, and useful for drawing 
conclusions.

CRediT authorship contribution statement

Maria Daskolia: Writing – review & editing, Writing – original draft, 
Supervision, Methodology, Investigation, Data curation, Conceptuali
zation. Eleni Sinakou: Writing – review & editing, Writing – original 
draft, Methodology, Investigation, Formal analysis, Data curation, 
Conceptualization.

Appendix A. Supporting information

Supplementary data associated with this article can be found in the 
online version at doi:10.1016/j.stueduc.2026.101609.

References
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