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Abstract

Critical thinking (CT) is essential for navigating the complex socio-scientific issues in con-
temporary biomedicine. These issues cross disciplinary boundaries and involve multiple
societal stakeholders. Interdisciplinary and transdisciplinary (ITD) education therefore
provides a valuable context for developing CT by confronting students with diverse forms
of knowledge and prompting reflection on their disciplinary assumptions. In this study,
boundary crossing is used as a pedagogical framework, with a focus on identification (un-
derstanding alternative perspectives) and reflection (examining one’s own assumptions).
We examine how such ITD education can foster CT by enhancing students’ appreciation of
disciplinary and societal viewpoints. Data from a pre- and post-course assignment were
analyzed using a convergent mixed-methods approach. Students ranked the relevance and
effectiveness of sessions engaging with different perspectives and identified educational
design elements that contributed to broadening their biomedical outlook. Findings indi-
cate shifts in how students perceived the relevance of different perspectives. Particularly,
appreciation of the legal perspective increased. Sessions were considered most effective
when involving interaction with perspective owners, interactive learning methods, and
clear instructional design. The results suggest that boundary-crossing pedagogies can sup-
port CT in higher education by engaging students in reflective engagement with different
disciplinary and societal perspectives.

Keywords: critical thinking; transdisciplinary education; boundary crossing; biomedical
education

1. Introduction

Contemporary scientific practice increasingly requires researchers to navigate complex
socio-scientific issues. These issues emerge from both groundbreaking innovations and
routine scientific practice. Developments such as gene editing, artificial intelligence, and
synthetic biology generate ethical, legal, and social questions that extend well beyond the
laboratory. At the same time, more subtle and systemic concerns, such as privacy risks
in data sharing, sustainability challenges related to laboratory waste, and biases in study
design or participant recruitment, shape the societal impact of scientific work. Because
these socio-scientific issues are inherently multifaceted and span disciplinary boundaries,
addressing them requires integration of expertise from diverse disciplinary fields (i.e.,
interdisciplinary collaboration). Moreover, given their impact on patients, communities,

Educ. Sci. 2026, 16, 348

https:/ /doi.org/10.3390/educscil6020348


https://crossmark.crossref.org/dialog?doi=10.3390/educsci16020348&domain=pdf&date_stamp=2026-02-25
https://creativecommons.org/licenses/by/4.0/
https://creativecommons.org/licenses/by/4.0/
https://www.mdpi.com/journal/education
https://www.mdpi.com
https://orcid.org/0000-0001-5805-9505
https://orcid.org/0000-0003-2096-0044
https://orcid.org/0000-0002-7608-0014
https://doi.org/10.3390/educsci16020348

Educ. Sci. 2026, 16, 348

2 of 20

and society at large, addressing these issues effectively also demands moving beyond disci-
plinary perspectives and engaging stakeholders and the wider public (i.e., transdisciplinary
collaboration). Interdisciplinary and transdisciplinary (ITD) collaborations are therefore
acknowledged as imperative to contemporary research practice, including biomedicine.
Consequently, there is growing recognition that biomedical science students should receive
training to prepare them for future ITD collaboration (Boon & Van Baalen, 2019; Tripp &
Shortlidge, 2019).

Key competencies associated with ITD collaboration include the ability to compare per-
spectives, evaluate the credibility of different knowledge sources, and make well-reasoned
judgments in contexts marked by uncertainty and controversy (Daneshpour & Kwegyir-
Afful, 2022). These competencies align closely with critical thinking, defined as the process
of purposeful, self-regulatory judgment involving the well-reasoned evaluation of evidence,
assumptions, and alternative viewpoints (Davies, 2015; Facione, 1990). ITD collaboration
therefore constitutes a particularly valuable educational context for development of critical
thinking, as students are required to engage with multiple, and sometimes competing,
forms of knowledge. This positions critical thinking as a central competency in university-
level biomedical education, and underscores ITD education as a particularly effective
context in which it can be cultivated.

In this study, we discuss the design and implementation of an undergraduate course
offered at the end of the first year of a biomedical science bachelor’s program at Utrecht
University (UU). The course, entitled “Eye for Impact,” aims to broaden students” per-
spectives on socio-scientific issues in biomedical research and innovation. Additionally,
it aims to introduce students to the relevance of ITD collaboration and diverse forms of
knowledge for solving these socio-scientific issues. This course fosters critical thinking by
encouraging students to evaluate the added value of incorporating different viewpoints,
including disciplinary and societal perspectives, in solving socio-scientific issues. This use
of different perspectives and disciplinary approaches in education teaches them to critically
reflect on diverse sources of information as well as to reflect on their own assumptions
(Wansink et al., 2023).

To effectively harness the potential of incorporating different viewpoints in education,
students must be actively involved in selecting relevant perspectives on the societal issues
that are discussed (Vereijken et al., 2023). Such involvement requires students to evaluate
the relevance of different perspectives. Therefore, this study aims to (1) identify which
perspectives students consider relevant to broaden their outlook as future biomedical
scientists and (2) characterize educational design features that support students in criti-
cally appraising these perspectives as relevant. To this end, we examined how students
perceived the relevance of the various perspectives addressed in the course, both before
and after the course. Furthermore, we invited students to suggest additional perspectives
they considered relevant. Finally, we explored whether and how any shifts in perceived
relevance could be attributed to specific elements of the course’s educational design.

2. Theoretical Background
2.1. Critical Thinking Through Interdisciplinary and Transdisciplinary Education

Socio-scientific issues (SSIs) in biomedical research are inherently complex because
scientific questions are intertwined with ethical, legal, and societal considerations. Such
SSIs cannot be adequately addressed within a single disciplinary framework; they demand
engagement with multiple disciplinary and societal perspectives. Interdisciplinary and
transdisciplinary (ITD) collaboration is therefore essential to address these complex issues.
In interdisciplinary collaboration insights from multiple disciplines are integrated to de-
velop a more comprehensive understanding of a problem (Boix-Mansilla, 2017; Klein, 1996;
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Newell, 2013; Repko & Szostak, 2020; Spelt et al., 2009). Transdisciplinary collaboration
goes further by incorporating diverse forms of knowledge beyond academia, including
societal perspectives, as well as input from non-academic stakeholders (Alvargonzalez,
2011; Daneshpour & Kwegyir-Afful, 2022; Guimaraes et al., 2019; Klein, 1996).

To effectively participate in future ITD collaborations, students need to develop ca-
pacities such as openness to alternative viewpoints, tolerance of ambiguity, reflexivity,
and awareness of the broader implications of one’s work (Augsburg, 2014; Boon et al.,
2019; Fortuin et al., 2024; Giri, 2002; Godemann, 2008; Vogel & Hunecke, 2024). These
capacities resemble competencies and skills central to critical thinking, including open-
mindedness, intellectual humility, and respect for alternative perspectives (Davies, 2015;
Ennis, 2011; Fisher, 2003; Waite & Davis, 2006). Consequently, ITD education offers a par-
ticularly suitable context for cultivating critical thinking, as it exposes students to diverse
forms of knowledge and requires them to evaluate, compare, and reflect upon competing
perspectives in a socio-scientific context.

In response to the growing appreciation for ITD competencies in higher education, a
wide range of ITD educational approaches has been introduced, most of which emphasize
experiential learning, where students collaborate with peers from different disciplines,
societal stakeholders, or the broader public (Daneshpour & Kwegyir-Afful, 2022; Gulikers
et al., 2025; Horn et al., 2023). While such experiences provide valuable exposure to ITD
practices, they possibly fall short in addressing the cognitive and epistemological challenges
researchers face when engaging in ITD research (Agustian, 2023; Boon & Van Baalen, 2019;
Fortuin et al., 2024; Oonk et al., 2022; van Baalen & Boon, 2024). Students may benefit most
from advanced forms of ITD education when they already possess relevant competencies
(Horn et al., 2024). This underscores the importance of preparatory ITD education that
supports students in becoming aware of and reflecting on their emerging disciplinary
assumptions at an early stage of their undergraduate studies.

In our efforts to develop such preparatory ITD education, we drew on the framework
of boundary crossing, which approaches ITD teaching by focusing on learning at the inter-
sections of disciplines (Akkerman & Bakker, 2011). At these boundaries the following four
learning mechanisms take place: students are (1) gaining insight into their own disciplinary
perspective and how other disciplines approach an issue (identification), (2) reflecting on
their own discipline through the lens of another (reflection), (3) coordinating collabora-
tion through shared tools and procedures (coordination), and (4) integrating new ways of
thinking and acting into their evolving professional identity (transformation) (Akkerman
& Bakker, 2011; Fortuin et al., 2024; Oonk et al., 2022; Vereijken et al., 2023). Of these
mechanisms, identification and reflection are particularly relevant to the development of
critical thinking, as they closely align with core components of critical thinking such as
appreciating alternative perspectives and critically appraising one’s own and others’ views.

In the context of this preparatory ITD course, we deliberately focused on identification
and reflection as the primary learning mechanisms. Coordination, which presupposes
active interdisciplinary or transdisciplinary collaboration through shared tools and proce-
dures in collaborative practice, was not a central component of the course design. Likewise,
transformation, understood as the integration of new ways of thinking and acting into a
stable professional identity, was not an explicit learning objective at this stage. Rather, the
course aimed to create conditions for future transformation by fostering epistemological
awareness and reflection on emerging disciplinary and personal positions.

The present study therefore examines how an educational design centered on identifi-
cation and reflection supports students in recognizing the relevance of multiple perspectives
and, through this process, fosters critical engagement with complex socio-scientific issues
in biomedicine.
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2.2. Recognizing and Integrating Multiple Perspectives

Within the framework of boundary crossing, developing the capacity to work across
disciplinary boundaries begins with becoming aware of one’s own disciplinary perspective.
ITD collaboration requires researchers to not only have a deep understanding of their own
disciplinary perspective but also to recognize the value of other perspectives.

A disciplinary perspective is the cognitive framework through which a discipline
approaches problems, generates knowledge and interprets phenomena. It encompasses
a discipline’s key concepts, theories, methodologies, and epistemological assumptions
(Repko & Szostak, 2020; van Baalen & Boon, 2024; Vereijken et al., 2023). This perspective
is typically shaped through formal education but often remains implicit, leaving students
unaware of how it influences their reasoning.

For first-year students, such disciplinary perspectives are not yet fully developed or
explicitly articulated but are nevertheless present. Making these emerging perspectives
explicit is a critical first step in developing the reflective capacities required for later ITD
collaboration. In the boundary-crossing framework, making one’s disciplinary assumptions
explicit in relation to other disciplines is described as identification. Identification involves
two processes, (1) othering: recognizing one’s own identity by defining differences and
similarities between one’s own discipline and other disciplines, and (2) legitimate coexisting:
acknowledging and accepting different disciplinary practices as valid and meaningful
(Akkerman & Bakker, 2011; Oonk et al., 2022; Vereijken et al., 2023).

A second learning mechanism described in the boundary-crossing framework is re-
flection, which refers to expanding one’s perspective by engaging with those of others
(Akkerman & Bakker, 2011; Oonk et al., 2022; Vereijken et al., 2023). Reflection encompasses
both perspective-making and perspective-taking. Perspective-making involves critically
examining one’s own disciplinary perspective, while perspective-taking entails under-
standing and integrating how others interpret a given situation (Akkerman & Bakker, 2011;
Boland & Tenkasi, 1995; DeZure, 2017; Fortuin et al., 2024; Szostak, 2024).

In ITD education, perspective-taking is often described as the practice of adopting
multiple disciplinary perspectives, leading to a more thorough understanding of complex
problems. However, perspective-taking can also be understood more broadly, as the
capacity to adopt another person’s viewpoint, including their thoughts, feelings, and
motivations. Effective perspective-taking, in this broader conceptualization, is linked to
empathy (Nussbaum, 2003) and moral reasoning (Gerrits et al., 2023; M. Johnson, 1993).

Within this broader context, Kahn and Zeidler (2019) introduced the concept of socio-
scientific perspective-taking (SSPT), a form of perspective-taking specifically aimed at
recognizing societal perspectives, especially in contexts characterized by conflicting val-
ues, interests, and ethical uncertainty. Crucially, SSPT identifies a moral context and a
moral compass as a prerequisite for perspective-taking to solve socio-scientific issues (Kahn
& Zeidler, 2019). This broader conceptualization of perspective-taking closely relates to
multiperspectivity, which emphasizes the importance of understanding and appreciat-
ing multiple, often contrasting, viewpoints (Wansink et al., 2023). Employing different
perspectives in education about controversial and even polarizing topics can stimulate
self-awareness of a personal perspective on the topic as well as acknowledgement and
appreciation of different perspectives (M. R. Johnson et al., 2017; Parker, 2016).

3. Rationale for the Course and Current Study

Building on insights from boundary crossing, this study approaches critical thinking
as a process that is fostered through students’ engagement with multiple perspectives
on complex socio-scientific issues. Within this context, we distinguish four categories of
perspectives that are central to such engagement: students’ personal perspectives (shaped
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by lived experience and values), their disciplinary perspectives (formed through academic
training), other disciplinary perspectives (with distinct conceptual and methodological
approaches), and societal and stakeholder perspectives grounded in contextual and ex-
periential knowledge. Engaging with these perspectives creates structured opportunities
for identification and reflection, supporting students in evaluating relevance, integrating
viewpoints, and developing critical engagement with complexity.

Rather than conceptualizing critical thinking as a directly measurable skill, this study
approaches its development as a process shaped through engagement with multiple per-
spectives, reflection, and reconsideration of assumptions. Accordingly, students’ judgments
about the relevance of diverse perspectives are used as a meaningful but indirect indicator
of critical thinking development.

From an educational design perspective, this raises the question of how learning
environments can support students in recognizing, valuing, and engaging with diverse
perspectives. This effectiveness of perspective-based education may depend on which
perspectives are introduced, how they are connected to students’ personal and disciplinary
frames, and how relevant they are perceived in relation to real-world socio-scientific
challenges. This study therefore examines how students evaluate the relevance of different
perspectives and which educational design elements shaped their perception of relevance.
In doing so, we aim to identify which approaches may best support students in their
development of critical thinking.

4. Educational Design of the Course Eye for Impact
4.1. Course Objective

The course described in this study aims to broaden students” perspective by en-
couraging them to reflect on biomedical research through other disciplinary and societal
perspectives. The educational design is grounded in the first two learning mechanisms
of boundary crossing: (1) identification, to gain insight into how biomedical science and
diverse other perspectives approach issues that impact society, and (2) reflection, to ex-
amine SSIs in which biomedical research plays a central role, both from students” own
personal and disciplinary perspectives and from the perspectives of other disciplinary and
societal stakeholders.

4.2. Bioethics, Philosophy of Science and Science Communication

The course begins with two introductory sessions and culminates in a final session de-
signed to provide students with a strong foundation in three fundamental (non-biomedical)
disciplines. The initial sessions focus on bioethics and philosophy of science, while the
final session centers on science communication. We consider these disciplines essential for
fostering critical reflection on biomedical science by helping students become aware of their
emerging disciplinary perspectives while also encouraging them to explore how their back-
grounds and values shape their personal perspectives (Gerrits et al., 2022; Pieterman-Bos &
van Mil, 2023; Reincke et al., 2024). Each session consists of a lecture, where students are
introduced to foundational theories from the relevant disciplines, followed by a seminar
in which they apply these theories to reflect on the societal impact of biomedical research
and innovation.

In the bioethics sessions, students discuss how to navigate the ethical dilemmas inher-
ent in biomedical advancements, ensuring they consider societal and moral implications.
To identify and discuss these societal and moral implications, students reflect on the four
principles of Beauchamp and Childress; respect for autonomy, non-maleficence, benef-
icence, and justice (Beauchamp & Childress, 2001). In the seminar, students reflect on
how these principles might be upheld or compromised in a particular case and on how
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considering various perspectives on the case can help in balancing competing principles
(Gerrits et al., 2023).

In the philosophy of science sessions, students reflect on the nature, origins, and
history of science, helping them understand the underlying assumptions, methods, and
limitations of scientific inquiry, fostering epistemological awareness. Major misconceptions
about the nature of science (NOS) are discussed with students derived from the consensus
framework of NOS (Abd-El-Khalick et al., 2008, 2024). In addition, different epistemologies
are discussed to broaden students’ views on what might constitute the nature of (rigor-
ous) science (Pieterman-Bos & van Mil, 2023). In the seminar, students are stimulated to
formulate and develop their own view of NOS.

In the science communication sessions, students learn about effectively conveying
complex biomedical knowledge to diverse audiences, including policymakers, practitioners,
and the public. In this session, the dialogue model of science communication is discussed in
contrast to the deficit model. While the deficit model focuses on one-directional knowledge
transfer from experts to a passive audience, the dialogue model emphasizes two-way
communication, fostering mutual understanding between researchers and society (Dudo &
Besley, 2016; Reincke et al., 2020). The seminar includes a project in which students have to
develop a short explanatory video that discusses the ethical and societal impact of a recent
biomedical innovation.

4.3. Reflecting on Six Perspectives Through Co-Creation and Perspective-Owner Interaction

In the remainder of the course, students are introduced to additional perspectives
during six thematic sessions: the patient, the research participant, the legal expert, the
pharmaceutical company, the planet (sustainability sciences), and the methodologist. These
perspectives were carefully selected by the course development team, drawing inspiration
from current socio-scientific issues (SSIs) where biomedical science plays a crucial role. In
alignment with the ELSA framework (Zwart & Nelis, 2009), the course includes perspec-
tives that help reflect on the ethical, legal, and social aspects of biomedical research and
innovation. To develop these sessions, we collaborated with disciplinary experts and soci-
etal stakeholders (perspective owners) who provided specialized content. Each perspective
owner was paired with a biomedical science teacher to co-create a session, ensuring that
new disciplinary insights were accessible and relevant to biomedical students. To foster
connections between different course components, the foundational theories discussed in
the introductory sessions (see Section 4.2) were intentionally revisited and integrated into
the thematic sessions. Each session combined short lectures with interactive discussions
and assignments. In some sessions, the perspective owner and biomedical science teacher
co-taught the session, while in others the perspective owner led the session independently.
Students were actively encouraged to engage with each perspective by asking questions
and exploring the stakeholder’s core values, expectations, and concerns regarding the
socio-scientific issues. Sessions featuring disciplinary perspectives (legal expert, planetary
perspective, and methodologist) introduced prominent and relevant theories within this
discipline and distinct methods to analyze and approach the discussed SSls. Sessions
focusing on societal and stakeholder perspectives (patient, research participant, and phar-
maceutical company) encouraged students to engage with and consider the interests and
values of the perspective in relation to the SSIs. A summary of the perspectives that were
central in the thematic sessions and the SSIs that inspired the sessions can be found in
Table 1.
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Table 1. Overview of the six thematic sessions included in the course. These sessions explore three
disciplinary perspectives (Planetary Perspective, Methodologist, and Legal Expert) and three societal
(stakeholder) perspectives (Patient, Research Participant, and Pharmaceutical Company). Each
session is framed around a socio-scientific issue in which both the biomedical disciplinary perspective
and the respective societal or stakeholder perspective play a significant role.

Perspective Socio-Scientific Issue Description

Climate change has a two-fold impact on biomedical
research. Biomedical research has a significant
environmental footprint, as laboratory research and

Planet ti limate ch d . . . -
ar(lglfs?;iﬂifi%ic e c ;umsiaeirfa];%%e fr? pharmaceutical production contribute to carbon emissions,
Sciences) y biomedical res}é_arch resource depletion, and waste generation. Furthermore,

climate change influences our health, changing disease
patterns in society. In this session, students reflect on the
balance between planetary and societal health.

The rise in misinformation in science and medicine
underscores the need for methodologic rigor as well as
accurate and transparent public science communication. In
this session, students discuss how they can critically assess
data and how misinformation comes into being.

Biomedical science

Methodologist - .
misinformation

Disciplinary perspectives

Legal and ethical considerations are central in embryo
research in which scientific progress should be balanced
with moral and societal concerns. In this session, students
reflect on the legal status of an embryo, and the practical
implications of the Dutch embryo law.

Legal expert Embryo research and
(legal studies) the Dutch Embryo law

While patient engagement is often emphasized in clinical
research and healthcare decision-making, its role in
fundamental biomedical research is equally crucial. In this
session, students reflect on the benefits of involving
patients early in the research process to align scientific
priorities with real-world health needs, ensuring that
discoveries have meaningful translational potential.

Patient engagement and

Patient O .
atien research priority setting

The inclusion of diverse populations in biomedical
research is essential for ensuring generalizability and
equity of scientific findings. In this session, students
discuss historical and current biases and systemic
exclusions in biomedical research and the impact this had
on the validity and integrity of research.

Diversity and
Research participant inclusivity in
biomedical research

Societal Perspectives

The rising cost of healthcare results in disparities in access
Pharmaceutical Healthcare costs and to medical treatment, as well as economic challenges. In
Company accessibility this session, students reflect on how economic evaluations
regarding healthcare are made in the Netherlands.

4.4. Course Assessment

While the primary goal of the course is to expose students to diverse perspectives, suc-
cessful completion required passing an exam. The exam was divided into two components:
50% of the grade assessed students’ ability to apply the theories and insights discussed
during the course, while the remaining 50% was based on an argumentative essay. In
the open-ended questions, students were asked to apply the theories discussed during
the course to short case descriptions. Examples include formulating moral arguments
for and against a proposed study design, applying legal frameworks to concrete cases, or
explaining how a patient perspective could be meaningfully integrated into a research
design. In the essay, students had to critically evaluate whether the described innovation
should be further developed. They were allotted 1.5 h to complete the essay, without access
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to the internet or generative Al, ensuring that their responses were based solely on their
own insights and the knowledge gained from the course. To help students prepare for
writing the essay, two non-mandatory writing workshops were offered.

5. Methods
5.1. Context of Study and Participants

Eye for Impact is a mandatory, 5-week, half-time course offered at the end of the
first year of the biomedical bachelor’s program at Utrecht University. This bachelor’s
program is discipline-specific and highly research-oriented. Of the 175 students that start
the program each year, approximately 97% of students continue with a biomedical research
master after their bachelor’s program. The participant group consisted of 173 students,
67.6% (117) women and 32.4% (56) men, with ages ranging approximately from 18 to
23 years.

5.2. Data Collection

Data were collected during the academic year 2023-2024. Data consisted of student
responses to a course assignment that was taken prior to (pre-test) and after (post-test) the
course. In both the pre-test and post-test assignment students ranked the six perspectives
presented in the thematic sessions based on how they perceived their relevance for broad-
ening their perspective. They were also invited to suggest additional perspectives they felt
were missing from the course. In the post-test, students repeated the relevance ranking and
additionally ranked the perspectives based on how effective they found the corresponding
thematic sessions in broadening their perspective. Furthermore, they were asked to identify
specific educational elements that contributed to this aim. The full assignment is provided
in the Supplemental Materials (Supplementary Data S1). A total of 173 students registered
for the course. For the pre-test, 118 students completed the online assignment, of whom
87 gave consent to use their responses for research purposes (response rate: 50%). For the
post-test, 89 students completed the assignment, with 83 consenting to participate in the
research (response rate: 48%).

Participants were presented with the assignment in an online environment (Qualtrics).
After completion of the assignment, responses were automatically collected. Students
who had not given consent were removed from the dataset. For students who had given
consent, pre- and post-assignment responses were coupled (n = 62). Lastly, all data was
pseudonymized by removing student numbers and replacing them with a unique identifier
for each student.

5.3. Data Analysis

We adopted a convergent mixed-methods research design (Creswell, 2021). Data
collection and analysis of both quantitative and qualitative data occurred simultaneously,
and insights from these analyses were combined to answer the research questions.

5.4. Quantitative Analysis

Our quantitative analysis concentrated on investigating three potential differences in
mean ranking:

A.  Differences in perceived relevance for broadening students’ perspective between the
six perspectives, assessed for both the pre-test and post-test.

B. Differences in perceived relevance for each perspective between the pre-test and
post-test.

C.  Differences in perceived effectiveness of the educational intervention between the
six perspectives in the post-test.
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For each perspective, the mean rank and standard deviation regarding relevance
(A) and effectiveness (C) were calculated for both pre-test and post-test to understand
the central tendency and variability of rankings. The non-parametric Friedman test was
used to determine whether there were statistically significant differences in the perceived
relevance (A) and effectiveness (C) among the six perspectives. If the Friedman test
indicated significant differences, pairwise comparisons were conducted using the Wilcoxon
signed-rank test to identify specific differences.

In addition, we determined whether there were significant differences in the relevance
rankings of the six perspectives between the start and end of the course (B). Here, we
followed two separate procedures: one for paired data from a subgroup of 62 participants
for whom we had both pre- and post-test data, and one for unpaired data of the total group.
For the paired data, we conducted a Wilcoxon signed-rank test for pairwise comparisons.
For the unpaired data, we conducted a Mann-Whitney U Test to identify statistically
significant differences in the relevance rankings between pre-test (n = 87) and post-test
(n = 83). To assess the degree of agreement among participants regarding relevance (A and
B) and effectiveness (C) rankings, Kendall’s coefficient of concordance (Kendall’s W) was
calculated. To assess potential selection bias due to attrition, we compared baseline pre-test
rankings between students who completed both pre- and post-tests (n = 62) and those
who completed only the pre-test (n = 25). Mann-Whitney U tests showed no significant
differences across any of the six perspectives (all p > 0.05), indicating that attrition was
unlikely to have biased the results.

Although multiple comparisons were conducted (15 for between-perspective analyses
and 6 for pre—post comparisons), we opted not to apply Bonferroni correction to the primary
analyses. Bonferroni adjustment is highly conservative in settings with correlated outcomes,
such as ranking data, which can substantially increase Type II errors. Given our focus on
detecting changes in relevance rankings, we prioritized consistency and interpretability
across analyses by the reporting of effect sizes to ensure robust conclusions. To support a
more nuanced assessment of statistical significance while controlling for multiple testing,
we provide False Discovery Rate (FDR)-adjusted p-values using the Benjamini-Hochberg
procedure in Supplemental Tables S1-54.

5.5. Qualitative Analysis

To analyze which perspectives students felt were missing (pre- and post-test), we
categorized their responses by perspective and calculated the frequency rates. To analyze
which educational design elements students felt contributed to the effectiveness of the the-
matic sessions in broadening their biomedical perspective, responses were analyzed using
a collaborative, consensus-based coding procedure. Three members of the research team
independently reviewed the responses and assigned a code based on whether it referenced:

1.  Person-related elements (“who”)—e.g., instructors or guest speakers.
2. Content-related elements (“what”)—e.g., topics addressed.
3. Process-related elements (“how”)—e.g., instructional design or teaching methods.

Following initial coding, the coders met to discuss discrepancies until full consensus
was reached. Additionally, responses related to the perspective rated as most effective at
the group level were further examined for in-group patterns or regularities.
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6. Results

6.1. Perceived Relevance of Different Perspectives
6.1.1. Perceived Relevance Rankings of the Different Perspectives Before and After
the Course

To determine whether there were statistically significant differences in students’ rele-
vance rankings among the six perspectives offered in the thematic sessions of the course,
a Friedman test was conducted. The results revealed a significant difference in relevance
rankings between perspectives both before the course (n = 87, x2(5) = 211.87, p <0.001) and
after the course (n = 83, x2(5) = 119.93, p < 0.001), indicating that some perspectives were
ranked as more relevant than others. To identify which perspectives were ranked signifi-
cantly higher or lower than others, post hoc Wilcoxon signed-rank tests were performed
for both the pre-test and post-test rankings (Table 2 and Supplemental Tables S1 and S2).
Perspectives sharing the same rank did not differ significantly in perceived relevance
(p > 0.05).

Table 2. Mean rankings and standard deviations of perceived relevance of perspectives before (n = 87)
and after the course (n = 83). Rankings were compared using the Friedman test, with pairwise
differences assessed through the Wilcoxon signed-rank test. Lower mean rank values indicate higher
perceived relevance.

Pre-Test Relevance Ranking Post-Test Relevance Ranking
Rank Mean Rank + SD Perspective Perspective Mean Rank + SD  Rank
1 1.48 £0.71 Patient E— Patient 1.87 £1.31 1
2 2.37 £ 1.06 Research participant Research participant 278 +£1.33 2
3 382+ 142a Planetary Legal expert 351 + 1.64 3
perspective
3 395+ 134a Methodologist Planetary 411+ 145¢ 4
perspective
4 450 4+ 146b Pharmaceutical Pharmaceutical 495 4 136 c 4
company company
4 485+1.23b Legal expert Methodologist 4.47 £ 1.56 c 4

Rankings for a, b, and ¢ were not significantly different (p > 0.05), resulting in shared final ranks.

6.1.2. Perceived Relevance of Perspectives Compared Between the Pre- and Post-Tests

To examine the significance of the shifts in relevance ranking between the pre- and
post-tests, the primary analysis focused on students who completed both the pre-test and
post-test (n = 62) to assess within-subject changes in relevance rankings. The Wilcoxon
signed-rank tests revealed significant changes in perceived relevance for all perspectives
except for the pharmaceutical company (p = 0.05) and the planetary perspective (p = 0.08).
The legal expert perspective showed the most substantial change (r = 0.82), suggesting a
strong positive shift in students’ perception of its relevance. All other significant changes
showed a decrease in perceived relevance of the perspectives, with the most notable
decrease in the methodologist perspective (r = 0.48) (Table 3).

To assess the robustness of our findings, we conducted a supplementary analysis
using the full dataset, comparing independent pre-test (n = 87) and post-test (n = 83)
groups with the Mann-Whitney U test. The Mann—-Whitney U test confirmed significant
differences in mean ranking for two of the six perspectives. The legal expert perspective
significantly increased in relevance perspective (p < 0.001), while the methodologist per-
spective significantly decreased (p = 0.008). No significant changes were observed for the
other perspectives (all p > 0.05) (Supplemental Table S3).

The results of both analyses suggest the thematic sessions influenced the perceived
relevance of the six perspectives. Expressed in mean ranking, the patient, research partici-
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pant, planetary, and methodologist perspectives went down in perceived relevance, while
the legal expert perspective moved up. Since it concerns relative ranking data, assump-
tions regarding whether our educational intervention influenced absolute relevance per
perspective cannot be made. For instance, if students developed a more positive perception
regarding the relevance of the methodologist perspective, but this change was smaller
compared to other perspectives, the methodologist perspective would be considered more
relevant in absolute terms but would still drop in the overall ranking of perspectives.

Table 3. Changes in mean rankings of perceived relevance of perspectives between Pre- and Post-
Test (n = 62). Rankings across perspectives were compared using the Friedman test, with pairwise
differences assessed through the Wilcoxon signed-rank test. Absolute effect sizes |r| were calculated
based on Wilcoxon Z-values, with Ir| < 0.3 considered small, 0.3-0.5 medium, and >0.5 large effect.

Perspective Pre-Test Rank Post-Test Rank p-Value Effect Size It Change in Mean
(Mean + SD)  (Pre) (Mean + SD)  (Post) Relevance
Patient 1.48 +0.76 1 1.81 +£1.23 1 0.027 0.48 (medium) Decreased
Research participant 245+ 1.11 2 2.82 +1.34 2 0.041 0.34 (medium) Decreased
Planetary perspective 384 +142 3 4104147 4 0.08 0.33 (medium) g\z;;g;‘iﬁcam
Methodologist 3.71 £1.30 3 440 £+ 1.61 4 0.004 0.48 (medium) Decreased
fi‘;ﬁi;e“tical 4634139 4 4214138 4 0.05 0.34 (medium) g\z;;g;‘iﬁcam
Legal expert 4.89 +£1.29 4 3.66 + 1.65 3 <0.001 0.82 (large) Increased
6.1.3. Missing Perspectives Before and After the Course
In addition to rating the relevance of the perspectives that were discussed in the
thematic sessions, students were asked to list perspectives they felt were missing from
the course. In the pre-test, 40 students provided 52 suggestions, whereas in the post-test,
21 students suggested a total of 30 perspectives. It should be noted that this question
was optional. Although the pre-test was completed by 87 students and the post-test by
83 students, only 40 and 21 students, respectively, provided responses to this open-ended
question. The mentioned perspectives are summarized in Table 4.
Table 4. Number of times perspectives were mentioned as missing, before and after the course.
Pre-Test (40 Students, 52 Perspectives) Post-Test (21 Students, 30 Perspectives)
Society 14 13
Patient family 8
Animals/lab animals 5 1
Journalists/media 5
Medical doctor 5 6
(Fellow)Researchers 4 1
Economic perspective 3
Government 2 1
Fuur it Leglton Regious, Lo 100rs Eutopenn Teahr
Other Political, Other disciplines, ! ’

sector, University, Alternative

Financial Advisor viewpoints (“Wappie”)
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Students mention both disciplinary perspectives, (e.g., economic perspective or med-
ical doctor), and societal perspectives (e.g., the government, society, and the family of
patients) as missing from the course. The lower number of missing perspectives reported
after the course may suggest that students perceived fewer gaps in the perspectives ad-
dressed. However, this reduction should be interpreted with caution, given the optional
nature of this open-ended question and the relatively limited number of student responses.

One possible explanation is that some perspectives students initially identified as
missing in the pre-test were still discussed in the thematic sessions. For example, economic
considerations and the role of government in the approval of medicines were discussed
within the session focusing on the pharmaceutical company perspective, while the use of
laboratory animals was addressed in the session on the planetary perspective. Although
these perspectives were not the primary focus of the sessions, their inclusion may have
contributed to students perceiving fewer missing perspectives.

Notably, the perspective of society as a whole remained the most frequently mentioned
missing perspective in both the pre-test and post-test. Also, the student suggesting the
‘Wappie’ perspective (which is a generally pejorative Dutch name for individuals with an
alternative science skeptic viewpoint) shows that to better align with student expectations
in future iterations, diverse societal opinions could be the subject of discussion.

6.2. Effectiveness of Educational Design of Each Perspective-Focused Module
6.2.1. Perceived Effectiveness of Educational Intervention per Perspective

To examine a possible link between the perceived relevance of a perspective and the
effectiveness of the educational intervention, students ranked each perspective according to
how effective they found them in broadening their biomedical perspective. The Friedman
test indicated a significant difference in effectiveness rankings across the six perspectives
(x*(5) = 168.05, p < 0.001). The Pairwise Wilcoxon signed-rank test indicated no significant
differences between the mean ranks of the patient and the pharmaceutical company and
between the planetary and methodologist perspectives. Students experienced the legal
expert thematic sessions as the most effective, and the planetary perspective and the
methodologist as the least effective (Table 5, Supplemental Table 54). Kendall’s W = 0.405
(p <0.001) indicated moderate agreement among students regarding these rankings. The
ranking in effectiveness corresponds with the results above, indicating that the legal expert’s
perspective increased in perceived relevance, and the methodologist’s and planetary’s
perspectives declined, indicating that there is a possible link between effectiveness of the
educational design and the perceived relevance of the perspectives.

Table 5. Mean rankings and standard deviations of perceived effectiveness of educational design
of each perspective after the course (n = 83). Rankings were compared using the Friedman test,
with pairwise differences assessed through the Wilcoxon signed-rank test. Lower mean rank values
indicate higher perceived effectiveness.

Perspective Mean Rank + SD Effectiveness Rank
Legal expert 1.72 £1.09 1
Patient 273+140a 2
Pharmaceutical company 317+ 140a 2
Research participant 3.89 £ 1.41 3
Planetary perspective 473+130Db 4
Methodologist 475+ 133D 4

Rankings for a and b were not significantly different (p > 0.05), resulting in shared final ranks.
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Our findings indicate that participating in the thematic sessions influenced students’
perceptions regarding the relevance they attributed to a set of six perspectives for broad-
ening their biomedical perspective, to some extent. Moreover, the ranking of perceived
effectiveness of the thematic sessions aligns with relevance shifts. To illustrate, students
rated the legal expert thematic session as the most effective session to broaden their biomed-
ical perspective, and this corresponds with a significant rise in how relevant they rate the
legal expert’s perspective. Moreover, they rated the methodologist on a shared last position
for effectiveness, and this was reflected in a decrease in perceived relevance from position 3
to a shared 4th position. This suggests that the thematic sessions may have shaped students’
perception of relevance. However, this may have to be corrected for original perceived
relevance; for instance, after the course, the legal expert was rated as the most effective the-
matic session but not as the most relevant perspective. The patient’s perspective remained
the most relevant perspective, but the corresponding thematic session not as most effective.
Apparently (and not surprisingly), there is also a limit to how educational interventions
can influence perceived relevance. In the remainder of this manuscript, we’ll discuss how
educational design features influenced students’ relevance perceptions.

6.2.2. Mentioned Design Elements That Contributed to Effectiveness

To examine which elements of the educational design influenced the ratings students
gave to the perspectives for broadening their biomedical outlook, we asked students
which educational elements in the thematic sessions they found most effective. A total
of 78 students responded to this question, identifying 140 design elements. For each
perspective, we categorized the mentioned elements as either person-related (who was
present in the session), content-related (what was discussed during the session), or process-
related (how the session was structured, e.g., teaching methods). The results are presented
in Table 6.

Table 6. Number of design elements mentioned by students for each perspective, categorized by
type (Who, What and How). The first number in each cell indicates how often a design element was
mentioned. The number in parentheses represents how many students mentioned an element in
this category.

Design Elements Regarding:

Number of Design Elements Mentioned

Perspective (Number of Students) Who What How
Legal expert 78 (45) 7(7) 21 (21) 50 (33)
Patient 45 (22) 15 (15) 13 (13) 17 (15)
Pharmaceutical company 11 (6) 3(3) 3(3) 5(4)
Research participant 4(4) 0 2(2) 2(2)
Planetary perspective 0 0 0 0
Methodologist 2(1) 1(1) 1(1) 0
Total 140 (78) 26 (26) 40 (40) 74 (54)

In their responses, students most frequently described design elements related to
the ‘how’ of the sessions, with many mentioning multiple elements regarding the session
structure and teaching methods. In contrast, elements related to ‘who” was present dur-
ing the session were discussed the least, which is understandable, as there is only one
possible ‘who’ element per session. However, there were still notable difference between
perspectives. For the patient perspective, the presence of patients was the most frequently
mentioned design element. 15 out of 22 students (68%) identified the presence of patients
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as a factor contributing to the effectiveness of the session. In contrast, for the legal expert’s
perspective, only 7 out of 45 students (16%) mentioned the presence of the legal expert. For
the legal expert’s perspective, ‘how’” elements were most commonly discussed, with 33 out
of 45 students (73%) mentioning at least one aspect of how the session was structured.

To further examine the difference between design elements, we analyzed which specific
design elements were mentioned for the two perspectives that had the most responses (the
legal expert’s perspective and the patient perspective). An additional reason for further
examining these perspectives was that they represent both a disciplinary (legal expert)
perspective and a societal (patient) perspective. The specific design elements students
mentioned are listed in Table 7.

Table 7. Categorization of the specific design elements students discussed for the patient and the
legal expert perspective.

Patient Perspective Legal Expert Perspective

Design Element

Data Times Mentioned Times Mentioned
Who Perspective Owner 14 6
Enthusiastic Speaker 0 1
What Personal Stories 8 0
Interesting Content 2 11
Imposing Content 1 0
Unique Content 1 2
Multiple Perspectives Discussed 1 0
Specific Content Discussed 0 4
Content was related to Biomedicine 0 1
How Interactive Education 16 8
Constructive Alignment 1 6
Instructional Clarity 0 18
No Discussions 0 1
Use of Clear Examples 0
Small Group Size 0
Alternating between Information and 0 9

making Assignments

In the case of the patient perspective, students frequently cited the presence of patients
and direct interaction with them as the key design elements contributing to the session’s
effectiveness. In contrast, for the legal expert perspective, the presence of a perspective
owner appeared to be less critical. Instead, students highlighted the teaching competencies
of the legal expert as a major factor in their learning experience. Elements categorized under
‘instructional clarity” included the use of well-structured information, a clear presentation
style, and an appropriate session pace. Notably, none of these instructional clarity elements
were mentioned in relation to the patient perspective. This difference may be attributed
to varying student expectations: students may not hold individuals with a non-academic
(patient) perspective to the same teaching standards as those with an academic (legal
expert) perspective. Another possible explanation is that students perceived the relevance
of the patient perspective as more self-evident compared to the legal expert perspective.
This aligns with findings from the pre-test relevance rankings (Table 2), where the patient
perspective was rated as highly relevant, whereas the legal expert perspective was perceived
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as relatively less important. As a result, the mere presence of a patient may have been
enough to engage students, while the legal expert perspective required additional support
through engaging content, strong teaching skills, and a well-structured session format to
capture students’ interest. In addition, interactive learning was valued; students valued
interaction with the perspective owner in both the patient and legal expert thematic sessions.
Specifically in the legal expert session students valued the opportunity to apply their newly
acquired knowledge in assignments in the legal expert thematic session.

7. Conclusions and Discussion

Interdisciplinary and transdisciplinary (ITD) collaboration is essential for addressing
complex socio-scientific issues, as such issues require the integration and critical appraisal
of knowledge from both disciplinary and societal perspectives. From an educational
perspective, this positions critical thinking (CT), the ability to evaluate evidence, reflect
on assumptions, and engage with alternative viewpoints, as a core competency for future
biomedical scientists. Drawing on the theory of boundary crossing, this study examined
how educational designs that emphasize identification (becoming aware of one’s own and
others’ perspectives) and reflection (reconsidering one’s assumptions in light of alternative
viewpoints) can support this form of critical engagement in higher education. As the present
study focuses on an early-stage undergraduate course, the form of critical engagement
examined does not presuppose a fully developed disciplinary identity. Rather, engaging
students early in identifying and reflecting on their emerging disciplinary perspectives
may help prevent the uncritical acceptance of disciplinary dogmas and foster openness to
alternative perspectives later in the curriculum.

The findings of this study support the idea that introducing students to multiple
perspectives in an educational setting can influence how they assess the relevance of
these perspectives. While students consistently prioritized the patient perspective both
before and after the course, participation led to shifts in relevance rankings, most notably
an increased appreciation of the legal expert perspective. Interpreted through a critical
thinking lens, these shifts suggest that targeted educational interventions can prompt
students to reconsider initial assumptions and to more critically appraise perspectives they
may previously have undervalued. Additionally, students’ perceptions of effectiveness
aligned with the relevance shifts, indicating that well-designed educational experiences
can enhance students’ appreciation of diverse perspectives.

The lower perceived effectiveness of the planetary and methodologist perspectives
warrants further reflection. One plausible interpretation is that these perspectives may
have been perceived as less novel or less distinct from students’ existing frames of reference.
Sustainability-related issues are increasingly prominent in education and public discourse,
which may have reduced the extent to which the planetary perspective introduced new
ways of thinking. Similarly, the methodologist perspective is more closely aligned with
students’ emerging biomedical disciplinary perspective, potentially resulting in fewer
perceived perspective shifts.

Students’ qualitative responses highlighted the role of different educational design
elements in shaping their learning experiences. The presence of patients was the most fre-
quently cited factor contributing to effectiveness, whereas for the legal expert perspective,
students placed greater emphasis on strong teaching skills and structured content deliv-
ery. This suggests that students may hold different expectations depending on whether a
perspective is disciplinary (e.g., legal expert) or societal (e.g., patient). Regardless of the
perspective of the thematic session, students valued opportunities to interact with the per-
spective owner and to apply their newly acquired knowledge. These interactive elements
might be essential for supporting the learning mechanisms of identification and reflection.
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They could be further harnessed by introducing assignments where students are actively
asked to define differences between what they have learned about the new perspective and
their own personal and disciplinary perspective (i.e., an identification process).

7.1. Study Limitations

A central limitation of our findings is that students were asked to reflect on educational
design elements only for the perspective they ranked as most effective. As a result, students
primarily identified design elements contributing to the effectiveness of the patient and
legal expert perspectives. Consequently, the data do not allow for a systematic comparison
of instructional design across all thematic sessions, which limits our ability to compare
the differences in effectiveness between disciplinary and societal perspectives thoroughly.
Differences in perceived effectiveness can therefore not be directly attributed to differences
in session design. Interpretations regarding variation in effectiveness should thus be
regarded as tentative and point to directions for future research and course design.

In addition, the patient perspective was already ranked highly in the pre-test, indi-
cating that students may have entered the course with a pre-existing bias about which
perspectives they considered important. This initial positioning may have constrained
the extent to which educational interventions could further influence students’ relevance
judgments for this perspective.

Furthermore, while this study examined short-term changes in students’ perceptions
of relevance, interpreted as indicators of developing critical engagement with multiple
perspectives, it remains unclear how these changes translate into a sustained appreciation
of multiperspectivity or into longer-term development of critical thinking capacities.

A further limitation is that critical thinking was assessed indirectly through students’
relevance judgments rather than through direct performance-based measures. Future
research could address this by combining perception-based indicators with validated
critical thinking assessments, such as the Halpern Critical Thinking Assessment (Halpern,
2012, de Bie et al., 2015), alongside context-specific assessments such as the open-ended
questions or the argumentative writing tasks.

Finally, the present study did not assess whether exposure to diverse disciplinary and
societal perspectives contributed to the broader competencies and attitudes required for
interdisciplinary and transdisciplinary collaboration in students’ subsequent educational
trajectories or professional practice. Longitudinal research is therefore needed to examine
how preparatory ITD education supports the durable development of critical thinking
competencies in addressing complex socio-scientific challenges.

7.2. Implications for Practice

The results of this study indicate that teaching methods and session structure play
a crucial role in students’ perception of effectiveness in increasing their appreciation of
diverse perspectives. Future course designs could explore more structured approaches
to integrating perspectives, to create a more balanced and engaging experience across
all perspectives.

Additionally, the societal perspective remained one of the most frequently mentioned
missing elements in both the pre-test and post-test. This suggests that future iterations
of the course should further integrate discussions on broader societal viewpoints. In
addition to incorporating more diverse societal viewpoints, a potential improvement to the
course could be the inclusion of sociology or political science as disciplinary perspectives.
These fields could introduce students to methods for analyzing and researching societal
opinions, helping them better understand how public perceptions influence biomedical
innovation and policy. Such an addition would further enrich their ITD learning experience
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by deepening their engagement with the social dimensions of science. Finally, the course
development team valued the presence of perspective owners during the education session.
Therefore, the perspectives discussed were perspectives that allowed for direct interaction.
However, some perspectives can only be hypothesized or explored theoretically (e.g.,
future offspring in case of genetic germline modification). The inclusion of hypothetical
perspectives and discussion about their relevance for discussing SSIs might be a valuable
addition to the described course.

In conclusion, this study shows that educational interventions can influence how
students perceive the relevance of diverse perspectives in addressing SSls. By incorporating
the boundary-crossing mechanisms of identification and reflection as learning approaches
to support critical thinking development, the course encouraged students to engage with
both disciplinary and societal viewpoints. Our findings offer practical insights for designing
early-stage undergraduate education that fosters critical thinking and better prepares
students to navigate complex, real-world challenges.
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