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This study aims to develop and validate a comprehensive scale for assessing students’ Received 5 October 2023
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Following a three-phase procedure proposed by Boateng et al., the study utilized
qualitative and quantitative methods to develop and validate the scale. The scale was Education for sustainable
administered to 708 students participating in an extracurricular eTournament on development; sustainability
Sustainable Development Goals organized by a Hong Kong university. The validation competence; assessment
process involved expert panels, cognitive interviews, factor analyses, and assessments tool; scale development
of internal consistency. Using Wiek et al.'s five-competence framework, 16 ESD learn- and validation;

ing outcomes were generated, forming the basis for the scale items. The survey extracurricular activities
included a mini-scenario introduction to enable students’ evaluation of sustainability
practices, even with limited experience. Data analysis revealed a four-factor structure
that could be both distinguished and integrated under a single upper-level factor. The Curriculum & Instruction
scale is developed with the aim to better measuring tertiary students’ sustainability The Education Universit); of
competence via a holistic and integrated approach, which completes the constructive Hong Kong, Hong Kong
alignment of current ESD, particularly in extracurricular settings.
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Introduction

Higher education is considered the engine of human society’s sustainable development, as it nurtures a
capable labor force and responsible citizens (Waltner et al., 2019). When universities and colleges explore
pathways to sustainable development, emerging courses and programs define ESD as educational initia-
tives that encourage changes in knowledge, skills, values, and attitudes to help students think and
behave in ways fostering a more sustainable and just society for all (Blessinger et al., 2018). Since the
1990s, ESD has been implemented across macro (e.g. national) to micro (e.g. classroom) levels towards a
more generic, holistic,c and integrated paradigm, which emphasizes competencies cultivation and
demands better design and delivery.

Extant ESD literature endeavored to define educational competencies and conceptualize relevant ped-
agogies. There has been increasing attention on measuring the effectiveness of ESD, despite the tool
development is still in its infancy — mostly with vague or ill-defined learning objectives and a lack of
connections across studies or measured competencies (Redman et al., 2021). To address these insuffi-
ciencies, the present research develops and validates a scaled self-assessment tool to measure students’
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sustainability competence, drawing on the strengths and weaknesses of existing ESD assessment instru-
ments. The goal is to provide a holistic and integrated approach to evaluating the effectiveness of ESD,
particularly in extracurricular settings. This also aims to enhance the ongoing advocacy for evidence-
based evaluation of various ESD programs by strengthening the alignment between learning outcomes,
teaching and learning methods, and assessment methods.

This paper starts with a literature review of the competency-based approach and constructive align-
ment of ESD. The data and methodology section outlines the three-phase process of nine steps pro-
posed for scale development and validation. Finally, the results section discusses the content validity,
construct validity, and confirmatory factor analysis of the Sustainability Competence Scale, leading to
conclusions and implications for future research.

Literature review

Since the first action plan, Agenda 21, identified education as essential for achieving sustainability, vari-
ous ESD initiatives at the tertiary level have been tremendously boosting. Due to the COVID-19, the glo-
bal higher education sector has had to radically adjust their strategies in building sustainable
institutions, which are typically linked with UN’s blueprints (e.g. SDGs), to make them more adaptable to
the post-pandemic new normal of tertiary teaching and learning (Crawford & Cifuentes-Faura, 2022).
During this transformation, the conventional content-based approach, caring about what sustainability-
related knowledge is learned (e.g. Cifuentes-Faura & Noguera-Méndez, 2023; Lafuente-Lechuga et al.,
2024; Waltner et al, 2019), and has gradually extended to a paradigm centered around attributes
(Blessinger et al., 2018). The focus has shifted towards the growth of students’ competencies, which
encompass a complex combination of knowledge, skills, values, attitudes, and desire, leading to effective
and embodied human action for specific goals (Crick, 2008; Weinert, 2001). This section includes two
sub-sections. Literature on competency-based approaches to ESD at the tertiary level was firstly
reviewed, emphasizing the five-competence framework proposed by Wiek et al. (2011). It then addresses
insufficiencies in constructive alignment of ESD, highlighting the need for improved assessment tools.

A competency-based approach to ESD: from generic and holistic to integrated

Competencies concerned in ESD evolved from isolated generic competencies measured by large-scale
benchmarking assessments to those tailored for sustainability sciences (education), with their compre-
hensiveness and integratedness increasingly emphasized. This section reviews the evolution of compe-
tency-based approach to ESD. It later shines the spotlight on a five-competence framework in
sustainability by Wiek et al. (2011), underpinning our developing extracurricular ESD’s learning outcomes,
scale subconstructs, and thereof items.

Competencies from large-scale benchmarking assessments have long been adopted to frame and
guide ESD. Taking the Project of Definition and Selection of Competencies as an instance, OECD stated
that sustainable development, as the common values anchor of human societies, depends critically on
the competencies related to ‘economic and social benefits’, applicable ‘in a wide spectrum of contexts’,
and aspired by ‘all individuals’ (OECD, 2005, p. 7). Accordingly, transferable and generic competencies
were identified as the key to realizing individuals’ and communities’ sustainability, which embrace three-
fold — acting autonomously within a collective and diachronic context, relating to and cooperating with
heterogeneous others, and using tools (language, information, technology) interactively. These key gen-
eric competencies are rather abstract, allowing distinct interpretations according to different initiatives’
objectives and features. Operationally, their cognitive aspects related to knowledge acquisition and infor-
mation processing are easier to capture and, therefore, widely adopted (e.g. Taimur & Sattar, 2019). An
increasing voice of adjusting ESD dominated by cognitive dispositions emerged, advocating including
non-cognitive (values, attitudes, and affects) and behavioral dispositions to meet complex and holistic
demands of sustainable development (Ridgeway, 2001).

Given many cognitive competencies substantially influence behaviors through emotion or desire
(Fischer & Barth, 2014), a sound ESD should roundly address ‘What students know’ about sustainability,
‘what skills they have to put this knowledge to use’, and, more importantly, ‘what they choose to do
with the knowledge and skills’ when encountering sustainability issues (Shephard et al., 2015, p. 857).
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Accordingly, Fischer and Barth (2014) referred to the Definition and Selection of Competencies project’s
threefold competency categorization and defined a comprehensive list of seven generic competencies
enabling sustainable consumption. Specifically, for the first category, acting autonomously, competencies
to reflect on individual needs and cultural orientations, and to plan, implement, and evaluate consump-
tion-related activities are essential for individuals. Regarding the second category, interacting in hetero-
geneous groups, individuals must critically act as active stakeholders with the agency for change,
necessitating the ability to communicate sustainability ideas. For the third category of interactively using
tools, individuals need to be able to use, edit, and share different forms of knowledge effectively and
reliably, which nowadays is significantly facilitated by information technologies. Besides, future-oriented
and interrelated thinking play critical roles in shaping future sustainability. In this work, Fischer and
Barth (2014) emphasized the generic and holistic nature of the competency-based approach to ESD -
transcending the boundaries of meeting domain-specific requirements and facilitating individuals’
engagement with more fundamental values and overall opportunities to live a sustainable life. However,
it leaves those competencies parallel and disconnected, which did not address an earlier criticism on the
“laundry list” of sustainability competencies without conceptually embedded interlinks (Wiek et al., 2011,
p. 205). Therefore, more endeavors are imperative to examine competencies’ interconnection and con-
vergent effects on sustainability practices.

With the efforts to encompass values, cognition, and actions, the European Union has developed a
framework of sustainability competence known as GreenComp in 2022. This framework focuses on four
key areas: embodying sustainability values, embracing complexity in sustainability, envisioning sustain-
able futures, and acting for sustainability (European Commission, Joint Research Centre, 2022). Among
the twelve competences proposed, while GreenComp includes competencies specifically related to sus-
tainability, such as promoting nature and futures literacy, as well as conventional generic competencies
like critical thinking and exploratory thinking. However, this framework was primarily structured under
the concept of ‘learning for environmental sustainability’ (European Commission, Joint Research Centre,
2022, p. 13). This focus limits its applicability to educational programs that target sustainability chal-
lenges more related to economic or social aspects.

In order to tackle ill-defined and complicated sustainability issues, emerging sustainability initiatives
expect students to grow into future problem solvers, change agents, and transition managers (Loorbach
& Rotmans, 2006; McArthur & Sachs, 2009; Orr, 2002; Rowe, 2007; Willard et al.,, 2010). In response to
this call for problem-driven and solution-oriented ESD, Wiek et al. (2011) proposed an overarching com-
petence - Sustainability Research and Problem-solving, which integrates five competencies not focused
on by traditional education but specially attended to in ESD (School of Sustainability at Arizona State
University, 2018).

The first competence, Systems Thinking, refers to the ability or skills to perform problem-solving in
complex sustainability systems comprising multiple domains (e.g. economic-environmental-societal,
local-global). Second, Future Thinking/anticipatory competence enables people to recognize how sustain-
ability problems evolve and craft rich pictures of future sustainability situations in an uncertain and
ambiguous world. Values Thinking/normative competence means the ability to collectively specify, apply,
reconcile, and negotiate sustainability values, principles, and goals. Strategic Thinking, as the most
action-oriented competence, demonstrates the ability to design and implement systemic interventions
and transformational actions towards sustainability. The last competence, cutting across the previous
four and linking sustainability competence with other generic competencies, is Interpersonal/
Collaboration competence, which refers to the ability to motivate, enable, and facilitate collaborative and
participatory problem-solving towards sustainability.

Wiek et al.'s five-competence framework contributes to the field of ESD by covering a comprehensive
list of generic competencies and, more significantly, emphasizing the interconnected and co-dependent
nature of the sustainability competence system (Fischer & Barth, 2014). Inherently, each competence’s
cognitive and non-cognitive dispositions co-dependently define and differentiate it from other ‘regular’
academic and basic competencies. Interrelatedly, the composition of five competencies helps understand
and respond to different sustainability challenges via diachronic (past, present, and future), systemic
(parts-whole), multidimensional (self-others and individual-collective), and cross-domain (local-global,
economic-environmental-societal, and commitment-action) interplays (Lambrechts, 2019; Wiek et al,
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2011). This generic, holistic, and connected framework has been widely applied to design ESD at the ter-
tiary level, making it suitable for guiding our constructing the intended learning outcomes and scale
development. While extant literature mainly applies this framework in formal curricula (e.g. School of
Sustainability at Arizona State University, 2018; Wiek et al., 2011) or co-curricular programs (e.g. Savage
et al,, 2015), the present study particularly examines its applicability in an extracurricular setting.

Insufficiencies in the constructive alignment of ESD

While these sustainability competencies were embodied in ESD learning outcomes, referring to different
programs’ positioning and objectives (e.g. Brandt et al., 2019), and various pedagogical innovations have
been conceptualized for sharing and generalization (e.g. Barth & Burandt, 2013), the practice and
research about assessment methods are still underdeveloped (Grosseck et al., 2019). According to the
principle of ‘constructive alignment’ by Biggs and Tang (2011), teaching, led by clearly stated outcomes
and delivered through well-designed activities, also requires valid assessment tasks to accurately judge
how well outcomes have been attained. In this sense, assessment of learning outcomes is perceived as a
‘gap’ in constructively aligned ESD (Redman et al, 2021, p.118), Valid tools are urgently needed to
ensure that ESD is aligned with the desired direction of student development (Fischer & Barth, 2014).

In response to the need for optimized ESD assessment, Redman et al. (2021) critically reviewed 75
studies to examine the instruments in use. They proposed a typology of eight tool types and summar-
ized their key features, strengths, and weaknesses. This review also identified five common flaws in exist-
ing ESD assessment tools, namely (1) an ‘apparent afterthought’ tendency (p. 127), (2) lacking
agreement on learning outcomes, (3) little linkage across research efforts, (4) insufficient consideration
on the choice of tool per se, and (5) stopping at actual tool development. Rather than being completely
separated, these aspects are mutually influenced. These flaws limit the applicability and compatibility of
these tools with other instruments used in contemporary sustainability and its education; however, these
insufficiencies also direct our research endeavors to develop a valid assessment tool for ESD.

This study aims to develop a valid assessment tool for ESD by creating a self-assessed Sustainability
Competence Scale for tertiary students from post-secondary institutions, including universities (under-
graduate and postgraduate), colleges, polytechnic institutes, and vocational schools. The self-assessment
scale was chosen for its convenience in administration and data collection for statistical analysis
(Redman et al.,, 2021). Nevertheless, it cannot be denied that students may interpret the prompt and
concerned competencies differently (Cebrian et al., 2019). They were also suspected to be unable to rate
their capability in sustainability activities they seldom practice (Holdsworth et al.,, 2018). Taking these
constraints into account, we aim to answer four research questions in this study of scale development
and validation:

1. What are the learning outcomes of ESD corresponding to the educational competencies of sustain-
ability at the tertiary level?

2. How does the self-assessment scale enable tertiary students’ explicit sense-making and conscious
rating?

3.  Whether the items fairly represent and relate to their respective competence and show an inte-
grated five-factor structure?

4. Does the scale show good internal consistency?

Data and methodology

This study obtained ethical approval from the Institutional Ethics Committee of the university. Before
engaging in the eTournament, participants were presented with an online informed consent form delin-
eating study objectives, procedures, and rights. Emphasizing voluntariness, participants provided demo-
graphic information upon enrollment. The informed consent form was prominently displayed on the
initial page of each survey, underscoring the study’s dedication to participant welfare, confidentiality,
and ethical research conduct. This approach ensured transparency and affirmed participants’ autonomy
in alignment with ethical standards.
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Figure 1. Flow chart of scale creation procedure. Note. Adapted from Boateng et al. (2018).

The scale development and validation generally follows the three-phase process of nine steps pro-
posed by Boateng et al. (2018): (I) item development, (ll) scale development, and (lll) scale evaluation,
with some steps combined and minor order change (Figure 1).

Phase I. Item development

Step 1. Identification of domain and item generation
As the basis of this scale, Wiek et al.'s (2011) five-competence framework was adopted. Learning out-
comes were firstly developed based on each competence’s definition and concerned variables/concepts.
To connect this scale with extant assessment studies, as Redman et al. (2021) suggested, most items
were generated from existing validated tools via a deductive method (Hinkin, 1995), with a small portion
of self-created ones (Table 1). Then, a preliminary 32-item Sustainability Competence Scale was drafted.
As shown in Table 1, the item number of the referenced scales. as well as the self-created items, were
included in the preliminary 32-item Sustainability Competence Scale.

Specifically, Systems Thinking competence addresses part-whole and part-part relationships of the
complex socio-ecological and technological system (Remington-Doucette et al., 2013). Students with
System Thinking competence are supposed to be able to:

LO1. identify the elements, actions, or sub-systems comprising the coupled sustainability system;
LO2. explain the part-whole interdependence and part-part interconnections; and
LO3. analyze the dynamics of the interconnections and interdependence in the sustainability system.

Accordingly, Moore et al.’s Scale of System Thinking (2011) was adopted. Despite being initially devel-
oped for continuous quality improvement in healthcare management, Moore et al.'s definition and the-
oretical dimensions of System Thinking were general enough to be transferred into sustainability.
Therefore, seven items were included with modifications to measure students’ ability related to concepts
of systems, problem ontologies, cause-effect chains, tipping effects, cascading effects, coupled domains
and sub-system, inertia, feedback, and so on (School of Sustainability at Arizona State University, 2018).

Future Thinking competence refers to the cognitive process of thinking about the future, which
addresses underlying concepts such as temporal terms, consistency and coherence, uncertainty and epi-
stemic status (possibility, probability, plausibility), path dependency and non-intervention features, qual-
ity criteria of visions, and risk and precaution (Wiek et al., 2011). Students with Future Thinking are
able to:

LOA4. explain the current situation of a given sustainability system;

LO5. synthesize the trends from the past to present and plausible pathways to different futures;
LO6. appraise relevant drivers and possible unintended consequences; and

LO7. depict a desired future of sustainability with justification.

Future thinking involves both semantic and episodic memories; for the latter, according to the practi-
ces in psychometrics, an essential indicator is specific autobiographical memory (Hallford et al., 2020);
therefore, Siew and Rahman (2019)’s scenario-based sustainability-related Future Thinking Written Test
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Table 1. Five competencies, learning outcomes, item sources, and samples from the first version.

Competence LO Item Generated & Source™** [tem No Sample
System Thinking (ST) LO_1 3,6 Systems Thinking Scale (Moore 7 STO1:
LO_2 11, 14,15, 18 et al,, 2011) I think it is crucial to
LO_3 20 understand how a
situation happens as a
result of a series of
actions.
Future Thinking (FT) LO_4 1 Future Thinking Test (Siew & 6 FTO5:
LO_5 2,4 Rahman, 2019) | can picture a preferable
LO_6 3 future of sustainability
LO_7 5 topic.
Values Thinking (VT) LO_8 Two items by Sustainable Entrepreneurship 6 VT02:
authors®, 14 Framework (Ploum et al., | understand the human-
LO_9 13, 15 2017) made system should not
LO_10 16 rule over the natural
system.
Strategic Thinking (StT) LO_11 21, 22 Sustainable Entrepreneurship 6 StTO01:
LO_12 23 Framework (Ploum et al., | know which stakeholders
LO_13 24, Two items by 2017) need to involve.
authors™*
Interpersonal (INT) LO_14 8, 11, 21 Interpersonal reactivity Index 7 INTO3:
(Davis, 1983) | try to understand my
LO_15 9,18, 20 Environnemental Communication partners better by
Scale (Kassing et al., 2010) imagining how things
LO_16 3 Empowering Leadership look from their

Questionnaire (Arnold et al.,

perspectives.

2000)

Note. *Based on the concepts of critical thinking and normative competence in sustainability science education (Komasinski & Ishimura,

2017); **based on the competency model for assessing strategic thinking — concept of Alignment (Goldman and Scott, 2016).

***Please note that the item numbers in Table 1 correspond to the original items from the respective reference scales, and do not reflect
the item numbers of our initial survey.

was adopted to create our scale’s second subconstruct. To make it compatible with the entire self-
assessed questionnaire, the original eleven open-ended tasks were modified and combined into six self-
assessed items.

For Values Thinking competence, taking relevant normative knowledge as prerequisites, it focuses on
the concepts such as trade-offs and ‘win-wins’ synergies, social-ecological integrity, etc. Accordingly, stu-
dents equipped with Values Thinking are able to:

LO8. judge the sustainability status of the concerned system with notions of justice, ethics, equity, and socio-
ecological integrity;

LO9. apply the norms, values, and principles of sustainability in daily practices; and

LO10. explain sustainability decisions from normative and ethical perspectives.

In this subconstruct, two sources were referred to for item generation: one is the Sustainable
Entrepreneurship Framework by Ploum et al. (2017), which was developed using data from higher edu-
cation and largely aligned with the present study’s perception of tertiary students as potential sustain-
ability change agents. Four items addressing normative competence were included, broadening the
scope from the commercial sector to more generic ones. In addition, the authors created two items
measuring the mastery of relevant normative notions and the relationship between natural and human-
made systems.

In the fourth subconstruct of Strategic Thinking competence, sustainability is oriented to solving ‘wick
problems’ and ‘getting things done’ (Wiek et al., 2011, p. 210). Strategic Thinking enables students to:

LO11. devise practical intervention towards sustainability, including milestones and goals, procedural steps,
hurdles, and resources;

LO12. execute the strategies by motivating and giving full play to pertinent stakeholders; and
LO13. reflect on the multidimensional, current-future, and sectoral-overall alignments for further optimization.

Accordingly, the four-item subscale of strategic management and action in the Sustainable
Entrepreneurship Framework (Ploum et al,, 2017) was adopted, concerning concepts like network and



COGENT EDUCATION 7

alliance, carriers and barriers, systemic intervention, transformative governance, intentionality, and effect-
iveness and efficacy. Besides, based on Goldman’s (2016) Behavioral Descriptions of Strategic Thinking
and the highlighted concept of ‘alignment’, two items were created to address the latent notions of
action programs, success factors, social learning, and adaptation and mitigation.

The last subscale, Interpersonal competence, measures the function of negotiation and solidarity and
leadership (attributes, styles, and techniques) in sustainability. Students with Interpersonal competence
are able to:

LO14. interpret different stakeholders’ diverse opinions on concerned sustainability practice;
LO15. facilitate stakeholders’ exchange of views, particularly in disagreement or conflict; and
LO16. integrate the plural perspectives in making sustainability decisions.

Since no instruments developed specifically for measuring Interpersonal competence in sustainability,
three scales were referred to. First, three items from the Environmental Communication Scale
(Kassing et al, 2010), initially validated to address tertiary students’ communication function and
participatory engagement (negotiation, mediation, and deliberation), were adopted with the applicability
broadened to overall sustainability. Second, Interpersonal Reactivity Index (Davis, 1983), validated
using undergraduate data, was introduced targeting the concepts of pluralism, empathy, and ethnocen-
trism in sustainability practices. Three items from its perspective-taking subconstruct (reverse items
excluded) were adopted to measure the tendency to spontaneously adopt others’ viewpoints; Last,
targeting participative decision-making in sustainability, one item from the Empower Leadership
Questionnaire (Arnold et al., 2000) was adopted to assess students’ behavior and techniques in sustain-
able leadership.

Step 2 - content validity and face validity

After drafting the items, an expert panel was assembled to examine each item’s content and face valid-
ity for content relevancy, representativeness, and readability. Four experts, PhDs from humanities, social
sciences, and engineering with prior academic experience in competence evaluation and ESD, were
invited to assess each item'’s relevance to Sustainability Research and Problem-solving by rating (1
means least relevant, 5 means most relevant) and suggest modifications.

A total of five-domain 32 items were developed based on the theoretical framework, referenced vali-
dated scales, and comments from the expert panel. Table 1 shows the total item numbers of the first
version and one sample item from each subscale. To keep coherence across (sub)scales, we asked
respondents to report using a Likert scale for all measures. Concerning cultural effects that since East
Asians tend to rate the mid-point (Chen et al, 1995) and interpret mixed words (both positive and
negative words) differently in earlier cross-cultural psychometrics studies, which resulted in relatively low
factor loadings (Wong et al., 2003), the authors decided to remove neutral options and reverse items. A
6-point Likert scale was decided, with 1 representing the least and 6 indicating the most agreement
with the items.

Phase Il - scale development

Step 3 - initial pre-testing

The first version of the Sustainability Competence Scale was distributed via Qualtrics for data collection
during the first five days of an SDG eTournament. 708 students mostly studying in Asia responded, as
depicted in Table 2. Despite no absolute consensus on a recommended sample size for factor analysis
(Boateng et al, 2018), most literature suggested 300 was a minimum acceptable size for validation.
Therefore, the 708 respondents of the initial pre-testing were sufficient for this step. An Exploratory
Factor Analysis (EFA) was carried out to extract factors.

Step 4 - cognitive interviews
Based on the initial pre-testing results, the authors decided to conduct cognitive interviews with four
respondents. The technique of verbal probing was adopted to keep the interviewees on the track during
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Table 2. Respondents’ demographics in the initial pre-testing.

N %

Gender

Female 479 67.7%

Male 229 32.3%
Regions of the institutions

Asia 690 97.5%

Non-Asia 18 2.5%
Level of study

Sub-degree 29 4.1%

Undergraduate 587 82.9%

Postgraduate 92 13.0%
Disciplines

Business 275 38.8%

Health and Social Sciences 167 23.6%

STEM 137 19.4%

Humanities 83 11.7%

Interdisciplinary 32 4.5%

Others 14 2.0%

the interview and dig out sufficient information about their cognitive process (Priede et al, 2013).
Respondents were invited to have face-to-face interviews individually. Probing questions on how to
interpret the abstract terms, search memories for relevant information, estimate responses, and provide
answers in the requested format were asked, corresponding to the four cognitive stages of comprehen-
sion, retrieval, judgment, and response (Willis, 2005). Each interview lasted around 1.5hours. At
post-interview design meetings, the authors discussed the interview findings in detail and reached a
consensus on item revisions to produce a second version Sustainability Competence Scale.

Step 5 - survey administration and sample size

For the second test, the second version scale was distributed to students who completed the
eTournament. Data were collected from 381 respondents through the identical mechanism to the first
trial, except ten days were reserved.

Steps 6 to 7 - extraction of factors and item reduction

The IBM SPSS 27 software was used to analyze the data in these two steps. EFA was used to reveal the
underlying structure using the two waves of data. The purpose of the first wave EFA was to explore a
five-factor structure; however, the results were unexpected. The second wave EFA attempted to assess
whether the structure would change after revisions led by cognitive interview findings. It also aimed to
determine the optimal number of factors that suited a collection of items. For this purpose, various ana-
lytical approaches, including Kaiser-Meyer-Olkin measure of sampling adequacy, extraction methods,
and types of rotations, were conducted to inform authors’ decisions. Both waves of data used the same
configuration.

According to results of the second wave EFA, inter-item correlation table, and Cronbach’s alpha
(o), items would be removed if it (1) cross-loads to more than one factor with its factor loading >.40; or
(2) only appears in a single factor with its factor loading <.40; or (3) demonstrates a weak inter-item
correlation.

Phase Il - scale evaluation

The IBM SPSS and Amos Graphics 27 software were used to analyze the data in this phase. It included
the EFA, CFA, and testing for reliability and validity.

Step 8 - tests of dimensionality

Following item reduction, CFA was conducted using the second wave data to confirm the factor struc-
ture. After identifying the underlying relationships between measured variables, it was also applied to
determine the dimensionality of a set of estimated parameters. To test the fitness of the data to the
hypothesized measurement model, fit indexes, including Root Mean Square Error of Approximation
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Table 3. Analysis methods for scale validity and reliability.

Indicator Analysis method

Face Validity Expert judges

Content Validity Expert judges; Cognitive interview with respondents
Construct Validity CFA; EFA

Internal Consistency Reliability o; CR

Convergent Validity CR; AVE

Discriminant Validity AVE; MSV

(RMSEA), Comparative Fit Index (CFl), and Standardized Root Mean Square Residual (SRMR), were
reported.

Step 9 - tests of reliability and validity

Scale scores for the reliability and validity tests were created using finalized items from the dimensional-
ity tests. The average of items in each subscale was used to calculate the scale scores. o and composite
reliability (CR) were adopted to assess the scales’ internal consistency. To evaluate discriminant and con-
vergent validity, each scale would be subjected to CFA to determine the CR, average variance extracted
(AVE), and maximum shared variance (MSV). Table 3 summarizes the indicators and analysis methods for
evaluating the scale reliability and validity in this study.

Results
Content validity

Expert judges affirmed that the items were relevant to and representative of the domain of
Sustainability Research and Problem-solving. Regarding the rating, four experts gave all 32 items with at
least 3/5; therefore, the authors decided to keep all. Ten items rated with 3 were further improved by
three means. First, three items had the issue of measuring more than one factor within a statement, ask-
ing students’ understanding of the notions per se and relation/interaction thereof (e.g. natural and
human-made systems and their ruling-over interplay). The original statements were modified by keeping
the latter as the variable to be measured, necessitating students’ comprehension of the terminologies
and higher-order thinking as the prerequisites. The second way to improve the content validity was
using explicit and consistent wording. Four items were developed with vague scope/subjects, using
phrases like ‘concerned system’ or ‘relevant topic’. This issue was intended to be addressed by adding
‘sustainability’ to clarify what is concerned or related; however, it was proven insufficient by cognitive
interview findings (will discuss more later). The last adjustment was to simplify the statement of three
items using complicated wording or redundant semantic phrases with plain language.

The next step was to analyze the data from the initial pre-testing. The EFA results indicated four
potential factor structures, one less than the five proposed in the original framework. Items of Values
Thinking and Strategic Thinking were loaded into a single factor (seen the section of Construct Validity).
The authors considered students’ incapability to understand and differentiate terminologies in the state-
ment as possible reasons for the two factors’ convergence. Therefore, we decided to have cognitive
interviews with the target population.

According to the responses from four invited interviewees, six aspects of the original items were
modified. The first was to add a scenario-based lead-in to help respondents contextualize sustainability
challenges. All four interviewees asked questions such as ‘what topic/project/issue’ even though
‘sustainability’ was added as suggested by the expert judges. The context of sustainability problem-
solving is quite vague given students did not have much experience, hindering their judgment. Since
this scale is designed to measure tertiary students’ competence, taking their cognition and experience
into account, the scenario was framed as a university project focusing on SDGs aimed to positively
impact the locality. The second adjustment was to make the illustrative prompt consistent for each sub-
scale. During the interviews, students asked for clarification on whether they were supposed to evaluate
their behaviors (i.e. actually consider/recognize/keep in mind or not) or the arguments about sustainabil-
ity. Therefore, each subscale was reviewed to confirm the subject of measurement, to which the same
question prompt was applied to keep respondents focusing on the distinct statement of each item as
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the concern. The third modification was to provide examples/explanations to those abstract notions/
terms. The fourth change was to adjust the word order within some statements or reorder some items
according to respondents’ normal cognitive logic (e.g. causal sequence, affirmation rather than double
negation); The fifth adjustment was to specify the scope, aspect, means, or quantity to facilitate
respondents to make judgments. The last improvement was to change the first version scale, with the
first and last options labeled, into fully-labeled ones. Students reported it was challenging to differenti-
ate the middle four options; as suggested by DeCastellarnau (2018), clarifying the labels made it easier
to make choices and positively impacts reliability. With these modifications, a second version scale was
produced.

Construct validity

Exploratory factor analysis

Two waves of EFA were conducted by using the Principal Axis method of extraction. Bartlett's test of
sphericity was significant (12 (496) = 14954.27, p<.001 in wave one; x2 (496) = 8811.49, p<.001 in
wave two). The Kaiser-Meyer-Olkin measure of sampling adequacy indicated that the strength of the
relationships among variables in both waves of data was high (.96). These tests indicate that the two
waves' data were appropriate for EFA. Initially, four-factor with eigenvalues greater than one were
extruded. A Promax rotation was performed since factors were expected to be correlated. Table 4 dis-
plays the pattern matrix of waves one and two with only factor loadings greater than .40 presented. As
shown in Table 5, with a high eigenvalue of 14.35 in wave one and 15.76 in wave two, the first factor
was robust. In two waves, the four factors together account for at least 60% of the total variance, which
is an acceptable explained variance (Watson, 2017). Nevertheless, even after the revisions informed by
cognitive interviews, the second EFA results showed that items of Values Thinking and Strategic
Thinking had a similar pattern that remained into a single factor.

Table 4. Pattern matrix for SC scale by using data and items from two waves.

Wave one Wave two
Factor loading Factor loading

Iltem 1 2 3 4 Iltem 1 2 3 4
StT102 .88 StT03 91
StT05 .79 StT02 .90
StT06 .78 StT01 .78
StT04 77 StT04 73
StT03 75 VT05 57
StT01 75 VT06 .56
VT05 .69 VT03 51
V106 .66 StT05 .50
V103 .61 StT06 .50
V104 .50 VT04 45
VT01 40 INTO5 40
INT02 81 INTO3 .86
INTO5 79 INTO7 .78
INTO3 77 INTO1 77
INTO4 75 INT02 77
INTO7 75 INTO4 73
INTO6 71 INTO6 .63
INTO1 .69 VT02
VT02 ST02 .79
ST05 77 ST03 .78
STO3 75 ST06 72
ST02 75 STO5 71
STO1 74 STO1 .60
ST06 .64 ST04 .60
ST04 .62 ST07 .55
ST07 .62 FT02 94
FT03 73 FTO1 .80
FT02 .69 FT04 .76
FTO1 .68 FTO3 75
FT04 48 FT06 .61
FTO5 43 FTO05 .60

FT06 40 V101
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Table 5. Eigenvalues, percent of variance, and o of two waves’ data.

Wave one Wave two
1 2 3 4 1 2 3 4
Eigenvalues 14.35 2.76 1.55 1.04 15.76 1.99 1.51 1.20
Variance (%) 44.86 8.63 485 3.24 49.26 6.21 472 3.74
o 93 91 .87 .89 94 91 .87 91

Overall, the EFA revealed that most items had loaded to the respective hypothesized factor, with only
three items (VT01, VT02, and INTO5 in Table 4) failing to load in any factor or having a small factor load-
ing, and, therefore, were removed. The authors combined the remaining items from Values Thinking
(VT03-06) and Strategic Thinking (StT01-06) and renamed the new subscale as ‘Value-driven Strategic
Thinking competence’ (VdStT). For following CFA, these four factors were considered subscales of the
Sustainability Competence Scale.

Confirmatory factor analysis
To confirm the four-factor structure suggested by two-wave EFA results, a CFA for First-Order model was
conducted by using the second wave data. The current study did not have any missing data and used
the Standard Maximum Likelihood Estimation for CFA. Figure 2 illustrates the final diagram with signifi-
cant coefficients. Upon fitting the study data, the results of the CFA exhibited an excellent fit - all the
regression models were significant (p < .01, t > 2.33) followed by the criteria proposed by Kline (1998).
The First-Order CFA results inform an interdependent relationship among these factors, with a possi-
bility that each factor is partially weighing a higher-level latent factor - Sustainability Research and
Problem-solving competence. Therefore, another CFA for Second-Order model was carried out. Figure 3
depicts the Second-Order CFA results, whereas Table 6 compares two model fit-indices. Most of the
model fit-indices did not show differences, and the y? value for the first model is only slightly smaller
than the second one. A Chi-square difference test (CDT) then verified that this difference is not signifi-
cant (3° (2) = 6.02, p=.05) in terms of their fit.

Final version of the scale

After the steps of factors extraction, item reduction, and tests of dimensionality, a 29-item scale was
finalized (Supplementary Appendix A1).

Internal consistency reliability, convergent and discriminant validity

Since no difference observed between the First and Second-Order models, the following validity and reli-
ability testing were conducted by using the First-Order model for convenience. The CR and o indicated
that the scale was reliable (>.70). The convergent and divergent validity testing results show acceptable
CR and AVE. Convergent validity presented in the study as the CR for the construct was greater than .70
and the AVE was greater than .50 (Fornell & Larcker, 1981). However, the AVE values of the constructs
were lower than the MSV, raising concerns about discriminant validity (Table 7).

While earlier work recommended multiple methods must be employed in the (discriminant) validation
process (Ronkko & Cho, 2022), this study adopted two alternatives to further test the discriminant valid-
ity. One was inter-factor correlation (IFC). As presented in Table 8, the final version scale showed that
the factors were positively correlated (r = .58 to .78; p < .0001) in acceptable range (r <.85). The other
angle was to perform a CDT (Zait & Bertea, 2011). We examined two models (Table 9) - one indicates
zero factor correlation while another indicates the free correlation between factors. The difference in
test results was significant (x2 (6) = 920.06, p <.001), indicating these factors present discriminant valid-
ity. Therefore, based on the IFC and CDT results, we argue the final version scale demonstrates satisfac-
tory discriminant validity, despite the concerns raised according to Fornell and Larcker’s criteria (1981).
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Figure 2. CFA for the four-factor structure of the Sustainability Competence Scale.

Discussion and conclusions

This study developed and validated a scale measuring the sustainability competence of tertiary students,
based on the widely-adopted framework by Wiek et al. (2011). The five competencies of concern, namely
Systems Thinking, Future Thinking, Values Thinking, Strategic Thinking, and Interpersonal Competence,
were refined and canvassed by referring to the extant sustainability literature and contextualized in the
field of ESD. Adopting a competency-based approach, 16 intended learning outcomes of ESD were devel-
oped to operationalize the assessment of tertiary students’ sustainability competence in an extracurricular
setting. Accordingly, most items of this scale were extracted from existing validated tools with modifica-
tions; other items were self-drafted if no suitable scales were available to address specific learning out-
comes. Expert judges confirmed the relevance of these items in addressing sustainability challenges.

This Sustainability Competence Scale was created with a particular intention to enable explicit sense-
making and conscious rating of tertiary students on sustainability practices, even if they have limited
experience in this area. The scale development procedure followed the rationale of scenario-based
assessment, where students are presented with a hypothetical situation and required to apply their
knowledge accordingly (Din & Jabeen, 2014). Throughout the development procedure, the authors
aimed to balance the context details and the cognitive efforts from respondents. Two trials were
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Table 6. The fit-indices of the proposed two models.
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Model o df 1/df L NFI CFI IFI RMSEA SRMR
First-order 730.98 361 2.03 95 91 95 95 .05 04
Second-order 737.00 363 2.03 95 91 .95 .95 .05 .04
Table 7. Reliability and validity for the final version scale.

Construct Items No X s o CR AVE MSV
ST 7 5.06 70 87 88 .50 53
FT 6 4.83 79 91 .90 .61 73
VdStT 10 492 71 94 94 .59 73
INT 6 5.10 73 91 91 63 69

conducted to refine the scale. In the first trial, the technique of mini-scenario was applied as a lead-in of
the questionnaire, to transfer those abstract comprehension questions into a concrete situation with a
problem to solve, a goal to fulfil, and a scope to image (Tucker, 2019). Cognitive interview results con-
firmed the effectiveness of this trial in enhancing the clarity of the items. The other trial focused on
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Table 8. IFC of the final version scale.

Construct 1 2 3 4
1. ST 1 .58 64 .62
2.FT 1 77 67
3. VdStT 1 .78
4. INT 1

Note. All factors correlated at the 0.01 level (2-tailed).

Table 9. CDT for testing discriminant validity.

Construct X df p
Model 1 1651.04 367 .00
Model 2 730.98 361 .00
Model 1 — Model 2 920.06 6 .00

Note. Model 1 set correlation to 0, and Model 2 allowed free correlation.

developing the subscale of Future Thinking. This involved transforming a typical scenario-based assess-
ment with complex branching and stimulations into self-rating ones. Redesigning those open-ended
questions was based on a clear understanding of the factor and its concerned variables and underlying
concepts. Compared to the subscales of Systems Thinking and Interpersonal Competence, the original
scales of which are self-rating with proven excellent internal consistency, the redesigned subscale of
Future Thinking demonstrated similar promising internal consistency while also distinguishing itself from
other subscales.

The aim of this scale, which measures relevant generic competencies roundly, was realized to a large
extent through careful factor selection and item development. More importantly, it was designed to
transfer the ‘laundry list’ of various competencies into an integrative entity, verify the integration, and
measure it. Intriguing findings corroborate and prove our claim that the selected competencies are able
to be integrated as a whole but still allowing for heterogeneity. To validate this scale’s structure, factor
analysis, a data-driven method, was used to identify and test complex interconnections among items
and group items that are part of integrated concepts (Boateng et al., 2018). First, the authors selected
Promax rotation in EFA, one of the oblique rotations which generally hypothesis factors were correlated.
By selecting this method, two-wave data show a similar structure despite the revisions. Second, the cor-
relations between the factors are moderately high and positive. A very strong correlation often implied
redundant variables, but the results (r = .58 to .78) showed that the scale’s factors were in a moderate
relationship. Third, the CDT on second and first-order CFA showed no significant difference in their fit. It
concluded that the factors could be integrated under the umbrella of a single upper-level factor —
Sustainability Research and Problem-solving; therefore, the scale can be interpreted as multi-level and
multidimensional (Gould, 2015).

The combination of Values Thinking and Strategic Thinking subscales, which was informed by EFA
and confirmed by CFA, induced a revisiting of the original five-domain framework of sustainability com-
petence. Strategic Thinking is a mental process used to achieve a goal through diagnosis and synthesis
(Beaufre, 1965), while Values Thinking addresses how this goal is set by mapping with certain values.
Although Values Thinking, as a non-cognitive disposition, and Strategic Thinking, as an action-oriented
competence, can be discussed distinctively by definition, they cannot be measured separately. This is
particularly true in the field of sustainability, given relevant practices often involve compromise of short-
term and sectional interests and, therefore, necessitates new assessments and breaking of established
action patterns (Barth et al.,, 2007). In other words, sustainability competence is acquired not only by
knowledge restructuring but also by values interiorization - students must be enabled to discover and
analyze their own values system, and revise it concerning its adequacy to the reality and context (Barth,
2014). This process of deconstruction and reconstruction is critical to explaining the value-driven and
action-oriented nature of sustainability competence, which can be mutually negotiated and should be
integratedly assessed. In this sense, the way integrating competence into this scale perfectly echoes the
intrinsic connections and interactions of cognitive and non-cognitive competencies in the transformative
process of Sustainability Research and Problem-solving.

In conclusion, the development and validation of this Sustainability Competence Scale verified Wiek
et al's framework, which has been widely applied in formal and co-curricular settings, and is also
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applicable in the extracurricular setting of higher education. This study supplements the constructive
alignment of ESD by defining a clear set of learning outcomes and providing a valid assessment instru-
ment. The mining process demonstrated how these generic competencies could be linked to an
umbrella concept without fading distinct characteristics as a comprehensive integration. The applicability
of the assessment tool to both formal curriculum and co/extra-curricular settings allows academic and
non-academic units to measure the growth of students through various activities held on campus. From
the perspective of university governance, the five-competence framework and the defined learning out-
comes provides a common language that can be used across the institution, enabling more consistent
educational design, delivery, and quality assurance. The findings of our study have important implica-
tions for implementing sustainability in the classroom. By assessing students’ sustainability competence,
higher education institutions can gain insights into the effectiveness of their sustainability education ini-
tiatives and promote critical thinking and problem-solving skills. This can empower students to become
environmentally and socially conscious individuals capable of addressing sustainability challenges.
Universities can apply the scale to conduct institution-wide measurement of students’ sustainability com-
petence, identify areas of improvement, and rectify the siloed manner observed in current sustainability
efforts by bridging the gap between facilities, academics, and student affair (Hansen et al., 2021).

The limitation of this study is a lack of hard science perspectives when verifying the content and face
validity, given the significant roles hard science professionals play in sustainable development. While
statistical testing on this scale yielded promising results, there are some directions worth investigating.
First, we employed a 6-point Likert scale, which requires respondents to carefully understand the context
before making a positive or negative decision. Despite the impact of scale polarity on data quality being
less mentioned in existing research (DeCastellarnau, 2018), it would be interesting to see whether the
neutral option derived the psychometrics meaning within this scale. Additionally, the mini-scenario tech-
nigue was novel in measuring sustainability competence, and its effectiveness in facilitating self-rating
may vary depending on the administration and circumstances specific to different programs (e.g. the
way to frame the mini-scenario as the lead-in). The possible alternations are worth examining.
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