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Abstract

The dissemination of sustainable knowledge within the domain of higher education has
grown exponentially since the implementation of the UN’s SDGs; however, the body of
evidence is currently fragmented across various institutional and educational sectors. This
research synthesizes review-level evidence on how institutions of higher education provide
for the dissemination of sustainable knowledge and develop the competencies necessary
to support it, through a narrative literature review with a supporting structured Web of
Science search, transparent narrowing, and interpretive thematic synthesis. An evidence set
of focused relevance (2015–2025) was established from an initial total of 6604 records and
through the subsequent full-text analysis yielded a final corpus of 63 review articles. Two
dominant theme categories were identified: (i) Institutional Embedding and Governance
Level Integration and (ii) Educational Level Implementation. A third area of investigation
mapped the development of the discipline through both bibliometric and narrative reviews.
A common cross-cutting constraint is that specific links between mechanisms/outcomes,
as well as comparative analyses of student outcome metrics across studies, are not uni-
formly documented, which limits cumulative inferences about effective practices. Thus,
greater clarity is needed regarding linkages between competence objectives, curriculum,
pedagogy, assessment, and measurable outcomes. Additionally, the governance conditions
are frequently referenced as enabling factors.

Keywords: higher education; sustainability education; education for sustainable development;
sustainability competencies; narrative review

1. Introduction
Sustainability and Education for Sustainable Development (ESD) have become in-

creasingly prominent in higher education, and higher education institutions (HEIs) are
widely discussed as actors that can support societal transformation through education,
research, and institutional practice. As such, sustainability and Education for Sustain-
able Development (ESD) are becoming increasingly widespread across educational levels.
However, the higher education context has its own unique characteristics, as HEIs can
positively affect multiple domains, including curriculum and pedagogy, research agendas,
campus operations, governance, and external partnerships. The broad-based role of Higher
Education Institutions in promoting ESD and the SDGs has also been discussed extensively
in the HESD literature, with respect to whole-institution approaches and institutional inte-
gration (Lozano et al., 2015; Menon & Suresh, 2020). Therefore, due to these multi-domain
influences, sustainability knowledge transfer within higher education can be interpreted
both as an educational issue and as an institutional integration/implementation issue. The
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HESD literature is also fragmented in a number of ways. Firstly, the evidence is spread over
several thematic streams of research that are largely independent of each other. Secondly,
the thematic streams are spread over a number of different disciplinary sub-fields. Finally,
this evidence base is lacking in terms of the degree to which there has been a cumulative
synthesization of the findings across these thematic streams. These three features of the
HESD literature create significant barriers to consolidating findings from individual studies
into comparable “what works” claims regarding higher education practice (Hallinger &
Chatpinyakoop, 2019; Lim et al., 2022; Vargas-Merino et al., 2024; Wu & Shen, 2016). Prior
reviews often focus on specific disciplines, single institutions, or individual educational
solutions (e.g., particular pedagogies). As a result, competence and learning-outcome
frameworks, curriculum design, assessment practices, and institution-level embedding are
frequently discussed in partially separate streams of evidence. Consequently, it is challeng-
ing to determine what is currently well-established, where the most robust evidence exists,
and what gaps would most hinder the further development of evidence-informed higher
education practice. As a result, this study conducted a narrative review of the review
literature, supported by a structured database search and a transparent narrowing and
synthesis procedure, to summarize how universities facilitate sustainability knowledge
transfer and competence development. An explicit analytical framework is used to syn-
thesize existing, disparate research literature regarding sustainability knowledge transfer
in higher education and its use as a multi-level, educational implementation problem;
i.e., the development of educational outcomes is influenced by organizational-enabling
conditions that exist at the level of the institution. Two, interrelated pathways of synthesis
were employed to organize this analysis: (1) Institutional Embedding (i.e., leadership and
strategy, governance and accountability, campus operations and external engagement), and
(2) Educational-Level Implementation (i.e., competence and learning outcome frameworks,
curriculum integration, pedagogy and assessment). These two pathways were used to
illustrate how institutional arrangements function both as enablers or barriers to educa-
tional mechanisms and to describe how these mechanisms can be related to measurable
student outcomes. A critical distinction was made regarding descriptive status claims vs.
explanatory mechanisms and practice implications to avoid confounding different types of
evidence and to preserve an interpretive approach for the synthesis of the literature. The
following three research objectives guided this study:

(1) To map the thematic area(s) through which the discussion of sustainability knowledge
transfer occurs in the higher education research literature;

(2) To provide a synthesis of the primary evidence on competence/learning outcome
framework(s); curriculum integration approach(es); pedagogical strategy(ies); and
assessment practice(s);

(3) To identify recurring research gap(s) and practice-implication(s), with a focus on
how educational mechanism(s) connect to measurable student outcome(s) and to
institution-level implementation/governance.

2. Materials and Methods
The purpose of this research was to investigate how universities can facilitate the

transfer of sustainability knowledge and the development of competencies by synthesizing
existing knowledge on this subject. To achieve this objective, a narrative literature review
was conducted, supported by a structured database search and a transparent selection and
synthesis procedure. The methodology used both a narrative review and an interpretive
thematic synthesis in combination with a structured database search to ensure that the
studies identified are clearly traceable and have been selected using transparent methods.
The use of this methodology follows recognized typologies and guidelines for conducting
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both narrative and integrative literature reviews, in which the primary goal is to synthesize
concepts rather than to provide comprehensive coverage as part of a predefined protocol
(Grant & Booth, 2009; Snyder, 2019; Torraco, 2016). A combination of keyword-driven
identification could emphasize the dominant vocabularies used in a discipline and could
potentially undervalue research that is conceptually related but has been documented with
different terms than those typically utilized in the discipline. The use of full-text assessment
criteria to narrow down the search results was an effort to mitigate this potential issue, and
thematic analysis was also conducted at the full-text level (Snyder, 2019; Torraco, 2016).

The literature review was conducted in the Clarivate Web of Science Core Collection
database. This study was restricted to only peer-reviewed review articles that were available
in WoS, in order to provide a synthesis of the field-defining interpretations of sustainability
knowledge transfer in higher education. The time frame of 2015–2025 was selected for
this study to represent the era of accelerated HESD research related to the SDGs as well
as to document the recent expansion into sub-streams focused on competency-based
learning, curriculum design, and assessment methods. The exploratory Topic search
was formulated around sustainability and higher education using core terms related to
sustainability/sustainable development, education for sustainable development/SDGs,
and higher education (topic: title, abstract, author keywords). The results have been
refined with the following filters: Document Types: Review Article, Language: English,
and Publication Years: 2015–2025. With the above settings, 6604 relevant records were
flagged in the Web of Science Core Collection. Bibliometric mapping was applied at the
exploratory stage to provide a descriptive overview of the conceptual structure of the
retrieved literature. The mapping was conducted in VOSviewer 1.6.20. using a keyword
co-occurrence network constructed from bibliographic metadata (title, abstract, and author
keywords). Co-occurrence refers to the frequency with which two terms appear together
within the same record; VOSviewer applies association strength normalization to derive
term relatedness from co-occurrence patterns (van Eck & Waltman, 2010). In the resulting
map, terms positioned closer to each other indicate stronger relatedness based on these
normalized co-occurrence links, while clusters represent groups of terms that are more
strongly related to each other than to terms in other groups. This visualization was used
for descriptive scoping and transparent reporting of the literature landscape and was not
used as an inferential statistical test.

In Figure 1, the research area focuses on the two main themes “Education for Sus-
tainable Development” and “Sustainability” and forms the core of the entire VOSviewer
keyword co-occurrence network (van Eck & Waltman, 2010). In addition to this central
core, the network includes several thematic clusters, all connected. Several interrelated
thematic clusters are visible. A first cluster centers on the student dimension of ESD (e.g.,
“students,” “education”). A second cluster is focused on the curricular and institutional
dimensions of implementing ESD (e.g., “curriculum,” “university,” “key competencies,”
“knowledge”). The third cluster, based on “Higher Education” and “Integration,” indicates
an additional literature base that examines sustainability as a separate integration prob-
lem in Higher Education. The link between “Bibliometric Review” and “Environmental
Education” may indicate a research line that follows the historical origins of the field and
a trend-based approach to the study of research. Overall, the network is consistent with
the idea that sustainability knowledge transfer in Higher Education is primarily discussed
from a competence- and curriculum-focused perspective; therefore, it offers possibilities
for further research on linking institutional integration with student outcomes.

https://doi.org/10.3390/educsci16040570

https://doi.org/10.3390/educsci16040570


Educ. Sci. 2026, 16, 570 4 of 15

Figure 1. Visual representation of the wide research. Source: Author’s own work, dataset based on
WOS, 2026.

Given the size of the exploratory results (n = 6604), a topic-refined query was ap-
plied to construct focused higher-education evidence set for synthesis. No additional
bibliographic limits were introduced beyond the focused keyword query and the stated
database filters. The following keywords were used: (“higher education” OR “tertiary edu-
cation” OR university OR universities) AND (“education for sustainable development” OR
ESD OR SDG OR SDGs OR “sustainable development” OR sustainability OR sustainable)
AND (“sustainability competence” OR “sustainability competences” OR “key competence”
OR “key competences” OR “learning outcome” OR “learning outcomes” OR “graduate
attribute” OR “graduate attributes” OR curriculum OR “curriculum integration” OR peda-
gogy OR pedagogical OR “course design” OR “transformative learning” OR “experiential
learning” OR “service learning” OR “problem based learning”)) NOT (“primary school”
OR “secondary school” OR “high school” OR “K-12” OR K12). As a result, this refinement
yielded 289 records in the Web of Science Core Collection. Titles, abstracts and keywords
were then used to screen for education-transfer relevance, and 104 records were taken
forward for full-text assessment and manual thematic extraction (n = 185 not progressed).
The shortlist size (n = 104) reflects feasibility constraints for full-text assessment and manual
thematic extraction rather than a fixed top-N rule.

In Figure 2, the co-occurrence of keywords in the VOSviewer network is organized
around “Education for Sustainable Development” and “Sustainable Development”. The
three main recurrent clusters are: (i) Student-related concepts (e.g., students, education),
(ii) Curricula and competence-based implementation (e.g., curricula, universities, key com-
petences), (iii) Integration-related concepts (e.g., higher education, integration). Globally,
the map illustrates that, after filtering, the literature is most densely linked to the compe-
tence and curriculum implementation; Institutional integration can be seen as an isolated
stream from the others, which could indicate a potential area to improve the linkages
between the embedding of institutions and their effects on the students’ results.

https://doi.org/10.3390/educsci16040570

https://doi.org/10.3390/educsci16040570


Educ. Sci. 2026, 16, 570 5 of 15

Figure 2. Visual representation of the filtered research. Source: Author’s own work, dataset based on
WOS, 2026.

In order to provide a structured and transparent approach to narrowing down the
remaining large number of relevant studies after the first filtering step, a rule-based rele-
vance scoring approach was applied to assign each record an initial relevance score; the
screening was informed by whether predefined education-transfer related terms were
present in the title, abstract, or keywords of the study. In addition to determining whether
the terms were present, a second level of analysis was conducted to assess whether key
terms that co-occurred within the same record were present together in the same study.
The next step involved shortlisting 104 studies for full-text assessment from the focused
set of 289 records; these studies would then be subjected to detailed thematic extraction
and narrative synthesis. This process ensured that the final sample of studies selected for
inclusion in the qualitative synthesis captured an education-focused subset of studies in
the WOS database, while at the same time limiting the sample size to allow completion of
the thematic extraction and narrative synthesis.

A rule-based relevance scoring step was applied solely as a transparent prioritization
device to focus full-text reading for a narrative synthesis, given the breadth and heterogene-
ity of the retrieved literature and the feasibility limits of reading all candidates in depth. No
PRISMA-style protocol or automated eligibility decision was implemented, and inclusion
was not determined by the score. Instead, the score was used to rank records so that
conceptually central contributions were read first and taken forward to thematic extraction,
while interpretive judgement was retained at the full-text stage where concepts, definitions,
and contributions to the narrative framework could be assessed. Ranking or prioritization
approaches of this kind are well documented in review workflows as information-retrieval
or text-mining support, where the purpose is to order screening or reading effort rather
than to replace reviewer judgement or to exclude studies automatically (Grant & Booth,
2009; Greenhalgh et al., 2005; Waffenschmidt et al., 2018).

For the 104 records taken forward to full-text assessment and thematic extraction, the
following data were extracted (where available):
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• The review approach reported by the article (systematic, scoping, bibliometric,
meta-analytic);

• The education dimension being focused upon (competences, curriculum, pedagogy,
assessment);

• Any disciplinary focus (e.g., business, engineering, etc.);
• The primary reported findings from each article, as well as any identified gaps

in knowledge.

The synthesis utilized a thematic-narrative method; the themes evolved as they
reflected recurring trends in the synthesized literature and were informed by exam-
ples of exemplary review studies in major sub-streams (exemplary competence as-
sessment tool reviews, exemplary experiential learning outcome studies, exemplary
whole-institutional reviews, and exemplary reviews of SDG-linked teaching/learning
strategy implementations).

This structured narrowing was used to focus the narrative synthesis on education-
transfer mechanisms and measurable learning outcomes, rather than to claim exhaustive
coverage of the field (Snyder, 2019). To improve interpretability and align with the study
aims, the focused set (n = 289) underwent a two-stage narrowing procedure. First, ti-
tles, abstracts and keywords were used to apply an initial relevance scoring based on
three record fields (title, abstract, keywords) across three dimensions: (i) review-reporting
transparency signals (review type/methodology; clarity of search and selection reporting),
(ii) educational mechanisms (curriculum/programme design; pedagogy; assessment), and
(iii) learning outcomes/competences (learning outcomes; competences/skills/graduate at-
tributes; measurement/evaluation). Based on this scoring, 104 records were taken forward
for full-text assessment and manual thematic extraction (n = 185 did not progress).

An in-depth reading stage retained records that explicitly addressed (i) a higher-
education teaching–learning mechanism and (ii) sustainability outcomes/competences
with sufficiently clear reporting to support extraction, resulting in 70 eligible records (n = 34
not retained at this stage). Finally, within the eligible set, feasibility-informed narrowing
was applied to enable deep manual synthesis, yielding 63 studies for the final thematic
narrative synthesis.

The final corpus (n = 63) was synthesized using an interpretive thematic synthe-
sis approach aligned with narrative and integrative review guidance, where the aim is
concept development and pattern identification rather than exhaustive protocol-driven
coverage (Grant & Booth, 2009; Snyder, 2019; Torraco, 2016). Full texts were read in full
and extracted using a structured template capturing: (1) review type and evidence base,
(2) higher-education focus and disciplinary scope, (3) the primary sustainability educa-
tion mechanism(s) addressed (curriculum integration, pedagogy, assessment, governance
and institutional embedding), and (4) any explicitly reported outcomes, competencies, or
evaluation approaches.

Cross-cutting linkage indicators (L and M). Two cross-cutting binary indicators were
recorded across all included reviews to support transparent reporting of limitations dis-
cussed in the narrative synthesis. L (mechanism–outcome linkage) was recorded as 1
when an explicit statement linked a specified teaching–learning mechanism (for example, a
named pedagogy, curriculum design choice, or assessment approach) to a defined student
outcome (for example, competence, learning outcome, knowledge, attitude, or behaviour)
in a directional or evaluative way (for example, “is associated with”, “leads to”, “affects”,
“improves”), such that mechanisms and outcomes were analytically connected rather than
listed separately. M (cross-study outcome-measure comparability) was recorded as 1 when
student outcomes were explicitly compared across more than one underlying study (for
example, by comparing comparable metrics, synthesizing effect estimates, mapping in-
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struments onto a common construct for comparison, or making an explicit comparability
assessment that enabled cross-study comparison). For both indicators, a short support-
ing excerpt and a page locator were recorded to ensure auditability of coding decisions.
Summary of the joint distribution of L and M. Both marginal frequency distributions and a
2 × 2 cross-tabulation of the joint distribution of L and M were prepared to identify four
mutually exclusive patterns across the corpus: (i) both L and M present (L = 1, M = 1), (ii) L
present and M absent (L = 1, M = 0), (iii) M present and L absent (L = 0, M = 1), and (iv)
neither L nor M present (L = 0, M = 0). This cross-tabulation was used to determine whether
linkage and outcome-measure comparability tended to co-occur in the same review or
appeared independently in the review literature.

The fact that this review was based on a structured narrative format means that the
stages of narrowing were focused on providing clear interpretation and relevant themes
rather than covering all possible aspects in detail. Consequently, potentially small, niche
empirical streams of the literature that have used different terms to describe their research
or have been indexed outside of Web of Science (WoS) may be underrepresented as a result.
In order to reduce this risk, multiple field searches (i.e., title/abstract/keywords) were
conducted; iterative refinement of search queries was employed; and the prioritized subset
of records was extracted using full-text data.

3. Results
The commonality across all the reviews in the last corpus (n = 63) was the identi-

fication of a set of commonalities among each other as a whole based on the applica-
tion of the full-text extraction template described in the Materials and Methods of the
pattern found to be present across many independent reviews (evaluation mechanisms,
outcomes/competencies and methods of evaluation). In the last review corpus, there is
consistent evidence of Higher Education Institutions being the primary setting in which
sustainability/ESD/SDGs will be implemented in addition to providing an opportunity to
develop sustainability-related knowledge and competences through both the practice of
education and actions taken at the level of the institution (Hallinger & Chatpinyakoop, 2019;
Lozano et al., 2015; Menon & Suresh, 2020; Wals, 2014; Wu & Shen, 2016). To address the
requested ordering, the synthesis below is presented from the most frequently referenced
ideas to the least frequently referenced ideas across the final corpus (n = 63), as identified
through the full-text extraction template. Two overarching themes were most frequently
referenced in the included reviews: (i) Institutional Embedding and Governance Level Inte-
gration (strategy and leadership, accountability, reporting/disclosure, campus operations,
external engagement) and (ii) Educational Level Implementation (competences/learning
outcomes, curriculum integration, pedagogy, assessment) (Lozano et al., 2015; Menon &
Suresh, 2020; Viegas et al., 2016). Across the final corpus (N = 63), the institutional embed-
ding theme was identified in N = A reviews, the educational implementation theme was
identified in N = B reviews, and both themes were identified jointly in N = C reviews (counts
derived from the full-text extraction template described in the Section 2). A third recurring
theme or “field development” theme comprises the bibliometric and narrative overviews
of the field’s history and structure (Fauzi et al., 2022; Hallinger & Chatpinyakoop, 2019).

The institutional embedding pathway has, in each of the reviewed syntheses, a com-
mon focus on the entire institution as a whole, which relates to the strategy and leadership,
to governance and accountability, to reporting and disclosure, and to campus operations
with external engagement (Menon & Suresh, 2020; Wals, 2014; Wu & Shen, 2016). Several
studies show that SDG/ESD and sustainability are embedded at the institutional level,
and that the emergence of sustainability in higher education is not only a curricular issue
but also an institutional-level strategic and operational transformation: the coordination
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of campus operations, research, education, and community connections (Bizerril et al.,
2018; Machado & Davim, 2023; Menon & Suresh, 2020; Popowska & Sady, 2023; Viegas
et al., 2016; Viera Trevisan et al., 2024). The SDGs often serve as a “common language”
for this, which also links the social responsibility, pedagogical innovation and communi-
cation of higher education institutions (Alcántara-Rubio et al., 2022; Eichberg & Charles,
2024; Fauzi et al., 2022; Wu & Shen, 2016). The corpus includes several country- and
region-focused overviews that interpret progress and barriers to sustainability in specific
contexts (e.g., Pakistan, rural universities in South Africa, post-Soviet regions) (Hinduja
et al., 2023; Hovakimyan et al., 2021; Uleanya, 2022). A typical intersection of these is
that institutional capacities, leadership, organizational learning, and available resources
(including funding) appear as determining conditions (Montenegro de Lima et al., 2020;
Sanchez-Carrillo et al., 2021; Viera Trevisan et al., 2024). Sustainability communication
and “visibility” have also become a separate sub-topic: this includes summarizing the
motivations for online disclosure related to the SDGs and reviewing trends and patterns in
sustainability reporting (Ceulemans et al., 2015; Omazic & Zunk, 2021; Rosa et al., 2023;
Sawani et al., 2024). In addition, several bibliometric studies highlight research patterns on
sustainable performance in higher education and on institutional engagement in climate
action (Bimo et al., 2024; Mazutti et al., 2025; Umar et al., 2024).

One of the most consistently reported findings of the research is the systematization
of sustainability competencies and the learning outcomes associated with them (Galleli
et al., 2019; Gutierrez-Bucheli et al., 2022; Lozano et al., 2015; Lozano et al., 2017; Vysali &
Krishnan, 2025). One direction is the integration of competence frameworks and teacher
competencies (what the literature considers “sustainability competence” and the teaching
skills needed to teach sustainability) (Bates et al., 2022; Corres et al., 2020; Sedkaoui et al.,
2025). The other direction is the specific application of competences, such as sustainability-
driven entrepreneurial and business development competences (including the Chinese
higher education context), and their mapping to teaching and learning methodologies
(Y. Liu et al., 2025; Mindt & Rieckmann, 2017). The output dimension of the student
side is especially strengthened by the beliefs and attitudes related to sustainability, which
appears as a “soft” indicator of learning outcomes in the review literature (Concina &
Frate, 2023). The disciplinary formulation of learning outcomes is also emphasized. In
engineering education, the overview of sustainability learning outcomes and a summary
of global trends in outcome-based education (OBE) linked to the SDG perspective are
also presented (Mahrishi et al., 2025). The competency strand is linked to the overview of
“meta-competences” and the comprehensive skills needed to address complex, real-world
problems, which implicitly points to the transversal nature of sustainability education. A
similarly broad interpretation of the outcome is represented by specific “foundational”
educational directions linked to sustainability education, such as curricular logic based
on self-assessment (in the context of sustainable education) and the summation of health
literacy approaches to higher education (Nuryana et al., 2023; Røe et al., 2025).

Based on the research, one of the most common implementation paths of sustainability
knowledge transfer is curriculum integration, which is examined by several reviews in
different countries and fields (J. C.-E. Liu & Kan, 2023; Pham Xuan & Håkansson Lindqvist,
2025; Tu & Creativani, 2025). Within this, there is a strong focus on the trainings related to
design, design and the built environment: a review of the sustainability pedagogy of design
and design education, the integration of architecture programmes into sustainability, and
the problems of sustainable design education (Taiwan) and policy–practice–pedagogy are
also present (Boarin & Martinez-Molina, 2022; Park et al., 2022). Other disciplinary nodes
include sustainability in infrastructure construction higher education program offerings,
barriers and intervention points in sustainable fashion design education, sustainable food
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systems higher education, and teaching sustainable tourism events and implications of
Japanese higher education (Handler & Tan, 2022; Hassan & Ahmad, 2025; Salminen et al.,
2024; Sandanayake et al., 2022; Yang & Ng, 2026). In higher education in management and
business, the emergence of sustainability and SDGs is given a separate overview focus,
which indicates that curricular integration is relevant not only in technical or design fields
(Figueiró & Raufflet, 2015; Nguyen et al., 2025).

At the level of pedagogical outcomes, several reviews emphasize that, in the transfer of
knowledge on sustainability, the pedagogical form (how we teach) is at least as important as
the content (what we teach) (Bakar et al., 2024; Basheer et al., 2024; Park et al., 2022; Redman
et al., 2021; Sedkaoui et al., 2025). For example, a review of the relationship between civic
universities and the SDGs explicitly highlights the role of inclusive and transformative
pedagogical pathways (Eichberg & Charles, 2024; Lim et al., 2022; Wyness & Sterling, 2015).
This is also linked to the summary of community-engaged teaching and learning in higher
education as an SDG support mechanism (Hallinger & Chatpinyakoop, 2019; Singh et al.,
2024). In the literature on socio-emotional competencies, a meta-analytical summary of
mindfulness-based ESD approaches appears, which shows that a part of sustainability
education now thinks not only in terms of cognitive but also in terms of affective and social
learning goals (Gómez-Olmedo et al., 2020). Finally, although not with a sustainability-
specific label, the overview of service design pedagogy (from the point of view of added
value and innovation potential) also fits into the scope of pedagogical innovations in higher
education (Ding et al., 2023).

A separate thread of the corpus is the emergence of digital transformation and AI
in higher education, partly with explicit sustainability framing. These include a review
of the links between AI-sustainability-higher education (towards the SHE framework)
and a bibliometric analysis of sustainable digital transformation in the context of higher
education (Omar & Abdullahi, 2024; Toha, 2026). A further intersection is the interpretation
of e-learning from a sustainability perspective (HR in the context of higher education
training) and the review of digital teacher competence (Colás-Bravo et al., 2021; McCotter,
2023). The issue of digital competence is also directly reinforced by the article on the digital
competence of Chinese in-service university lecturers (Lan et al., 2024). The SDG strand of
technological pedagogy is represented by the review of VR applications in higher education,
which explicitly positions the topic in an SDG framework (Llanos-Ruiz et al., 2025).

Cross-cutting limitation: linkage of mechanism to outcome, and comparability of
outcome measures across studies. The final corpus contained a total of 63 studies. Of these
studies, the mechanism-outcome linkage was documented within the review for a total of
46 studies, and cross-study comparison of the outcome measures used was documented
for a total of 42 studies. Joint coding of the data provided an indication of the number of
studies that included documentation of both linkage and comparative outcome measure
use (n = 42), studies that included documentation of linkage but no documentation of
comparative outcome measures (n = 4), studies that included documentation of comparative
outcome measures but no documentation of linkage (n = 0), and studies that included
documentation of neither linkage nor comparative outcome measure (n = 17). These
results indicate that there is variability in the reporting of both the linkage of mechanisms
to outcomes and the comparison of the outcome measures across studies in this body
of evidence.

4. Discussion
The number of studies that provide evidence for this topic is increasing; however,

aggregating evidence continues to be a challenge due to the variations across each theme
including: competency-based framework, study design and measurement of outcomes.
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This Discussion uses the final synthesis dataset (n = 63) for all of the analyses described
in this paper; the rationale for the three-stage narrowing of the initial dataset (n = 289)
to a focus dataset (n = 104), and then to the final eligible dataset (n = 70) is described in
the Section 2 and illustrated graphically in Figure 3. Additionally, there appears to be a
recurring disconnect with respect to the “linkage” between the specific mechanisms used
in teaching and learning processes and resultant demonstrable student outcomes. This
“disconnect” limits our ability to determine what works and for whom in an institutional
context. In the current study, a “linkage” between an educational institution or teaching-
learning mechanism and a particular student outcome (and/or how that outcome was
measured) is defined as being present only when at least one of the synthesis papers
reviewed explicitly connects the two (i.e., makes a direct cross-level connection). Conversely,
concepts are reviewed separately when no such explicit linkage exists.

 

Figure 3. Study identification and narrowing overview (transparent narrowing process). Source:
Author’s own work, 2026.

Firstly, there is considerable evidence to suggest that much of the literature focused
on institutional embedding and educational implementation has treated each domain as
separate entities; yet in reality these operate as a couple of set conditions and mechanisms.
The separation of these two domains into separate entities has resulted in the fragmen-
tation of evidence due to institutional factors being treated as contextual, rather than as
mechanisms that can be related to learning outcomes. Secondly, the persistent difference
in student outcome measurement is partially due to the prevalence of case-based design,
short evaluation horizons, and non-comparable competency measures that combined result
in limited cross-study synthesis and cumulative inference. Gaps were identified through
the structured identification of recurring limitations and explicit future research needs cited
within the included review articles and alignment of those gaps with the two integrative
pathways. An area was identified as a gap if it occurred across multiple synthesized papers
or when there was a lack of directly measurable outcome evidence for a pathway compo-
nent. This continued persistence is reflective of broader issues in defining and assessing
learning outcomes of sustainability education that are frequently assessed using broad,
locally developed instruments that reduce the ability to compare constructs and discourage
longer-term and cross-institutional evaluation designs.
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What Is Well-Established, Where Evidence Is Strongest, and What Gaps Most Hinder
Evidence-Informed Higher Education Practice

In addition to providing a common structure that was consistently applied throughout
the final corpus to represent the “implementation” of sustainability knowledge transfer,
the reviewed literature provides a multi-level framework for understanding sustainability
knowledge transfer:

- Institutional Domain (strategy, governance, reporting, operations, engagement).
- Educational Domain (competency frameworks, curriculum integration, pedagogy,

assessment).

While evidence for both domains exists in the literature, it is much stronger at the
organizational/descriptive level, providing documentation on how institutions implement
sustainability through structures (i.e., reporting requirements), strategies (e.g., development
of a sustainability plan), and through institution-wide approaches (e.g., developing a
sustainability committee). However, when considering comparative/cause-and-effect
research on the effectiveness of educational programmes to promote sustainable learning
outcomes, evidence is much weaker due to the predominance of case studies; the relatively
short time frames over which evaluations occur; and the lack of comparability among
outcome measures. Therefore, the largest limitation is the failure to link specific educational
program design elements (i.e., curriculum, pedagogy, assessment) with measurable student
outcomes, thereby blocking cumulative “what works” inferences based upon empirical data.
In addition to this limitation, there are other limitations including the lack of validation of
many of the tools and instruments used to measure outcomes, and the practice of treating
institutional enablers (i.e., reporting requirements, availability of funding) as context rather
than as variables whose effects could be tested.

Based on the overall picture of the reviewed corpus, research on sustainability knowl-
edge transfer in higher education has expanded markedly in the SDG era, while synthesis
remains challenging due to thematic and methodological heterogeneity (Machado & Davim,
2023; Wals, 2014; Žalėnienė & Pereira, 2021). However, it is still divergent and complex
to compare on several points. The most important gaps and directions for progress are
the need to link pedagogical solutions more clearly to specific competences and learning
outcomes, to develop more uniform and better-validated measurement tools for impact
measurement, and to better understand how leadership, funding, and organizational
learning affect implementation at the institutional level. In addition, it is unclear to what
extent sustainability reporting and SDG communication will go hand in hand with real
educational and organizational change. At the same time, the spread of AI and digital
learning environments will create new risks and opportunities for learning outcomes and
assessment. However, assessment validity can also be compromised if AI-generated out-
put is indistinguishable from the individual’s own demonstrated competence; conversely,
AI-analytic support and AI-based adaptive learning design can also be utilized to provide
stronger feedback, scaffolding, and longitudinal measurement of competence develop-
ment. Finally, context-sensitive comparisons should be strengthened to make it more
straightforward which solutions work well in which countries and institutional types.

5. Conclusions
Sustainability knowledge transfer in higher education is primarily depicted in the

thematic narrative synthesis of the final corpus (n = 63 review articles) based upon two
interdependent domains: institutional embedding and educational level implementation
(competence/learning outcomes, curriculum integration, pedagogy and assessment). A
common theme throughout the included reviews was that the explicit alignment of compe-
tence or outcome target(s) with curriculum and course design decision(s) and assessment
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approach(es) was often stated as a critical factor in making educational claims demon-
strable. Conversely, the reviewed literature has also indicated that the implementation of
sustainability education is often influenced by the institutional capacity and/or incentives
for such implementations. Digitalization and AI-related technologies are being increasingly
referenced in the reviewed literature as both opportunities and challenges, particularly for
developing competencies and ensuring the reliability of assessments. Therefore, we would
encourage researchers to: (i) enhance comparability in reported outcomes and methods of
assessment, (ii) better document the relationships between pedagogical mechanisms and
documented student learning results, and (iii) examine contextual institutional conditions
that will enable the continued and large-scale provision of sustainability education in
higher education.
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