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Abstract

This paper examines the integration of sustainability in higher education, focusing on how
business, economics, and finance students relate their work to the Sustainable Development
Goals (SDGs). We develop SustainSight, an inference engine using natural language process-
ing to assess sustainability content in written text. Using SustainSight, we analyze over 23,000
bachelor’s and master’s theses from the five largest Swedish universities offering programs
in business, economics, and finance spanning a 15-year period. This unique dataset allows
us to provide insights into how sustainability is reflected in students’ theses, with a focus
on variation by gender, education level (bachelor/master), discipline, and university. For the
subset of theses, for which we have the authors educational program and data on curriculum
reforms, a staggered difference-in-differences model is estimated. We find that integration
of sustainability into degree requirement substantially increases the likelihood that students
include sustainability perspectives into their theses. Finally, we conduct a topic analysis to
explore in greater depth what students write about when addressing sustainability-related
issues.

Keywords NLP - Sustainability assessment - Higher education -
Business and economics programs

Introduction

The educational system has been identified as a key enabler of Agenda 2030 (Rieckmann,
2017). Adopted by UN member states in 2015, Agenda 2030 aims to address global chal-
lenges through 17 Sustainable Development Goals (SDGs).! While education is explicitly
recognized as a stand-alone Goal (SDG 4), it also plays a critical role in achieving other SDGs

1 https://sdgs.un.org/goals
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(Chankseliani & McCowan, 2021). By providing broadened perspectives and developing rel-
evant skills and competencies, education is instrumental in addressing all other global goals,
from climate change (SDG 13) and affordable and clean energy (SDG 7) to gender equality
(SDG 5) and decent work and economic growth (SDG 8). Subsequently, higher education
institutions around the world increasingly recognize the importance of including environ-
mental and societal dimensions in education. Several acclaimed institutions have embedded
such ambitions in their mission statements and strategies, for example, Harvard Universityz,
“...learning how they [students] can best serve the world,” and Cornell University”, “...apply-
ing the knowledge we create for the benefit of society.” Since 2019, Times Higher Education
provides an Impact ranking where over 2000 universities are ranked on their contributions
to the Sustainable Development Goals®*.

As ambitions to integrate sustainability into higher education have grown over time, assess-
ing the effects of changes to curricula, as well as other educational activities, has become
increasingly important. This assessment is crucial not only for ensuring that developments
align with institutional strategies, but also for meeting the growing sustainability reporting
requirements of higher education authorities and accreditation bodies (the latter perhaps
especially important for Business Schools). While an extensive literature addresses how sus-
tainability is integrated into higher education (for an overview, see Fia et al., 2023), there
is generally less guidance on methods for measuring the outcomes of these efforts or, more
broadly, on how to measure higher education’s contribution to global common goods (Tian
et al., 2024). One important reason for this shortfall is that relevant outcome data are often
embedded in text documents, such as curricula, exams questions, exam responses, reports,
and, notably, student project papers and Bachelor’s/Master’s theses, which complicates sys-
tematic data extraction.

At the same time, technological advances in data-driven text analysis, such as natural lan-
guage processing (NLP), machine learning, and semantic analysis, have created opportunities
for extracting deeper and more comprehensive insights from written text. This has resulted
in an increasing number of researchers applying these methods to study research questions
which were previously difficult to analyze. For example, there are a number of studies that
use such methods to study the integration of sustainability within educational curricula and
specifically the alignment with the SDGs (see, e.g., Adams et al., 2023; Lemarchand et al.,
2022). However, less attention has been paid to other crucial educational outcome measures,
such as how students incorporate sustainability perspectives into their written assignments
and theses and how these perspectives have evolved over time, potentially influenced by
changes in the curriculum.

In this paper, we develop an “inference engine,” a tool based on advanced keyword-based
and data-driven text analysis methods, to assess sustainability content in text. Importantly,
the inference engine is based on a methodology that provides a good proxy of educational
outcomes by evaluating students’ work from a sustainability perspective, as assessed through
alignment with the SDGs. While previous studies have applied similar text analysis methods
(primarily NLP) to examine research papers and institutional research priorities (see, e.g.,
Montenegro De Lima et al., 2020; Abad-Segura and Gonzdlez-Zamar, 2021; Fauzi et al.,
2023), our approach shifts the focus from research output to educational output. By analyzing

2 https://college.harvard.edu/about/mission- vision- history Harvard Mission and Vision.

3 https://statements.cornell.edu/2019/20190828-community-welcome.cfm Cornell University Community
Statement.

4 https://www.timeshighereducation.com/impactrankings
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student theses, we enable a novel perspective on how the integration of sustainability into
education is reflected in student work.

However, data-driven text analysis methods require careful system design and execution.
While higher education institutions can, in theory, process and extract data from text sources,
effectively leveraging these rapidly evolving methods requires competencies in both data-
driven text analysis and sustainability. This combination is essential not only for conducting
the analysis but also for accurately interpreting the results. With this in mind, we have aimed
to design an inference engine that is transparent and adaptable and produces results that are
easy to interpret.

As a case study in this paper, we use the inference engine to assess and compare SDG con-
tent in student-written texts (23,758 theses) from the five largest Swedish business schools and
universities offering programs in business, economics, and finance. The data extracted using
SustainSight provide insights into how sustainability is reflected in students’ theses, with a
focus on variation across gender, education level (bachelor/master), discipline, and univer-
sity. Building on recent advances in the causal inference literature (Callaway & Sant’ Anna,
2021), we also use a subset of the data to evaluate the causal impact of curriculum reforms,
specifically the integration of sustainability into degree requirements, on the likelihood that
students incorporate sustainability perspectives into their theses. Finally, we conduct a topic
analysis to explore in greater depth what students write about when addressing sustainability-
related issues. Our paper contributes methodologically to the assessment of SDG content in
student-written texts and empirically to understanding the effects of integrating sustainability
into business, economics, and finance education.

The paper is organized as follows. In “Background and related literature,” we introduce
the background and review existing literature that analyzes SDGs using written text. We
then discuss the specific NLP methods used to map SDGs. In “How we use NLP to assess
sustainability content in theses,” we introduce and describe our SDG mapping and inference
engine, SustainSight. Following this, in “Case study: five Swedish universities,” we present
a case study applying SustainSight to analyze the five largest Swedish business schools and
universities that offer degrees in business, economics, and finance. “Concluding remarks”
concludes.

Background and related literature
Sustainability assessment from texts

Any evaluation or assessment of the impact of sustainability integration in educational pro-
grams requires a definition of what sustainability as a concept entails. Defining sustainability,
however, is quite complex, as can be seen by the extensive body of literature discussing this
topic (see, e.g., Kuhlman and Farrington, 2010; Giovannoni and Fabietti, 2013; Farley and
Smith, 2020). Hence, assessing whether a body of text incorporates a sustainability per-
spective requires some degree of judgment. The concept has also evolved from the famous
broad Brundtland definition (Bruntland et al., 1987) where Sustainable Development was
defined as “meeting the needs of the present without compromising the ability of future gen-
erations to meet their own needs.” Since the adoption of the 17 SDGs, this framework has
largely replaced the Brundtland definition in public discourse, particularly within the corpo-
rate sphere. While the SDGs are more detailed and address a broader range of challenges than
the Millennium Development Goals they replaced, they remain essentially a global “to-do
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list” and have been criticized for lacking a strong theoretical foundation and being overly
ambitious, and their broad scope hinders focused, effective efforts (Swain, 2018). Addition-
ally, there is an inherent contradiction between the socioeconomic goals (e.g., SDG 8) and the
environmental goals (like SDG 13 or 15), particularly given the somewhat vague language
used. Despite their shortcomings, the SDGs remain the current framework and roadmap for
global efforts on Sustainable Development. They represent a historical consensus, signed by
all 193 UN member states in 2015. For the remainder of the paper, we assume that the SDGs
capture all relevant aspects of sustainability and will therefore use the terms interchangeably.

There are essentially two ways to assess the sustainability content of written text. One
method is to rely on human judgement to infer sustainability relevance from the text which
is often time-consuming, and their results can be subjective, as they depend on personal
perceptions and experiences. This type of “self-reporting” is commonly used in corporate
sustainability reporting, as well as in university accreditation processes and rankings.

The other method for extracting outcome data from text is through automatic analysis,
which incorporates both quantitative and qualitative aspects. Quantitative analysis typically
determines whether a body of text is relevant to the SDGs in order to aggregate relevant data,
while qualitative analysis focuses on extracting topics and context to gain deeper insights.
Together, these assessments aim to provide as complete an understanding as possible of how
an organization aligns with SDG-related goals and objectives. In the following subsection,
we review literature that utilizes automatic assessment analysis to extract information about
SDGs in higher education.

SDG mapping in higher education

NLP has been widely used to evaluate sustainability efforts, utilizing the SDGs as a frame-
work. This process, known as SDG mapping, typically involves analyzing large text corpora,
such as academic papers or policy documents and assigning relevant SDGs to specific seg-
ments of text. By determining the relevance of each text to SDGs, researchers attempt to
measure how well an institution’s activities align with these goals. The aggregated relevance
of all analyzed texts is then used to determine the extent of attention/effort an institution
devotes to each SDG. This approach can, if carried out well, enable a systematic and quan-
tifiable assessment of an institution’s work related to sustainability, highlighting strengths
and potential gaps.

Systematic and automated approaches in the literature are primarily found in studies
that analyze universities’ research output (Smith et al., 2023; Amoros Molina et al., 2023).
These typically rely on text analysis of research papers and their bibliometrics (Montenegro
De Lima et al., 2020; Prieto-Jiménez et al., 2021; Fauzi et al., 2023), which represent the
main scholarly contributions of faculty and researchers. Titles and abstracts are often mapped
to relevant SDGs, enabling quantification of SDG-related research as well as insights into
institutional sustainability efforts. Some studies further use bibliometric and topic analysis to
examine trends and impact of SDG research (Montenegro De Lima et al., 2020; Abad-Segura
& Gonzalez-Zamar, 2021; Fauzi et al., 2023).

Animportant gap in existing research concerns the types of outputs studied. While research
papers are central to universities, they do not necessarily reflect educational outcomes, as
they are authored by researchers whose work is guided by their academic interests rather
than student learning. Moreover, as researchers secure more funding, they often teach less,
limiting students’ interaction with these researchers. This study addresses this key research
gap by using student theses as the corpus to assess how sustainability is integrated into higher
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education. If universities’ sustainability efforts are affecting educational content, such effects
can reasonably be expected to appear in these texts.

NLP techniques for SDG mapping

In the literature, two primary techniques are used to assess the SDG relevance of a text
segment: keyword-based and data-driven techniques.

Keyword-based techniques

Keyword-based approaches map text to SDGs using predefined keyword lists. For example,
Wang et al. (2023) use text mining to construct a contextualized keyword list for identifying
SDG-related research, while Korfgen et al. (2018) develop a list of 1000 terms to analyze SDG
focus areas in Austrian universities. The widely adopted keyword list by Jayabalasingham
et al. (2019) has informed several studies (European Commission. Joint Research Centre,
2023).

Constructing effective keyword lists requires domain expertise, and updates are needed
as language evolves. Queries based on these lists allow researchers to analyze texts for SDG
alignment. However, poorly designed queries risk false positives (incorrectly identifying
irrelevant texts as relevant) or false negatives (failing to identify relevant texts) depending on
keyword specificity. For example, a broad term like “energy” may result in a false positive
by tagging a thesis on employee engagement as relevant to SDG 7 (Affordable and Clean
Energy), while an overly narrow phrase such as “photovoltaic cell efficiency” may cause a
false negative by missing broader discussions on renewable energy.

Data-driven techniques
Data-driven techniques use machine learning, deep learning, or generative models to classify
text by SDG relevance. These models typically rely on labeled data, such as the annotated
corpora from the Open Source SDG (OSDG) initiative (Pukelis et al., 2022, 2020), which
include SDG labels and confidence scores.

Machine learning models typically refer to traditional data-driven techniques (Hajikhani
& Suominen, 2021, 2022; Morales-Hernandez et al., 2022; Wulff et al., 2023). In contrast,
deep learning approaches, which are part of the broader field of machine learning, rely on
transformer-based neural network architectures and include models such as BERT (Devlin et
al., 2018) and GPT (Han et al., 2021), which are capable of capturing more complex semantic
patterns in text. For example, Guisiano et al. (2022) apply deep learning to map text to SDGs.

While deep learning models can capture linguistic nuance, they require substantial domain-
specific training data to perform well. Several studies use the OSDG dataset to reduce manual
annotation requirements (Angin et al., 2022; Yao et al., 2024). Yu et al. (2024), for example,
improve climate-related (SDG 13) classification by using tailored annotations. Other studies
generate training data automatically to avoid large-scale annotation (Sovrano et al., 2020;
Guisiano & Chiky, 2021).

Importantly, generative models like ChatGPT possess broad reasoning capabilities but
may underperform on specific SDG tasks due to their general-purpose design (Raman et al.,
2024).

Comparison between keyword-based and data-driven techniques

Keyword-based methods are transparent, require no annotated training data, and can be
easily updated to reflect changes in terminology. Their interpretability makes it clear why
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Fig. 1 Graphical illustration of the steps in the inference engine SustainSight as applied to analyzing student
theses

a text is classified under a given SDG. However, results can vary significantly depending
on the chosen keyword set (Armitage et al., 2020), underscoring the importance of careful
design. Data-driven techniques, on the other hand, can capture more nuanced patterns beyond
predefined terms and adapt to linguistic variation. Yet, they require substantial annotated data
and significant computational resources and are sensitive to domain shift (Zhou et al., 2022;
Liang et al., 2023). Their black-box nature also limits interpretability.

Hence, while a keyword search approach may be less effective in informal settings, such
as social media text mining, where language is more varied and casual, keyword search is
well suited for structured texts such as scientific papers and student theses, where language
is relatively consistent and precise. Its transparency and rule-based logic make it a reliable
baseline for systematic literature reviews and academic database searches (e.g., Scopus,
Springer), even alongside large language models (LLM:s).

Finally, the length of input text segments, from words to full documents, is another crit-
ical design parameter that affects both approaches (further discussed in the Supplementary
Material, Section S1).

How we use NLP to assess sustainability content in theses

In this section, we describe the NLP engine we developed to assess sustainability-related con-
tent in theses (henceforth referred to as “SustainSight”). SustainSight® processes a collection
of student theses in three steps, as outlined in Fig. 1 and described below.

Step 1: data collection

In the first step, we collect thesis data either from publicly available digital repositories
or, when not available, directly from each university. Detailed information about the data
collection process for our case study of five Swedish universities is provided in “Case study:
five Swedish universities.”

5 Our analysis is based on SustainSight version 1.0.0.
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Step 2: SDG classification

SustainSight uses a keyword search mechanism to support transparency and interpretability,
as previously discussed.® Drawing on our expertise in sustainability and business education,
we adapted keywords from the Elsevier SDG classification framework (Jayabalasingham et
al., 2019) to better reflect the language and topics commonly found in theses from business,
economics, and finance programs. Each SDG is linked to a tailored keyword list, applied to
titles, abstracts, and keyword fields using logical operators (AND, OR, NOT). For example,
to identify content on social discrimination under SDG 16, we use the query “discrimination
(NOT price)” to exclude references to price discrimination, a common economics term unre-
lated to discrimination in society. Likewise, “microfinanc* AND poor” is used to classify
content under SDG 1 (No Poverty). A detailed description of the process to develop a set
of keywords and queries that better match the domain of business, economics and finance
education are provided in Supplementary Materials (Section S3).

To assess the robustness of SustainSight, we evaluate its keyword-based method along
three dimensions: keyword design, sources of misclassification, and classification perfor-
mance. Each dimension is discussed thoroughly in Supplementary Material (Section S3). In
short, we evaluate the model using blind annotations, meaning that human experts classify
abstracts, titles, and user-defined keywords as either related or not related to a specific SDG
(without knowing the model’s classification). These human annotations are considered the
“ground truth” against which the model is evaluated. The model then classifies the same
text segments. The model predicts whether a thesis has an SDG perspective by identifying
relevant keywords. Comparing the model’s output to the “ground truth,” we calculate four
evaluation metrics: (1) recall, which measures how well relevant SDGs are retrieved; (2)
precision, indicating how many retrieved SDGs are actually relevant; (3) accuracy, reflect-
ing overall prediction correctness; and (4) F1 score, which balances precision and recall as
their harmonic mean. As further detailed in the Supplementary Material (Section S3), our
approach outperforms a state-of-the-art large language model (GPT-4.1) in overall perfor-
mance, achieving higher recall (with comparable precision). In Section S3, we also discuss
the nuances and judgment required, by both human experts and the model, when deciding
whether a thesis should be considered to have an SDG perspective. Furthermore, we test
our model on a sustainability-focused Master’s program and generally identify 95-100% of
the theses as SDG-related (see Supplementary Material, Section S5), which provides further
evidence that the model performs well.

In this step, we also extract theses metadata, specifically the authors’ gender,7 the level of
study (bachelor or master), and disciplinary background (business, economics, or finance).

Step 3:insights

Using the information compiled in the previous steps, we proceed to generate insights from
the data. In particular, we produce descriptive statistics, regression outputs, visualize trends,
and conduct topic analysis. This type of data can also be combined with other sources for
more in-depth analyses, such as causal evaluations of the effect of curricular interventions.
These steps are further detailed in “Case study: five Swedish universities.”

6 Given the complexity of sustainability, transparent methods are essential. The 16 SDGs (excluding Goal 17,
which concerns implementation) provide a widely accepted and comprehensive framework with quantifiable
targets. Our approach implicitly assumes these goals capture all aspects of sustainability relevant to higher
education.

7 The genders of the authors are estimated based on how frequently these names are associated with males
and female, specifically focusing on the distinction between male and female students.
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Case study: five Swedish universities

The business, economics, and finance disciplines have been criticized for promoting self-
interested thinking and lacking ethical foundations (Ghoshal, 2005; Frank et al., 1993;
Miragaya-Casillas et al., 2023; Acemoglu et al., 2022; Sundemo & Lofgren, 2024). In
response, many business schools have adopted initiatives such as the UN’s Principles for
Responsible Management Education (PRME), which promotes the integration of ethics,
responsibility, and sustainability into curricula, and there is some evidence that universi-
ties and business schools increasingly embed SDGs and ethics in business and economics
curricula (Weybrecht, 2022). However, we know little about the effects of such reforms.
Greater educational exposure to sustainability does not guarantee that students will incorpo-
rate sustainability perspectives when given the freedom to choose. In fact, if sustainability
interventions are perceived as forced, irrelevant, or of low quality, they may even trigger a
backlash.

To shed light on this issue and provide further insights on general trends, this section
uses data extracted by SustainSight to assess the sustainability content of Bachelor’s and
Master’s theses from the five largest Swedish universities offering education in business,
economics, and finance. Specifically, we examine how sustainability is reflected in student
theses across gender, study level, discipline, and institution. We then conduct a causal analysis
of how changes to degree requirements with respect to sustainability affect the likelihood
that students include SDG perspectives in their theses. Finally, we perform a topic analysis
to better understand the themes students address when writing about sustainability-related
issues.

Descriptive statistics and initial insights

In sum, our data consist of all digitally available bachelor’s and master’s theses from stu-
dents in business, economics, and finance at the University of Gothenburg, Lund University,
Stockholm School of Economics, Stockholm University, and Uppsala University. The data
cover the period from 2008 to 2022 and include 23,758 theses (a detailed description of the
data collection process is provided in the Supplementary Material, Section S2). Each thesis
constitutes a unique identifier in this time series and is only observed once.

Table 1 presents descriptive statistics, specifically the number of theses and the share of
theses related to at least one SDG, by university, as well as by university and the level of
study, disciplinary background, and gender composition of the author team. It is important
to note that we only have theses from Stockholm University (SU) in the discipline of busi-
ness administration, meaning we lack data on economics and finance. Additionally, Uppsala
University (UU) does not offer finance. We refer to the Supplementary Material, Section S4,
for graphical illustrations of the data, also including more details about the most common
SDGs addressed by students and trends over time.

To explore factors associated with the presence of an SDG perspective in theses, we can
compare the inclusion of sustainability themes across degree levels (bachelor vs. master),
gender composition of the authors, and disciplinary focus. We observe notable differences
across gender and disciplinary fields. Across all universities, theses authored exclusively
by female students are more likely to engage with SDG perspectives compared to those
authored by mixed-gender or all-male groups. Looking at the entire sample, 32% of female-
only authored theses relate to at least one SDG, compared to 21.5% of male-only authored
theses. This suggests that female students are nearly 1.5 times more likely than male students

@ Springer



Higher Education (2026) 92:121-143 129

Table 1 Descriptive statistics, number of theses, and share of theses relating to at least one SDG (2008-2022)

University of Stockholm Lund Stockholm  Uppsala Total
Gothenburg ~ School of Econ.  University University University
All theses 5034 (30%) 4067 (23%) 5755 (28%) 3582 (23%) 5320 (25%) 23,758
By gender
Male only 1859 (24%) 1699 (18%) 2187 (25%) 1055 (18%) 2129 (19%) 8929
Female only 1752 (35%) 1196 (28%) 1713 37%) 1317 (26%) 1751 (31%) 7729
Mixed 782 (32%) 584 (25%) 1025 (20%) 630 (24%) 753 (21%) 3774
Unknown 641 (32%) 588 (23%) 830 (23%) 580 (25%) 687 (28%) 3326
By degree level
Bachelor 2863 (33%) 1799 (22%) 2841 (28%) 2006 (24%) 3421 (23%) 12,930
Master 2171 (27%) 2268 (23%) 2914 (27%) 1576 (22%) 1899 (28%) 10,828
By discipline
Business 4002 (27%) 1584 (22%) 3235 (19%) 3582 (23%) 4148 (19%) 16,551
Economics 657 (54%) 666 (49%) 2300 (41%) - 1172 (45%) 4795
Finance 375 (23%) 1817 (14%) 220 (20%) - - 2412

Note: The numbers provided are total thesis counts within the given category. Percentages in parentheses
report the proportion of theses that our model identified as related to at least one SDG. “Mixed” denotes teams
containing both male and female authors, whereas “Unknown” refers to teams for which at least one author’s
gender cannot be identified. An en dash symbol (-) indicates the absence of observations in that cell

to include an SDG perspective in their theses. Similarly, economics theses are substantially
more likely to include sustainability content than those from business or finance programs.
In contrast, degree level (bachelor vs. master) does not appear to be systematically associated
with SDG inclusion.

These patterns are further explored in Table 2, where we report regression estimates
summarizing these associations. We estimate a logistic regression model (reporting marginal
effects) for the binary outcome of whether a thesis includes at least one SDG perspective, and
an OLS model where the dependent variable is the total count of SDGs referenced, based on
SustainSight’s classification. The independent variables include gender composition, degree
level, discipline, university affiliation, and time periods. While the underlying data allow us
to examine associations, they do not permit causal inference. Nonetheless, the regression
results are consistent with the descriptive findings.

Specifically, theses authored by female-only groups are associated with a 5 percentage
point higher likelihood of including an SDG perspective than those authored by mixed-gender
pairs, while male-only theses are associated with a 7 percentage point lower likelihood. This
implies that a thesis written by females-only are almost 12 percentage points more likely
to include an SDG perspective than a thesis written by males-only. Disciplinary differences
are particularly pronounced: finance theses are 29 percentage points less likely, and business
theses 23 percentage points less likely, to include an SDG perspective compared to economics
theses.

These associations suggest that gender and disciplinary background are strongly correlated
with the inclusion of sustainability perspectives, an observation that aligns with previous find-
ings in the literature. While earlier evidence was somewhat inconclusive, more recent studies
suggest that women tend to report stronger environmental attitudes, concerns, and behaviors
than men (see, e.g., Gifford & Nilsson, 2014; Ramstetter & Habersack, 2020; Gyuridn Nagy,
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Table 2 Factors associated with SDG engagement in theses

At least one SDG Total SDG
Coef SE Coef SE

University (Stockholm University as reference)

Lund University —0.052%** 0.010 —0.101%** 0.018
Uppsala University —0.038*** 0.009 —0.067%** 0.018
Stockholm School of Economics —0.022* 0.011 —0.051%%* 0.021
University of Gothenburg 0.033%** 0.009 0.089%##* 0.018
Gender (females and males writing together as reference)

Females only 0.047%** 0.008 0.099%** 0.016
Males only —0.070%** 0.009 —0.133%%* 0.016
Unknown gender 0.005 0.010 0.020 0.020
Discipline (Econ as reference)

Business —0.232%%* 0.006 —0.438%** 0.014
Finance —0.288%*** 0.012 —0.520%** 0.023
Bachelor vs Master (Master as reference)

Bachelor —0.007 0.006 —0.011 0.011
Time (2008-2012 as reference)

2013-2017 0.027%#%*%* 0.007 0.046%+%* 0.013
2018-2022 0.0927%%*%* 0.007 0.185%#* 0.013
Observations 23,758 23,758

Note: This summarizes results from two regressions with all listed co-variates and time dummies. The first
model (“At least one SDG”) is a logistic regression; reported coefficients are average marginal effects. The
second model (“Total SDG”) is an OLS regression estimating how the number of SDGs mentioned in a thesis
correlates with the same set of covariates

*p < 0.05, **p < 0.01, ***p < 0.001

2025). Regarding disciplinary differences, there is an extensive body of literature comparing
pro-sociality (vs. self-interest) and environmental attitudes across student groups, partic-
ularly focusing on business and economics students compared to other disciplines (Lang,
2011; Hellmich, 2019; Miragaya-Casillas et al., 2023; Sundemo & Lofgren, 2024). A key
takeaway from this literature is that business and economics majors tend to exhibit lower
levels of environmental concern and pro-sociality than students in other fields. Moreover,
Sundemo and Lofgren (2024) provide suggestive evidence of differences even within related
disciplines, indicating that economics students demonstrate stronger prosocial values than
their peers in business and finance programs. While our study does not aim to explain the
underlying mechanisms driving these differences, such as self-selection, educational impact,
or socialization, our results are consistent with these prior findings.

We also observe statistically significant differences across universities. Degree level, on
the other hand, appears to play a limited role. However, the fact that university affiliation
is also significantly associated with SDG inclusion raises further questions. One possible
explanation is that universities differ in their integration of sustainability into their curricula.
Further, inclusion of SDG perspectives seems to increase over time. It is 9 percentage points
more likely that a thesis written in the period 2018-2022 include an SDG perspective as
compared to the first five year period. In the next section, we build on these observations to
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explore whether we can draw more robust inferences about the potential effect of curriculum-
level sustainability integration on student thesis content.

Finally, it can be noted that the OLS count model yields qualitatively similar results to the
logistic regression, reinforcing the observed patterns.

Estimating the causal effect of exposure on outcomes

This section will explore the following question: has the introduction of degree requirements
for sustainability in traditional Swedish business and economics programs increased the
likelihood that students choose to relate their theses to topics covered by the SDGs? If
business, economics, and finance students increasingly engage with these topics, it may
contribute to strengthening society’s capacity to address sustainability challenges.

Data and treatment definition

In “Descriptive statistics and initial insights,” we included the full sample in the analysis,
without controlling for exposure to sustainability content in the education. Some students
(albeit few) enroll in sustainability dedicated programs, some pursue a degree in business,
economics, or finance while enrolled in a program from a different field (eg. engineering or
political science), and yet others (a large proportion of students), put together a degree using
freestanding courses that they choose themselves, often from different fields.

In this section, we will restrict the sample to traditional business and economics bachelor
programs, for which each of the five universities has one. Between 2013 and 2019, all
programs introduced degree requirements for sustainability (see Table 3). We argue that
students enrolling in these traditional business and economics programs are comparable and
constitute a suitable control group for one another

In order to enable this analysis, we matched thesis titles to admission data from the database
Ladok.® By doing so, we can control for whether or not sustainability were integrated in
program degree requirements and test if increased sustainability exposure predict increases
in the share of theses that relate to the topics covered by the SDGs. We consider a thesis
(program) as treated if at least one degree requirement explicitly related to sustainability
when the student enrolled in the program. Hence, we observe the first treated cohorts 3 years
after the new requirements were implemented, that is, when the first cohort writes their theses.

For the matched dataset, where each thesis is paired with a traditional business and eco-
nomics program, we have 6442 theses from 2011 to 2022. This includes all theses we could
link from our original collection to the Ladok records supplied by each university. Since
Swedish universities typically require group work (up to four authors per thesis, with three
being common), the total number of students exceeds the thesis count (as in the full dataset).
Annual thesis counts are shown in Table 4.

8 The database, Ladok, is Sweden’s nationwide student information system, used by universities and colleges
to record enrollments, course registrations, grades and other academic results. A considerable effort, including
manual work, was required to ensure proper matching between a theses title and an educational program as
thesis titles in the different systems not always perfectly matched Ladok titles, sometimes the full title was cut
short in one of the databases for example. More details about this can be found in Supplementary Material,
Section S2.2.
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Table 3 Sustainability interventions in Swedish bachelor programmes

Institution (programme) Introduced  First cohort Type of intervention
treated

University of Gothenburg

Bachelor’s Programme in 2013 2016 Degree requirement (program learning

Business and Economics goals) and 3 dedicated Sustainability
Days1

Stockholm University

Bachelor’s Programme in 2017 2020 Degree requirement (program learning

Business Administration goals) and “theme” semesters

(sustainability and ethics)2
Lund University

Bachelor’s Programme in Business 2017 2020 General degree requirement (program

Administration and Economics learning goals referencing overall
university strategy for sustainability)3

Uppsala University

Bachelor’s Programme in 2019 2022 Degree requirement (program

Business and Economics learning goal)

Stockholm School of Economics

Bachelor’s Programme in 2016 2019 Introduction of mandatory “Global

Business and Economics Challenges module” parallel to
traditional studies’

Note: 1 Three learning outcomes focusing on environmental and social aspects. In addition, yearly sustainability
days were introduced with themes related to sustainability challenges, responsibilities, and solutions. 2Two
“theme” semesters: one on sustainability, one on ethics, each integrated into the core curriculum, complemented
with two sustainability courses. 3Curriculum complemented with a learning outcome that reference the overall
university sustainability strategy. 4A single program-level learning goal on sustainability was added to the
official degree requirements in 2019, making all programs “treated” in 2022. 5 A so-called Global Challenges
module was introduced, running alongside standard courses; the first part (6 HEC) introduces topics such as
global inequality and corporate responsibility

Table 4 Number of bachelor and master theses by year and university (2011-2022)

Year U Gothenburg Stockholm Univ. Lund Univ. Uppsala Univ. SSE
2011 68 80 103 86 86
2012 68 74 125 30 113
2013 86 70 180 108 88
2014 89 74 183 175 101
2015 91 79 222 159 90
2016 81 88 159 131 90
2017 103 101 135 139 92
2018 103 89 151 126 97
2019 76 54 133 111 105
2020 101 104 115 118 105
2021 123 145 144 106 72
2022 183 68 50 109 107
Total 1172 1026 1700 1398 1146

Note: SSE Stockholm School of Economics. Counts include our original dataset matched to Ladok records
for traditional business and economics programs described in Table 3
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Empirical strategy

To estimate the causal effect of exposure to sustainability content on our outcome variable, we
exploit the fact that the five traditional bachelor programs in business and economics adopted
sustainability degree requirements in different calendar years (Table 3). This lets us apply
a so-called staggered difference-in-differences (Goodman-Bacon, 2021). The foundational
idea of any DiD is that a group cannot simply be compared to itself before and after treatment.
One needs a suitable control group to estimate a plausible counterfactual (what would have
happened in the absence of treatment). In our case, one might think that independent of
inclusion of degree requirement for sustainability, students will over time be more likely relate
to topics covered by the SDGs (regressions on the whole sample do find a positive association
with time as shown in Table 2). To understand if such trends are due to interventions in
education, or rather an overall trend in society, we employ a staggered difference-in-difference
model where we in each calendar year compare treated schools (that have implemented a
degree requirement) with schools that have not. We describe this formally below.

Let g denote the first cohort treated in school s and ¢ denote calendar year. The cohort-
and time-specific average treatment effect on the treated (ATT) is then as follows:

ATT(g,1) =H Yy (1) = Y (0) | Gy =g, 1], ¢h)

where Yy (1) is the SDG-thesis share under treatment and Yy, (0) is the counterfactual
without treatment. Naturally, a school (program) cannot be both treated and untreated, and
we therefore approximate Yy, (0) with outcomes from schools that are not-yet treated in the
same year. We then aggregate the ATT(g, t) across cohorts to get the overall effect.

Pre-treatment trends and homogeneous treatment effects

A staggered DiD, traditionally estimated with a so-called two-way fixed effects (TWFE)
regression, relies on the same core assumption as the simple two-period design, namely that
individuals that become treated in a given calendar year were not on a different trajectory than
individuals that stay untreated in that same year. However, recent work by Goodman-Bacon
(2021); Sun and Abraham (2021) point out that the TWFE rely on another important assump-
tion, namely that treatment effects are constant across cohorts and time. This is because the
TWEE uses early treated units as control for later treated units. Therefore, if the treatment
effect grows over time, as is the case in many settings, this approach will generate biased
estimates. In our case, there is little reason to assume that treatment effects are strictly homo-
geneous across cohorts and over time. We therefore make use of the Callaway and Sant’ Anna
staggered difference-in-differences estimator (Callaway & Sant’ Anna, 2021). This method
compares each treated cohort only with programs that are still untreated in the same calendar
year and then aggregates the cohort-specific effects to an average treatment effect on the
treated.

Event-study specification
We estimate the causal effect of introducing sustainability-related degree requirements on the

probability that a thesis relates to the SDGs, using the event study approach outlined below,
which accounts for heterogeneous treatment effects (Callaway & Sant’ Anna, 2021).
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For thesis i written in school s and year 7, we estimate

Yig =+ Y i levent_timey = k} + As + ¥i + eist, )
k-1
with
event_timey, = year, — treat_year,,
That is, k = 0 is the first treated cohort, and k = —1 serves as the omitted baseline (1 year

before treatment). School fixed effects (Ay) account for time-invariant differences across
schools, while calendar-year fixed effects (y;) control for common shocks and time trends.
The coefficients B estimate the dynamic impact of exposure on outcome, the share of SDG-
related theses. We cluster standard errors at the program level as treatment is assigned at that
level.

Pre-treatment trends

Asnoted above, any DiD approach relies on the parallel trends assumption: that, in the absence
of the policy, treated programs would have followed the same trajectory as those that remained
untreated. Figure?2 therefore plots, by calendar year, the share of SDG-related theses only
for the untreated programs in each year. As can be seen, there is no discernible upward or

downward trend, and the average hovers around 20% from 2011 to 2021, supporting the
parallel trends assumption.

Results
Figure 3 plots the raw average share of theses relating to at least one SDG relative to the time
of treatment. As can be seen, the period up to treatment, while a little noisy, does not indicate
100%
80%

60%

40%

Mean SDG thesis share (%)

20% .M‘\/\

0%

2013 2016 2019
Calendar year

Fig.2 Share of theses relating to at least one SDG over time for the not-yet-treated sample
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Fig.3 Raw shares of theses relating to at least one SDG relative to year of treatment

any particular trend. Post treatment, however, the share of theses relating to at least one SDG
increases from roughly 20 to about 30% after 3 years and then continues to rise further to
over 40%.

While Fig. 3 is informative, it does not identify the causal effect because two confound-
ing factors remain: time effects and school effects. We therefore proceed to present the
results from the event study specification (Eq. 2), which controls for program-specific effects,
accounts for year-specific shocks, and is robust to heterogeneous treatment effects (e.g.,
effects that grow over time). The corresponding estimates are shown in Fig.4. Using the
Callaway and Sant’ Anna estimator (Callaway & Sant’ Anna, 2021), we find that 2 years after
treatment, the probability that a thesis relates to at least one SDG increases by approximately 9
percentage points, rising to 16 percentage points after 3 years.? This percentage point change
constitutes a substantial increase: relative to the pooled pre-treatment mean of roughly 20%,
the effect 2 years post-treatment corresponds to an increase of about 45% and 80% 3 years
after treatment.

Addressing potential threats to causal inference

Because treatment is assigned at the program level, statistical inference must account for the
possibility that error terms are correlated within universities across years. We therefore cluster
standard errors at school (program) level. However, with only five clusters, conventional
cluster-robust standard errors can be significantly downward-biased (Cameron & Miller,
2015). We employ the recommended approach and use wild cluster bootstrap standard errors.
Still, while point estimates are unaffected, standard errors should be interpreted with caution.

9 Beyond 3 years post-treatment, only one treated program (GU) and one not-yet-treated program (Uppsala)
remain, making it infeasible to compute standard errors.
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Fig. 4 Staggered difference-in-difference: probability of a theses relating to at least one SDG. Note: This
displays the average treatment effects on the treated (ATT), estimated by a staggered difference-in-differences
(Callaway—Sant’ Anna) event study on the binary indicator “relates to at least one SDG.” Point estimates are
relative to the year before treatment and the vertical bars display 95% confidence intervals. Each cohort is
compared only to not-yet-treated programs, and effects are aggregated across cohorts

A more fundamental concern is whether the observed effect truly reflects increased cur-
ricular exposure or if it arises from selection. Perhaps students select into (or out of) treated
programs based on preferences for a more sustainability-focused curriculum? While possi-
ble, this seems unlikely, given that curriculum updates are typically not salient to students
during the application process. Further, students with a strong interest in sustainability likely
choose one of the sustainability-focused programs offered at these business schools.'? Still,
we test for selection along two observable dimensions. Table 2 shows that (i) theses written
by female-only students are more likely to be SDG-related and (ii) economics theses have
a higher SDG share than business or finance theses. If selection were driving the results,
treated programs should likely attract more women and/or see a rising share of economics
theses after adoption. A difference-in-differences regression with program and year find no
support for this: the change in the female share is virtually zero (p = 0.97), and the share of
economics theses, if anything, falls slightly but insignificantly (p = 0.60). Because we find
no evidence of selection on relevant observables, we conclude that increased exposure is the
more plausible explanation for the positive effect we observe.

Why the lagged effect?

There are several reasons to expect a gradual and increasing treatment effect over time. First,
cohort lag is likely to affect the outcome: not all individuals from the first treated cohort will

10 University of Gothenburg, Stockholm University, Lund University, and Uppsala University all have different
versions of such dedicated sustainability programs.
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graduate on time, and these individuals will therefore be observed at a later stage than 3 years
after enrollment. Likewise, outcomes observed for the first treated cohort may include work
by students from earlier cohorts who did not graduate on time and were enrolled under the
previous curriculum without sustainability degree requirements. Second, the introduction of
new degree requirements can be seen as the beginning of a broader development process.
Early cohorts may experience both lower quantity and quality of implementation, while
program content and course modules are likely to improve as teachers and supervisors gain
experience and knowledge.

Data-driven topic analysis of sustainability theses

To gain a deeper understanding of the recurring topics and themes that Business School
students explore within the realm of sustainability, we conduct a data-driven topic analysis
based on clustering of thesis abstracts, title and keywords. In this analysis, we utilize all the
theses from the full sample that was identified as related to at least one SDG (see Table .1

To achieve this, we run a clustering analysis algorithm to group related theses and
summarize their topics. Specifically, we first transform each thesis into a numerical vec-
tor representation (Su et al., 2022). We then apply a dimensionality reduction algorithm
(Mclnnes et al., 2018) to project these vectors into a two-dimensional space. We applied
Gaussian mixture model (GMM) and HDBSCAN clustering algorithms with various hyper-
parameters (such as number of clusters for GMM and minimum cluster size for HDBSCAN)
and manually evaluated topic quality by reviewing sampled theses. Based on this assessment,
we selected GMM with 20 clusters to group similar theses in the two-dimensional space.

Table 5 presents these clusters along with their corresponding topics, the total number
of theses in each cluster across all five universities (count), their relative size (share of all
theses), and the share of each cluster at the individual universities.

The results show that SDG theses cover a wide range of topics. The five largest clusters,
sustainable consumption, global development, innovation, CSR, and sustainability report-
ing, account for nearly half of all SDG theses. These clusters reflect a mix of qualitative
and quantitative approaches across the disciplines of business, economics and finance. The
five universities show some variation in topic focus. The largest cluster at GU, SSE, and
SU is “Sustainable consumption and consumer attitudes” (cluster 0), while at LU and SU,
“Global development, FDI, and trade” (Cluster 1) dominates. At UU, Cluster 1 and the cluster
“Innovation and entrepreneurship” is of nearly equal size.

Our underlying hypothesis is that topics do not emerge arbitrarily; instead, each reflects
a distinct combination of SDGs, shaped by systematic patterns in the data. In other words,
topics are not random mixtures but are meaningfully aligned with certain SDGs more than
others. To statistically test this assumption (whether the distribution of SDG associations
differs significantly across topics), we conducted a simple chi-square test of independence
of topics and SDGs. The results support the hypothesis that certain SDGs are over- or under-
represented in specific topics (p<0.001), reinforcing the idea that thematic clusters exhibit
distinct sustainability orientations.

The link between specific SDGs and the topics is visualized in Fig. 5. The figure presents a
set of radial plots, one for each of the 20 thematic clusters, visualizing the distribution of SDG
perspectives within each cluster.'> Each cone represents the share of theses in the cluster
that relate to a specific SDG, grouped into three overarching domains: biosphere (green),

1 we applied the method only to English-language theses due to model limitations.
12 Each thesis can contribute to multiple SDGs.
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society (blue), and economy (orange). The length of each cone indicates the percentage of
theses that relate to the SDG, allowing for comparisons both within and across clusters. The
plots reveal distinct patterns: some clusters, such as “Innovation and entrepreneurship” or
“Sustainability in business and smart cities,” are linked to a broad set of SDGs, while others,
like “Renewable energy markets,” show a concentrated alignment with specific SDGs (e.g.,
SDG 7). The variation in SDG profiles suggests that different thematic areas reflect differing
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degrees of integration across sustainability dimensions, likely shaped by their underlying
problem framings.

Concluding remarks

In this study, we provide an overview of the literature on mapping SDGs in higher education
and explain various NLP techniques used for SDG mapping. Further, we present an inference
engine based on NLP that we developed to assess sustainability content in student theses.

Analyzing student theses in business, economics, and finance at five Swedish universities
suggests that gender and disciplinary background are strongly correlated with the inclusion
of sustainability perspectives. Theses written by female-only authors are 50% more likely to
include an SDG perspective than those written by male-only authors. Regarding disciplinary
differences, finance theses are 29 percentage points less likely, and business theses 23 per-
centage points less likely, to include an SDG perspective compared to economics theses.

For a subset of the theses, we have information about the authors’ educational programs as
well as data on the sustainability degree requirements. Using this data and the fact that the five
traditional business and economics programs introduced sustainability degree requirements at
different points in time, we can conduct a causal analysis (a so-called staggered difference-in-
differences). We find that the introduction of a degree requirement focused on sustainability
significantly increases the likelihood that students include sustainability perspectives in their
theses. We find an increase of 9 percentage points (around 45%) at year +2 and 16 points
(around 80%) at year +3, relative to the first treated cohort.

While our analysis focuses on Sweden and we cannot formally test for external validity,
it is worth noting that business, economics, and finance education is highly standardized
globally, with similar textbooks, theories, and core courses. We therefore consider it likely
that our results offer insights applicable to other national contexts.

In conclusion, we argue that applying NLP to student theses offers a promising method
for assessing educational outcomes, particularly the integration of sustainability perspectives
in higher education. However, when using such methods, it is important to consider and
mitigate biases, such as incomplete or uneven keyword coverage, through regular expert
reviews (human-in-the-loop).
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