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As sustainability is increasingly integrated into higher education, being able to assess the level of learners’
sustainability-related knowledge is critical to understand where potential gaps are and how curricula can be (re)
designed to foster higher levels of attainment. Research on measuring knowledge of sustainability is sparse due to
the contested nature of the construct and the lack of valid and reliable measurement tools. In this research, we
aim to address these barriers. We consider how different conceptualizations of sustainability could lead to
different manifestations of the latent construct and thematic structure of measurement tools. We introduce The
Assessment of Sustainability Knowledge (TASK) which employs an “embedded” conceptualization of sustain-
ability to measure the knowledge of the interrelatedness of ecological and social systems (of which economic
systems are embedded). Regarding the reliability of sustainability knowledge measurement tools, we posit that
the assumption of unidimensionality should be rejected, given the interrelatedness of sustainability as a concept.
We describe the use of Multidimensional Item Response Theory employed in TASK and demonstrate the strong
psychometric properties such an approach offers. We contribute novel insights regarding sustainability knowl-
edge assessments garnished through developing and piloting TASK to further theoretical and practical discus-
sions of sustainability knowledge assessments.

1. Introduction respond to this call by integrating sustainability into higher education

(Leal Filho et al., 2023). As sustainability becomes increasingly

As the global discourse of “sustainability” becomes operationalized
in goals and strategic frameworks, sustainability has become one of the
most prevalent themes in the context of higher education as found in the
thematic review of higher education by Daenekindt and Huisman
(2020). In response to the United Nations Sustainable Development Goal
(SDG) 4 (Education), Target 7, stating that by 2030, all learners should
acquire the “knowledge and skills needed to promote sustainable
development” (UN, 2016), educators the world over are trying to

thematically integrated, higher education institutions (HEIs) are taking
formal steps to assess the progress of these efforts (Berzosa et al., 2017;
Gutiérrez-Mijares et al., 2023), including assessing attainment of Edu-
cation for Sustainability = (EfS)-related learning outcomes
(Gutierrez-Bucheli et al., 2022).

Assessment of learning outcome attainment is useful to indicate the
effectiveness of efforts to integrate themes into curriculum and inform
curricular (re)design (Mendoza et al., 2022). In addition to this, since
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EfS learning outcomes often include behavioral elements (for example,
SDG 4.7 includes the behavior of “promote sustainable development”),
assessing the levels of attainment of learning outcomes that are pre-
sumed to positively influence behavior (e.g., knowledge, skills, atti-
tudes) could better inform the predictive validity of such learning
outcomes as behavioral determinants in the context of EfS (Stough et al.,
2025). However, progress in this field has been slow, which we posit is
partly due to a lack of appropriate tools with strong psychometric
properties suitable for such diagnostic purposes (Kuehl et al., 2021).
Adding to this, defining sustainability as the latent construct in assess-
ment activities needs special consideration given the contested nature of
the concept (Stough et al., 2018).

In this research, we aim to address these barriers with the hope that
doing so will foster more empirical research on sustainability knowledge
attainment, which could ultimately better inform the effectiveness and
(re)design of sustainability-related education. By developing a robust
measurement tool we contribute to theoretical discussions of, and
practical approaches to, sustainability knowledge assessment. First, by
delineating sustainability as a contested concept and exploring the
possible manifestations of such when defining the latent construct in a
measurement tool, we respond to the concern of Stough et al. (2018)
about validity issues that can arise when assessing sustainability given
the contested nature of the concept. In line with the work of Raworth
(2017), we propose the use of an embedded conceptualization of sus-
tainability as a latent construct in the new The Assessment of Sustain-
ability Knowledge (TASK) tool. Via data garnished through piloting
TASK, we offer novel insights on sustainability knowledge assessments
from a user perspective. Responding to the call of Yavuz Temel et al.
(2022) that epistemological measurement tools should demonstrate
strong psychometric properties, as well as the concern of Kuehl et al.
(2021) about the psychometric properties of current tools in the EfS
landscape, we employ Multidimensional Item Response Theory in the
scoring model (Hartig and Hohler, 2009). Further, we reflect on the
assumption of unidimensionality for the context of sustainability
knowledge. Throughout, we consider how measurement of knowledge
attainment can help inform the field of EfS both practically and
theoretically.

In Section 2, we offer the reader background context. Given the
contested nature of the concept (Reid and Petocz, 2006; Connelly, 2007;
Kurucz et al., 2014), we explore how “sustainability” could manifest
when defining the latent construct in a measurement tool. We offer a
background on measuring sustainability knowledge and field explore
shortcomings with existing tools and approaches of this in the context of
EfS. We also consider knowledge as one learning outcome among many
in the field of EfS. In Section 3, we introduce the TASK tool, explain the
motivation for its thematic hierarchy, discuss insights garnished while
piloting the tool, describe how items are developed, present the scoring
model for the tool, and explore its psychometric properties. In Section 4,
we offer a discussion about the implications of our research on sus-
tainability knowledge assessments in higher education. In Section 5 we
offer concluding remarks.

2. Background

SDG 4.7 (stated above) encompasses some major tensions that the
field of EfS must constantly grapple with. The first tension is that
“knowledge and skills” are in function of “promoting” sustainable
development—hence there is an assumption that the development of
certain knowledge and skills (along with other desired learning out-
comes discussed in the EfS literature—e.g., attitudes) will influence the
future behavior of graduates (i.e., the role of these learning outcomes as
behavioral determinants). The second tension deals with the contested
nature as to which exact “knowledge and skills” are required (i.e., which
behavioral determinants are most effective to develop in function of
which exact behaviors EfS would like to influence). The last tension
deals with contested nature of sustainability itself—i.e., how the end
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goal of “sustainable development” is defined. In this section, we offer the
reader a short background to these defining tensions.

2.1. Sustainability-related learning outcomes

In the literature, different types of desired EfS-related outcomes are
described, referring to ways to integrate and assess individual sustain-
ability competencies or capabilities (see Sandri et al., 2018; Redman
et al., 2021 for review). Proposed conceptualisations often refer to
competencies as the overarching concept that encompasses knowledge,
skills, attitudes, and behavior related to sustainability in rather general
terms, influencing the integration of such outcomes in curricula (cf.
Lambrechts et al., 2013). Proposed assessment methods thereby often
refer to student self-assessment of competencies, e.g. through reflective
writing, without specifying the type of knowledge, skills or attitudes
targeted. This poses challenges regarding the validity of such ap-
proaches. Building on the work of Besong and Holland (2015), Stough
etal. (2024a) proposed distilling EfS-related learning outcomes into four
foci: 1) disposition focused; 2) knowledge focused 3) skills focused; and;
4) behavior focused. Within these foci are discrete constructs that could
be assessed with specific measurement instruments, for example: atti-
tudes towards sustainability, knowledge about sustainability,
sustainability-related skills (e.g., cognitive skills like systems thinking;
as well as intrapersonal skills like working in a diverse team), and
sustainability-related behaviors. Some constructs might be directly
observable (e.g., certain types of behavior), while others would require
the use of a psychometric tool to measure, as they are not directly
observable (e.g., knowledge, attitude).

There is an assumption that by developing these learning outcomes,
certain future behaviors of graduates (e.g., “promote sustainable
development”) will be influenced. Hence, the desired learning outcomes
articulated in the EfS literature can be thought of as behavioral de-
terminants. To shortly illustrate the theoretical role of these EfS-related
foci as behavioral determinants, we refer to the Integrated Behavioral
Model of Montano and Kasprzyk (2015), wherein behavior is influenced
by: 1) knowledge and skills, 2) salience of the behavior; 3) intention
(influenced by attitudes, norms, and agency), 4) environmental con-
straints, and 5) habits. Research exploring the effect of different
sustainability-related learning outcomes as behavioral determinants is
in a nascent phase (Redman et al., 2021). For an expanded discussion on
how behavioral change theories can better inform desired
sustainability-related learning outcomes see Stough et al. (2025).

2.2. Ensuring reliability of sustainability knowledge assessments

Common methods for estimating overall and subscores within psy-
chometric modeling frameworks include: Classic Test Theory (CTT),
Item Response Theory (IRT), Cognitive Diagnostic Models (CDM), and
factor analysis (FA) (Sijtsma and van der Ark, 2020). If the goal of a
measurement instrument is to diagnose a test takers’ knowledge of
sustainability (or gaps therein), the overall and subscores should have
high psychometric properties (Yavuz Temel et al., 2022). As opposed to
a raw score (i.e., percentage of correct answers), transformed scores
from IRT methods give items different weights depending on the
discriminating power of the item. IRT is increasingly utilized in the
context of epistemological assessments (e.g., Shaw et al., 2020). Unidi-
mensional IRT models, such as the Rasch model, take into account a
person’s ability, an item’s score, and the difficulty level of the item.
Internal consistency is concerned with the homogeneity of the items
within a measurement tool (Devellis, 2017). Unidimensional IRT as-
sumes “unidimensionality” of the phenomenon that is the latent
construct. For example, assuming the three domains of ecological-, so-
cial-, and economic-sustainability knowledge represent three separate
latent constructs, and that knowledge thereof is not interrelated.
Multidimensional IRT does not assume that subcontructs are separate
(Hartig and Hohler, 2009). The benefits of MIRT in knowledge
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assessment have been increasingly recognized (Hartig and Hohler,
2009). For example, Yavuz Temel et al. (2022) demonstrated that while
unidimensional IRT models could yield good results, multidimensional
IRT models provided better fit for epistemological tests.

2.3. Measuring knowledge of sustainability

While various tools exist to assess sustainability in higher education
institutions in general (see Berzosa et al., 2017 for review), there are
scare tools to designed to assess sustainability knowledge specifically. In
their guidance for Sustainability Tracking and Rating System (STARS),
the Association for the Advancement of Sustainability in Higher Edu-
cation (AASHE) offers a list of tools that reporting organizations can use
to assess Academic Credit 6: the “sustainability literacy” of learners
(AASHE, 2025). While AASHE’s standards state that “sustainability lit-
eracy” assessment should focus on knowledge of sustainability topics
and challenges (AASHE, 2024), the tools they suggested to measure
literacy span various constructs. Some tools included in the list intend to
measure attitudes, such as the Sustainability Attitude Scale (SAS)
developed by the North American Environmental Education (eval-
uation-archive.naaee.org/tools/sustainability-attitudes-scale),  which
other tools intend to measure consciousness, such as the Environmental
Sustainability Consciousness Questionnaire (ESCQ) (Gericke et al.,
2019). Among these tools are two focused on knowledge attainment (i.
e., conceptual awareness): ASK and Sulitest. In 2014, the Assessment of
Sustainability Knowledge (ASK) tool was developed (Zwickle et al.,
2014) and a revised version was launched in 2018 (Zwickle and Jones,
2018). The ASK tool organizes the latent construct into three subcon-
structs (social, environmental, and economic-sustainability), is
composed of 12 questions, and applies Item Response Theory (IRT) for
scoring (Zwickle et al., 2014; Zwickle and Jones, 2018). In 2016 the
Sulitest launched the Sulitest Core Module, which is composed of 30
questions and is scored using the raw score (Décamps et al., 2017).

Both tools have also been used in research examining the level of
sustainability-related knowledge students have. For example, The ASK
tool has been employed in research exploring the level of sustainability
knowledge attainment by discipline (Zwickle et al., 2014) as well as the
effect of knowledge attainment in relation to where students get their
information from (Michel and Zwickle, 2021). While the ASK tool re-
ports good psychometric properties for test takers with lower ability
levels, it is less reliable for high ability ranges (Zwickle et al., 2014).
Zizka and Varga (2020) used Sulitest’s Core Module tool to identify gaps
in students’ sustainability knowledge, which they propose can be used to
inform curricular (re)design. However, The Sulitest’s Core Module was
designed as an awareness-raising tool (Décamps et al., 2017), and as
such, its psychometric properties are not proven (Keuhl et al., 2021).

2.4. Dealing with sustainability as a contested concept when defining the
latent construct

At its core, sustainability is a contested concept, that can vary
significantly in how it manifests in the higher education context (Reid
and Petocz, 2006), and how learning outcomes are defined and
measured (cf. Jickling and Wals, 2008). For example, the views of Deep
Ecology prioritize the environmental system (Nzss, 1997). The “inter-
twined” view sees the environmental, social, and economic systems as
an overlapping Venn diagram with a win-win-win sweet sport in the
middle (Marcus et al., 2010; Kurucz et al., 2014). The “embedded” view
of sustainability, views the economic system as embedded in the social
system, which is in turn is embedded in the environmental system
(Marcus et al., 2010; Kurucz et al., 2014). This view has been visualized
as tiered like a wedding cake (in the context of the SDGs, cf. Folke et al.,
2016) or as embedded rings, like a doughnut (Raworth, 2017) to illus-
trate the embedded nature of human and ecological systems.

Depending on how sustainability is viewed, the latent construct (and
thematic hierarchy) of a measurement tool could manifest with
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significant variation, which can in turn lead to significant variation in
the results of assessments (Stough et al., 2018). Therefore, it is important
to carefully consider the contested nature of sustainability when
defining the latent construct. For example, if the views of Deep Ecology
were to be used when defining the latent construct, the dominate logic
would be that the ecologic system is most important. To reflect this logic,
the main dimensions of the assessment tool might only include the main
dimensions of the environmental system and planetary boundaries
framework (e.g., Rockstrom et al., 2009). Given the roots of EfS in the
environmental education, there is a tendency to resort back to
environmental-focused rhetoric (Monroe, 2012; Lindstone et al., 2014),
which can be seen in the emphasis of environmental topics in higher
education sustainability assessment tools (Shriberg, 2002; Yarime and
Tanaka, 2012; Kamal and Asmuss, 2013).

If an “intertwined view” were to be chosen, the dominant logic
would be that ecological, social, and economic systems are of equal
importance. To reflect this logic, the main dimensions of a measurement
tool might align with the triple bottom line narrative, giving equal
weight to the social system (people), the environmental system (planet),
and the economic system (profit, later replaced with prosperity). This
approach was chosen by Zwickle et al. (2014) in their tool to assess
sustainability knowledge. However, such approaches, focusing on equal
weight of systems and the importance of “balance”, have been criticized
in recent years for their lack of critical inquiry (Elkington, 2018).

Viewing sustainability as “embedded” implies that the economic
(and other socially-constructed systems) are embedded within social
systems. This view is less focused on win-win-win solutions, but rather
on the embeddedness and interrelatedness of systems. For example,
building on the UN’s Millennium Development Goals (UNESCO, 2017)
and the subsequent Sustainable Development Goals (UN, 2016), Raw-
orth (2017) proposed the metaphor of a Doughnut with an inner circle to
illustrate a social minimum that should be ensured and an outer circle to
illustrate an environmental maximum that should not be transgressed.
The space in between represents our ability to organize to ensure that
these two boundaries are respected.

3. The assessment of sustainability knowledge tool (TASK)

The desire for a sustainability knowledge measurement tool with
strong psychometric properties that employs an embedded conceptual-
ization of sustainability lead the Sulitest organization to begin devel-
oping The Assessment of Sustainability Knowledge (TASK) tool. In
Section 3.1, the definition of the latent construct and subsequent the-
matic (hierarchal) structure of the TASK is described. An early version of
the tool was piloted during October-November 2022 within networks
on higher education for sustainability (e.g., Students Organizing for
Sustainability; Climate Students; SDSN Youth). The primary goal of the
first pilot was to collect data regarding user perceptions as well as begin
training the scoring model (1378 participants completed the test,
resulting in 132,288 item responses). User perceptions about TASK
garnished in Pilot 1 (described in Section 3.3.) also helped to inform the
desired design of subsequent TASK items (described in Section 3.2). A
second pilot was conducted was conducted in February 2023 with the
primary objective to further train the scoring model (described in Sec-
tion 3.4). To ensure that TASK is appropriate as a diagnostic tool across a
broad spectrum of abilities (i.e., levels of sustainability knowledge),
participants were recruited using SurveySwap’s paid participant-
matching service, which facilitates survey distribution among in-
dividuals seeking to complete academic surveys. Eligibility was
restricted to English-speaking adults (C1 and C2 levels), aged 18-30, and
a balanced gender among respondents. A total of 600 participants
completed the survey (resulting in 57,600 item responses). All partici-
pants provided informed consent prior to participation. The tool was
launched in March 2023. The data generated between March-June
2023, wherein 4349 TASK sessions were completed, are used in Section
3.5 to report the psychometric properties of the tool.
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3.1. Structure of TASK

Aligning with an embedded view, sustainability is defined in the
TASK tool as: meeting human welfare while not exceeding planetary
boundaries and employing socially-constructed systems to do so (i.e.,
economic organization, governance, etc.). TASK is organized to reflect
the thematic (hierarchal) structure of an embedded conceptualization of
sustainability (Fig. 1). The structure of TASK has 3 dimensions at the
highest level; 9 second-level dimensions; and 28 third-level dimensions.
At the highest level (i.e., the 1st level of abstraction), are the three di-
mensions of: Earth System—the “environmental ceiling” (Rockstrom,
2009; Raworth, 2017); Human Welfare—the “social foundation” of a
minimum human welfare (UN, 2016; UN, 2016; Raworth, 2017); and
Levers of Opportunity—the socially-constructed mechanisms that enable
(or hinder) the ability to meet the needs of human welfare without
exceeding planetary boundaries (UN, 2019).

The planetary boundaries framework (Rockstrom, 2009) offers a
quantitative perspective of the critical planetary thresholds which
should not be crossed if humanity is to continue to develop and thrive.
These boundaries include: climate change; biosphere integrity; fresh-
water use; land-system change; ocean acidification; novel entities;
biogeochemical flows; atmospheric aerosol loading; and stratospheric
ozone depletion. These have been clustered in the TASK structure into
two domains that inform the 2nd level of abstraction for Earth Systems:
core planetary boundaries and regulating planetary boundaries.

The Social Foundation is comprised of the minimum social needs
derived from the social priorities specified in the UN’s Millennium
Development Goals and Sustainable Development Goals (UN, 2000,
2015), which include: nutrition; health; access to water and sanitation;
housing and human settlements; access to energy; basic income; social
equity; gender equity; education and culture; peace, justice and political
voice; and access to networks/social interactions (Raworth, 2017).
Within the TASK structure, these social needs have been clustered into
three domains that inform the 2nd level of abstraction for Social Foun-
dation: safety and basic needs, social equity, and human flourishing.

Levers of Opportunity are the mechanisms that enable (or hinder) the
ability to meet human welfare foundations without exceeding planetary
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ceilings. They require both individual and collective human actions for
building a sustainable future. In alignment with the UN (2019), these
levers have been clustered into four domains that inform the 2nd level of
abstraction for Levels of Opportunity in the TASK structure: governance;
economy and finance; science and technology; and individual and collection
action.

3.2. TASK format and item development

Given how sustainability is defined as a latent construct for the tool,
items are developed to measure a test takers knowledge (i.e., conceptual
understanding) of a boundary. To add dimensionality about the type of
knowledge measured in TASK, for each theme, test takers descriptive
knowledge (definitions and key concepts), contextualized knowledge
(current state and trends), causal knowledge (major causes), and inte-
grated knowledge (systemic impacts) are measured. Definition questions
deal with descriptive knowledge and require that test takers define the
construct (via principles, functions, or thresholds). Questions about
current states and trends deal with contextualized knowledge regarding
the current status and trajectories of either meeting or not meeting basic
thresholds. Questions about major causes deal with causal knowledge
about the underlying and systemic causes of boundary transgressions.
Questions about systemic impacts deal with the effects of boundary
transgression on other concepts. For Levers of Opportunity, test takers
are required to demonstrate knowledge about these mechanisms for
addressing the challenge of sustainability, therefore questions are
organized around the dual perspectives of definition and trends. This
results in 96 discrete item pools, for which items are developed and
evaluated on a regular basis. While items can differ for each test taker in
the same session (i.e., to prevent sharing answers), the overall difficulty
for each test taker should remain similar (as ensured by the scoring
model described in Section 3.4).

For each item pool, general learning outcomes were formulated in
consultation with the literature on EfS (e.g., UNESCO, 2017; Bianchi
et al., 2022). TASK items are formulated in a multiple-choice format,
with one correct response and three incorrect responses. Based on Evans
(1984), during the development of TASK items, attention is given to

Human Welfare

» Safety & basic needs

» Social welfare

* Human Flourish - Emancipation

Levers of Opportunity

* Governance

« Economy and Finance

« Science & Technology

« Individual and Collective Action

Interconnections

Earth Systems
+ Core planetary boundaries
* Regulating planetary boundaries

Fig. 1. Conceptualization of sustainability adopted in TASK with Social Foundation (UN, 2016) embedded in Environmental Ceiling (Rockstrom, 2009) as proposed by

(Raworth, 2017) with the addition of Levers of Opportunity (UN, 2019).
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ensure that they are: written clearly and consciously; avoid ambiguous
wording; avoid multiple negatives; avoid difficult/technical, or
culturally-specific language; that all incorrect answers are plausible;
that response options are similar in wording; that response options are
similar in length; that “always”, “never”, and “only” in incorrect answers
are avoided; and that “all of the above” and “none of the above” in
response options are avoided. Given user feedback in Pilot 1, special
consideration is given to the use of technical/academic language. When
a specific term is used in an item (e.g., “novel entities”, “greenwashing”),
but the item is not intended to measure knowledge of this term, a short
definition is embedded in the item.

In response to user feedback from Pilot 1, items that intend to
measure discrete facts are avoided in favor of phenomenon-based items.
Sometimes, a specific factoid has been identified as part of the relevant
learning outcomes for an item pool. For example, in the context of
climate change, the goal of not exceeding 1.5 degrees of warming
(United Nations Framework Convention on Climate Change, 2015). In
such cases, attention is given to ensure that the range of response options
are spread enough to avoid the item being too precise. To illustrate the
operationalization of these considerations, Table 1 provides examples of
TASK items for two themes: 1.1.1 Climate Change and 3.1.1 Laws,
policies, institutions.

To support the organization of items, the software Notion is used to
record information for each item, including: question title, matrix sub-
ject, type of knowledge, linked matrix subjects, related SDGs, corre-
sponding learning outcome, bibliographical source, date of source
publication, source region, source type, source hyperlink, date of ques-
tion creation, question expiration date, author, reviewers (at least two),
status in the validation process, and fields for reviewer and author
comments. Everything logged into Notion is automatically saved and all
changes are tracked.

3.3. User perceptions of TASK

Pilot participants reported a general alignment with the embedded
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conceptualization of sustainability, as well as subthemes included in the
TASK tool. Participants found the lack of an environmentally-dominated
conceptualization of sustainability a very positive attribute of the test. In
the group sessions, many students noted that social sustainability
themes were equally, if not more, meaningful to them, but they felt that
environmental themes tend to take precedence in the context of sus-
tainability courses.

In general, there was a perception that TASK was a difficult test (34
% found it “very difficult”; 62 % found it “slightly difficult”). This was
coupled with participants finding it highly relevant to have a measure-
ment of their sustainability knowledge. Participants of the group ses-
sions reported having their curiosity about certain topics activated
during the test, and some even reported looking up topics after the test
for further understanding. When an items’ link to sustainability was
made explicit, it increased the relevancy of item and the test as a whole.

3.4. Scoring TASK

In the context of TASK, the latent construct of sustainability is
defined as interrelated (e.g., causes of boundary transgression; impacts
of boundary transgression on other boundaries; levels of opportunities
to ensure boundaries are not transgressed; etc.) (Fig. 1). This interre-
lated interpretation of “sustainability” translates into an interrelated
interpretation of “sustainability knowledge”, wherein causes and effects
of boundary transgressed are explicitly part of sustainability knowledge
(Fig. 2). Therefore the assumption of unidimensionality for sustain-
ability knowledge in the case of TASK was rejected. Instead, multidi-
mensional IRT (MIRT) was employed for TASK.

The basis of the IRT model deployed is a Bayesian statistical frame-
work modeled by exchangeability, which permits the investigation of
prior information of group parameters (i.e., a vector) instead of indi-
vidual parameters (i.e., components of a vector) (Lindley and Smith,
1972). Given that the matrix of TASK is organized in a thematic hier-
archy, content of the tool was analyzed to reflect raised levels of
abstraction. While investigating item parameters and respondents’

Causes Impacts

Table 1
Example of TASK item pool categorized into the four perspectives of: definition, trends, causes, and impacts.
Definition Trends
Dimension: Which of the following indicators is used as the
1.1.1 primary measure of the impact of human activity
Climate on the Earth’s climate?
change a) the concentration of carbon dioxide (CO,) in
the atmosphere
b) the aggregate amount of carbon emissions
from industrial processes
c) the combined average change in temperature
of regional climates projected to:
d) the average change in ocean temperature
Dimension: The Sustainable Development Goals (SDGs) are an
3.1.1 urgent call for action by all countries, developed
Laws, and developing, in a global partnership. The SDGs
policies, build on decades of work by countries and which
institutions intergovernmental agency?

a) the United Nations

b) the Intergovernmental Panel on Climate
Change

the Intergovernmental Panel on Sustainable
Development

the Organisation for Economic Co-operation
and Development

C

N

d

=

To limit global warming to 1.5 °C above pre-
industrial levels, global greenhouse gas
(GHG) emissions must peak before 2025,
and then decrease by 43 % by 2030
compared to 2019 levels.

After adding up all the national emission-
reduction commitments made by states in
2021, GHG emissions are currently

a) increase by 14 % by 2030
b) stagnate by 2030

c) decrease by 14 % by 2030
d) decrease by 43 % by 2030

Official Development Assistance (ODA) is
governmental aid from developed countries
to developing countries with the aim of
promoting “development” (economic,
social, as well as climate-related targets).
Which of the following statements best
describes the trend in ODA over the last 50
years?

a) While total ODA has increased from USD
40 billion (1960) to USD 160 billion
(2020), the share of ODA as a percentage
of donor countries’ gross national
income (GNI) has steadily declined over
this period

b) ...

The primary driver of

human-induced

climate change is:

a) greenhouse gas
emissions

b) aerosols, dust,
smoke, and soot

c) deforestation

d) land-use change

The absorption of atmosphere
carbon dioxide (CO2)
emissions through dissolution
in ocean water:

a) reduces climate change
but increases ocean
acidification

b) increases climate change
but reduces ocean
acidification

¢) reduces marine
calcification but increases
marine biodiversity

d) increases marine
calcification but decreases
marine biodiversity
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TASK™ Matrix by Sulitest

x.1.1 Definitions and Key
Concepts

D

x.1. Knowingand Understanding
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x.2. Interlinkages

x.1.2 Current State and
Trends

x.2.1 Major Causes x.2.2 Systemic Impacts

Causal Knowledge Integrated Knowledge

ip

What are we talking about?
How does this work?
11114
11211
12111
12211
12311
12411
12511
12611
12744
L AARK
21214
21311
21411
21511
22111
22211
22311
23111
23211
23311
31111

1.1 CorePlanetary 1.1.1 Climate Change

1.1.2 Biosphere Integrity

1.2.1 Freshwater Use

1.2.2 Land-System Change

1.2.3 Ocean Acidification

124 Novel Entltles

1.2.5Bi ical Flows

1.2.6 Atmospheric Aerosols Loading
1.2.7 Stratospheric Ozone Depletion
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Fig. 2. Dimensions of the TASK (based Rockstrom et al., 2009; Raworth, 2017; UN, 2019).

abilities, the hierarchy (i.e., levels of abstraction) allows for the treat-
ment of an item’s location in the hierarchal structure of the test (Fig. 2)
as prior information of test item parameters. To represent the relation-
ship between a respondent and test items, alongside the relationship
between the hierarchal structure of the test and items, multidimensional
indexing was applied in the analysis. The dataset’s indices are no longer
represented by a vector of integers, rather the index now contains a
multitude of levels expressing: respondents’ user ID, the location in
TASK’s structure where a question is located, and the item ID (i.e., the
question’s unique identifying number) simultaneously as index values.

The model operates as a two-stage procedure. The initial phase of the
model focuses primarily on the estimation of item parameters, specif-
ically discrimination (denoted by a) and difficulty (denoted by b). The
large and diverse calibration sample collected in Pilot 1 was used during
this stage to train the model and compute these parameters for each
item. In the second stage of the model, the focus was shifted towards
estimating the abilities or traits (denoted by 6) of new individuals
engaging with the test. This two-stage procedure leverages pre-
determined item parameters to estimate new test-takers’ abilities,
eliminating the need for perpetual re-estimation of item parameters.

Figs. 3 and 4 show the respective first and second stages of the applied
model.

Incorporating item and subject-level discrimination and difficulty
parameters into the model allows for a comprehension of how in-
dividuals with varied ability levels, interact with distinct sustainability
questions and topics. The parameters from both stages converge into a
Bernoulli distribution to form a probability function. This function de-
termines the probability of a respondent correctly answering an item,
considering their ability level and the known parameters of the test.
Bayesian sampling was achieved via Markov Chain Monte Carlo
(MCMC) methods. Parameters were estimated using the No-U-Turn
Sampler, a Hamiltonian Monte Carlo (HMC) algorithm as proposed by
Hoffman and Gelaman (2014).

3.5. Psychometric properties of TASK

In the evaluation of the model sampling performance, the principles
for diagnostic tools proposed by Gelman et al. (2021) were employed.
Throughout the development of TASK, both the Rhat and ESS scores
have consistently stayed within the acceptable ranges as proposed by
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Fig. 3. First stage item parameter estimation.
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Gelman et al. (2021), implying satisfactory chain convergence. In
assessing the reliability of a test under the lens of IRT, we focused our
analysis on the Fisher Information statistic as a measure that provides an
illustration of the association between the quantity of information (i.e.,
the precision) and an examinee’s ability across the entire ability spec-
trum (Baker and Kim, 2004). Coefficients of psychological/educational
measurements are often represented by a value between 0 and 1, with
higher values indicating higher reliability (Nunnally, 1978; Reckase,
2009). In the early stages of research, a reliability coefficient of .70
might suffice, however, for applied settings, a coefficient of .80 is more
desirable, and in the context of high-stakes testing, a value of .90 or
higher is typically considered the standard (Nunnally, 1978). The reli-
ability of the TASK tool is high (>.90) for the entire spectrum of ability;
and very high (>.95) for ability levels .4-2.9; and extremely high (>.99)
for ability levels .75-2.6. These results illustrate the strong psychometric
properties of the TASK tool across ability levels, verifying that TASK is
an appropriate tool regardless of test taker’s level of sustainability
knowledge.

Integrating this into the context of the Test Information Function
(TIF)—a graphical representation within the IRT framework—provides
an intuitive way to visually interpret reliability across different levels of
the latent trait. In a TIF graph, the x-axis signifies varying levels of the
latent trait, while the y-axis symbolizes the amount of test information
(a direct reflection of measurement precision) at each trait level (Fig. 5).

Item Information Functions (IIFs) offer another layer of granularity

in understanding of test reliability. The IIFs represent the amount of
information, or measurement precision, that each item contributes at
various levels of the latent trait. Visualizing these in Fig. 6, illustrates the
distributed nature of TASK items across most of the latent trait spectrum.

The IIFs are optimally concentrated around a high-middle level of
ability, indicating that TASK items are most reliable and informative for
individuals in this range. Having examined the reliability of the TASK
test through the lens of MIRT, it can be confidently concluded that the
instrument is well-calibrated to provide accurate and meaningful in-
sights into respondents’ abilities.

4. Discussion

The new TASK tool fills a gap in the landscape of measuring sus-
tainability knowledge by: 1) employing an embedded conceptualization
of sustainability and 2) ensuring strong psychometric properties. During
the development of TASK, insights were garnished that can further
inform the field of measuring sustainability knowledge. A robust mea-
surement of sustainability knowledge can be helpful for curricular (re)
design. However, while a tool can have strong psychometric properties
and thus demonstrate strong reliability, given the contested nature of
the sustainability as a construct and the lack of empirical insights about
the strength of various sustainability-related learning outcomes, there
continues to be open debate about what EfS should develop in learners.
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4.1. Rejecting the assumption of unidimensionality for sustainability
knowledge

For a diagnostic tool (i.e., used to measure gaps in knowledge), the
psychometric properties of the overall score, as well as the subscores, is
important for the reliability of the measurement (Yavuz Temel et al.,
2022), which has been an issue for some tools intended to measure
sustainability knowledge (Kuehl et al., 2021). In addition to these con-
cerns, we posit that the assumption of unidimensionality is unlikely to
hold in the context of sustainability knowledge given the
inter-relatedness of sustainability themes. Indeed, while investigating a
sample of TASK respondents from business schools, Stough et al.
(2024b) found the ability level of test takers are highly correlated for
many topics in TASK. As such, the assumption of unidimensionality is
unlikely to hold in the context of sustainability knowledge.

4.2. Measuring knowledge attainment to inform curricular (Re)Design

The attainment of learning outcomes could be used to inform
curricular (re)design (Mendoza et al., 2022). As proposed by Zizka and
Varga (2020), measuring learner’s level of sustainability knowledge
could inform where gaps are (for example, when entering into a study
program), which would be valuable to inform educators about the
design of curricular inputs (e.g., themes included in the course). In this
vein, some universities have committed themselves to using TASK to
track the attainment of sustainability knowledge of their student pop-
ulation in reflection with curricular design. For example, the Toulouse
Business School (TBS) uses TASK in pre- and post-assessments for their
Master students, as part of Assurance of Learning (AoL) processes
(Sulitest, 2024). Stough et al. (2024b) found that business students’
TASK scores increased with the frequency in which they took standalone
courses explicitly on sustainability-related themes (which was not the
case for engineering students), suggesting that integrating explicit
sustainability-related courses is an effective pathway of sustainability
integration in business programs.

4.3. Increasing relevancy of the test taking experience

Through developing and piloting TASK, important considerations
arose that should be taken into account during the assessment of sus-
tainability knowledge. First, items that intend to measure discrete facts
were noted as problematic by pilot participants. Such questions

contributed to the perception of difficulty, as well as the propensity to
guess, and reduced the overall sense of meaning that taking an assess-
ment has. These questions should be avoided when developing items to
measure sustainability knowledge. When a specific factoid is part of
desired learning outcomes for a sustainability-related topic, spreading
response options widely can help mitigate the negative perception of
such questions.

In addition to avoiding discrete factual questions, lengthy questions
and technical terms should be avoided to improve the understandability
of items. When technical terms are used in an item, embedding defini-
tions can be used to clarify these for the test taker. Explanations can be
embedded to clarify the relevance of specific items. TASK pilot partici-
pants this noted improved their perception about the relevancy of the
test-taking experience, and some pilot participants even reported look-
ing up information after the test because their interest was sparked.
While not investigated in this research, increased relevancy could help
foster the subjectification of learning (Keys and Heck, 2023).

4.4. General versus disciplinary sustainability knowledge

The TASK tool employs an embedded view of sustainabili-
ty—recognizing the embeddedness of the economic and other socially-
constructed systems within the social system, which is in turn
embedded in the environmental system. In doing so, TASK moves
beyond the intertwined view (e.g., balance of environmental, social, and
economic themes) found in some sustainability knowledge assessments
(e.g., Zwickle et al, 2014), while still avoiding an
environmentally-dominated conceptualization of sustainability found in
other assessment tools in the higher education context (e.g., Kopnina,
2013), which was appreciated by pilot participants.

However, an embedded conceptualization of sustainability could
also equate to less prevalence of questions relating to certain disciplines
(e.g., business and economics), as socially-constructed systems are sit-
uated within Levers of Opportunity. Indeed, pilot participants from
business and economics faculties particularly noted that they felt their
disciplinary knowledge of sustainability was not being fully measured
by TASK. Two opposing reflexes arise from this. The first reflex is that
learners should attain disciplinary-focused sustainability knowledge.
Following this logic, specific measurement tools for various disciplinary-
specific sustainability knowledge could be developed (e.g., Aichele
et al., 2021; Muff et al., 2022). The second reflex a reflection about a
minimum level of general knowledge that all learners should have about
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sustainability, regardless of their disciplinary background. In the case of
business and economics students, while understanding the intricacies of
the carbon, nitrogen, or phosphorus cycles might seem too technical,
knowledge about these cycles (i.e., benefits, causes and effects to
threshold transgression, etc.) could very well be needed to sense, seize
and capture potential shared value creation (Bocken and Geradts, 2020).
Hence, what constitutes disciplinary-specific literacy is changing as the
boundaries of social, environmental, and economic systems become
increasing blurred.

4.5. Limitations and future research pathways

While this research takes important steps to fill critical gaps in the
EfS landscape, there are limitations. As discussed above, TASK is
intended to measure an embedded knowledge of sustainability as
defined in Table 1. As presented in Section 2.1, other intended learning
outcomes (e.g., skills, attitudes, norms, etc.) are also likely important
behavioral determinants (Montano and Kasprzyk, 2015) that are not
captured in TASK scores.

Understanding the influence of educational interventions on learning
outcomes has long been a “blackbox” in the EfS landscape. Moving
forward, TASK can be used (in addition with other measurement in-
struments) to understand relationships between: 1) educational in-
terventions (e.g., pedagogies, program design, accreditation status of a
university or faculty, involvement in voluntary initiatives, etc.), 2)
learners (e.g., age, gender, experience, personality, culture, etc.), and
learning outcomes (e.g., knowledge, skills, attitudes, behavior). Building
on the work of Dyehouse et al. (2017), Keys and Heck (2023), and
others, TASK scores could be used to understand the influence of a
qualification like knowledge attainment, on socialization processes, and
ultimately the process of subjectification—i.e., how learners transform
knowledge, skills, and values into action.

As research begins to illustrate the usefulness of TASK scores for
curricular design (e.g., Stough et al., 2024b), insights about the pre-
dictive validity of sustainability knowledge attainment (as measured by
TASK or other instruments) could help inform EfS. While higher levels of
environmental knowledge have been shown to be positive predictors of
pro-environmental behavior (e.g., Zelezny et al., 2000), little is known
about the effect of higher levels of sustainability knowledge attainment
on the future behavior of graduates. For example, while mental health
problems from environmental issues (i.e., eco-anxiety) of young people
are of increasing concern (McCunn et al.,, 2024), emerging insights
suggest that increased (environmental) knowledge could be associated
with lower levels of (climate change) anxiety (Zacher and Rudolph,
2023). Such an effect would widen the benefit of sustainability-related
knowledge attainment, and would motivate the inclusion of this as a
intended learning outcome in HEIs beyond its role as a behavioral de-
terminants in the context of EfS.

5. Conclusions

The contested nature of sustainability and the lack of measurement
instruments with strong psychometric properties has hindered empirical
research on sustainability knowledge attainment, which has left the field
of EfS stifled from many relevant insights. The TASK tool has been
developed to foster more measurement of sustainability knowledge.
Through developing and piloting TASK, we offer novel insights to
further theoretical and practical discussion on measuring sustainability
knowledge. However, the development and validation of a measurement
tool is merely a first step in unlocking the blackbox of EfS. We readily
invite more research and discussion on sustainability knowledge
attainment, with the hopes of informing the (re)design of EfS so that
future decision makers can indeed respect social and planetary bound-
aries, thus meeting the aim of SDG 4.7.
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