
Towards
holistic
science
Cultivating a mindset suiting
inter- and transdisciplinarity

Effie Leijten

Master Thesis

Te
ch

ni
sc
he

U
ni
ve
rs
ite

it
D
el
ft





ii

Towards
holistic science

Cultivating a mindset suiting inter- and
transdisciplinarity

by

Effie Leijten

Master Thesis

To obtain the degree of Master of Science,
In the Communication Design for Innovation track of Science Education and Communication,

At the Delft University of Technology,
To be defended publicly on Thursday, November 2, 2023 at 9:00 AM.

Student number: 4477162
Publication date thesis: October 18, 2023
First supervisor: Dr. Éva Kalmár
Second supervisor: Dr. Caroline Wehrmann
External supervisor: Dr. Marieke Klijn

An electronic version of this thesis is available at http://repository.tudelft.nl/.

http://repository.tudelft.nl/


Executive summary

The 21st century is marked by rapid changes, interconnectedness, and uncertainty regarding the future.
Complex issues such as climate change pose challenges, yet current scientific approaches predomi-
nantly employ reductionism, dissecting intricate problems into isolated components. This ’reductionist’
lens limits our ability to comprehend the interdependencies and cascading effects shaping these is-
sues. This thesis addresses the pressing need for scientists to adopt a more ’holistic’ perspective on
science and embrace inter- and transdisciplinarity in tackling complex 21st century issues, such as cli-
mate change. The thesis focuses on the academic discipline of biotechnology and combines insights
from ’Science Education and Communication’ with ’Life Science and Technology.’ It employs a mixed-
method, design-based research approach conducted in three phases, guided by the overarching goal
of cultivating a ’holistic’ mindset suited for inter- and transdisciplinary practice.

Phase 1: Contextual Perceptions and Reflective Practice within the context of a biotechnol-
ogy research consortium
Phase 1 sets the stage by exploring contextual influences on participants’ mindsets regarding inter-
and transdisciplinary practice within the academic discipline of biotechnology. This phase involved an
in-depth case study focused on a consortium, a specific and localized context within the larger field of
biotechnology. The research methodology employed for this phase was primarily qualitative in nature.

To analyze and understand the complex dynamics at play, a theoretical lens was constructed encom-
passing the Social Identity (Complexity) Theory, the concept of ’Mental Models’, the Cognitive Dis-
sonance Theory and theory on Learning Through Reflection. Within this theoretical framework, the
mindset is conceptualized as ”a collection of individual and collective beliefs”.

The most critical findings of Phase 1 revolved around the dynamic nature of contextual shifts observed
during reflection processes the case study participants underwent, as evaluated through in-depth cod-
ing analysis. These shifts were initiated by the introduction of one of two artworks as unusual contextual
triggers, which prompted participants to rethink and reevaluate their perspectives. This underlines the
importance of context and how external factors can stimulate reflection, impacting the development of
a ’holistic’ mindset. Emotions and cognitive dissonance emerged as stimulating factors in these reflec-
tive processes with a contextual shift, emphasizing their role as drivers of change in mindsets within
the field of biotechnology. Based on these findings, the essence of cultivating a more ’holistic’ mindset
in this case study’s context is encapsulated in the concept of ”Re-connecting yourself.”

This phase lays the groundwork for understanding how contextual influences shape mindsets and high-
lights the essential role of reflection, emotions, and cognitive dissonance in the development of a ’holis-
tic’ mindset. While the context of Phase 1 was highly specific, the subsequent phases delve into more
generalized aspects of inter- and transdisciplinary practice, building upon the insights gained here.
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Phase 2: Defining what can induce continuous cultivation of a ’holistic’ mindset
Phase 2 focused on defining the factors that can continuously cultivate a ’holistic’ mindset within the
academic discipline of biotechnology. This phase was informed by an input session with members
from a different biotechnology context, broadening the research perspective. The insights from Phase
1 were reevaluated in this phase, and they were combined with insights from additional literature, re-
sulting in three key findings: 1) The importance of preserving individuality while fostering connections
within the academic discipline became apparent, emphasizing the need to create a tool that promotes
’re-connection’ without compromising personal identity; 2) The concept of boundary objects, which fa-
cilitate communication across disciplinary boundaries, emerged as a valuable guiding principle for tool
design, ensuring it bridges gaps between various perspectives within biotechnology; and 3) Emotions,
particularly ’autonomy’ and ’relatedness,’ were identified as universal triggers for reflective conversa-
tions. These insights indicated that tool design should incorporate elements that engage these emo-
tions, promoting meaningful interactions among biotechnology professionals. These insights form the
basis for the subsequent stages of tool development.

Phase 3: Tool Design
In the third phase, the ”Out of Context!” tool prototype was designed, whose objective is to facilitate the
continuous development of a ’holistic’ mindset and support interdisciplinary practices among biotech-
nology professionals. Based on insights from Phases 1 and 2 and an additional input session with
members from the different biotechnology context, the tool was designed with the following design cri-
teria in mind: 1) Contextual Relevance, i.e., it addresses the specific needs and challenges faced by
academics in the field while preserving individuality and fostering (inter- and transdisciplinary) connec-
tions; 2) Facilitation of Creative and Comfortable Discussions, i.e., it facilitates creative and comfortable
discussions allowing users to bridge the gap between different perspectives; 3) Integration of Personal
Beliefs, i.e., it allows its users to integrate their personal beliefs and experiences in discussions so that
contextual factors shaping them are highlighted; 4) Support for Minor Interactions and Individual Use,
i.e., support relatively small meetings or personal use; and 5) Establishing a Common Ground, i.e., it
helps its users to define and visualize a common ground when reflecting on their mindset.

Conclusion and recommendations
This work offers a unique approach to understanding the transition to inter- and transdisciplinarity, draw-
ing on social constructivism and the experiences of practitioners in the academic discipline of biotech-
nology. The significance of this research lies in its potential to inform the development of a ’holistic’
mindset and the practice of inter- and transdisciplinarity within the biotechnology scientific community.
The findings underscore the need for practitioners and researchers to report their experiences and in-
sights regarding the practice of inter- and transdisciplinarity, providing valuable insights into bridging
theory and practice. Additionally, the ’Out of Context!’ tool’s effective implementation and evaluation
are vital, as it holds the potential to transform discussions related to the ’holistic’ mindset, thereby
advancing interdisciplinary practices in the field of biotechnology.
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1
Introduction

The 21st century is marked by rapid changes, interconnectedness, and uncertainty regarding the fu-
ture (Broo, 2022). At present, the formulation of problems related to complex issues, such as climate
change, is challenging. Currently, scientific approaches attempting to tackle these issues are mostly
’reductionist’, seeking to dissect intricate problems into isolated components for analysis. For example,
(applied) sciences are compartmentalized into ecological, social, economic, and technological factors.
However, this ’reductionist’ lens limits our ability to comprehend the interdependencies and cascading
effects that shape these issues, accompanied by a risk of overlooking the intricate web of interactions
among variables and failing to grasp the ’holistic’ nature of these issues. For instance, focusing solely
on isolated aspects of climate change, such as carbon emissions, without considering the broader so-
cioeconomic context, can lead to ineffective solutions that inadvertently exacerbate other issues.

Figure 1.1: The ’reductionist’ versus more ’holistic’ scientific perspective.

1
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In this context, scholars have aptly criticized the current ’reductionist’ approach in applied science,
labeling it as ’fragmented, ’reductionist, and materialistic’, as it is often only shaped by one specific
compartmentalized academic discipline (Fonseca Albuquerque Cavalcanti Sigahi and Sznelwar, 2021;
Gidley, 2010). For scientists to act more responsibly or ethically related to all complexity outside of
their discipline, they recommend a change in scientific inquiry: one related to a ’holistic’ view of sci-
ence and one’s responsibility as a scientist (Broo, 2022; da Costa, 2022; Frödin, 2017; Gidley, 2010;
Hermes and Rimanoczy, 2018). However, despite the significant efforts that have been undertaken in
recent decades to embrace more ’holistic’ perspectives, the effectiveness of these endeavors in driving
systemic change remains limited (Mckenna et al., 2014).

1.1. A ’holistic’ mindset for ’holistic’ science
Science meant to contribute to current complex issues, if not all science, is susceptible to socio-cultural
values and perceptions of reality. Therefore, to improve current scientific practice, scholars stress
that academic participants should respond consciously with self-criticism, self-revision, and self-control
(Benedikter et al., 2010). Inspired by this, studies have focused on describing the mindset of individuals
who (want to) consistently have this response (Christensen et al., 2021; Noble et al., 2016). This has
led to varying concepts of what this ‘ideal’, ’holistic’ mindset should look like.

Figure 1.2: Towards a ’holistic’ mindset that acknowledges perceptions to be susceptible to socio-cultural values and
perceptions of reality, and supports scientists to transcend current disciplinary or scientific boundaries via inter- and
transdisciplinarity.

In the literature describing this ’holistic’ view of science, an interdependence is often acknowledged
between exercising this mindset, tackling complex sustainability problems, and (an attempt to have)
inter- or transdisciplinary collaborations (Fonseca Albuquerque Cavalcanti Sigahi and Sznelwar, 2021;
Gidley, 2010; Max-Neef, 2005). Although different interpretations exist (Max-Neef, 2005), inter- or
transdisciplinarity is often defined by one or both of the following aspects: constructive interactions to
co-create new knowledge frameworks, and the inclusion of nontraditional stakeholders (Carmen, 2021;
Rigolot, 2020). Whenmoving towards inter- and transdisciplinarity, a more ’holistic’ mindset is expected
to change collaboration norms and practices to those that suit inter- and transdisciplinarity. Vice versa,
an improved inter- and transdisciplinary context can help the cultivation or ‘practice’ of having a more
’holistic’ mindset (Kudo et al., 2018).
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1.2. Limitations for the cultivation of a ’holistic’ mindset
According to the scholarly view of ’holistic’ science, it is essential to train individuals to cultivate this
’holistic’ mindset and use it in their professional career (Fonseca Albuquerque Cavalcanti Sigahi and
Sznelwar, 2021; Hermes and Rimanoczy, 2018). However, a current knowledge gap exists on how
to shape scientific (education) environments so that participants internalize this new perspective, i.e.,
one that envisions that inter- and transdisciplinarity connected to a new mindset is required to solve
nowadays complexity (Jacobs and Nienaber, 2011; Kudo et al., 2018). This gap has been largely over-
looked by the mainstream academic practice of today (Gidley, 2010; Guimarães et al., 2019). As a con-
sequence, the academic environments remain ’mono-disciplinary’-focused, in which the ’fragmented,
reductionist, and materialistic’ perspective is extensively trained and connected to collaboration ap-
proaches mostly within the discipline itself (Broo, 2022; Fonseca Albuquerque Cavalcanti Sigahi and
Sznelwar, 2021; Noble et al., 2016).

Notably, scientific inquiry from this ’reductionist’ perspective remains extremely valuable, as problems
can be simplified by choosing strategic assumptions. Reflecting on this raises questions like ‘Do we
really need to train academics of all disciplines to co-develop this ’holistic’ view next to the traditional
one?’ and ’Can we create a subgroup with this co-specialization?’. Currently, the number of disciplinary-
broad attempts claiming to set up programs to train individuals in such a co-specialization increases.
However, incorporating everything required for this more ’holistic’ perspective remains a challenge, as
the perspectives remain solely susceptible to the perceptions of individuals participating in these pro-
grams. As stated by Gidley (2010),

“While the different disciplines push for what is needed from their own perspectives, very few have
the breadth of vision to encompass the wide-ranging sweep of deep change that is required. Yet, per-
haps even apparently far-sighted transdisciplinary fields such as futures studies are for the most part
looking too close to the ground (pragmatic futures) and/or are too short-term focused (strategic futures)”.
(Gidley, 2010)

In addition, individual academic participants that are intrinsically motivated to move towards inter- and
transdisciplinarity are often limited by their disciplinary context. In essence, based on reported experi-
ences, it is apparent that the predominant emphasis within the current research and education context
prioritizes predictable, risk-free practices, highlighting standardized testing and evaluation as indicators
of ’strong science’ (Christensen et al., 2021). Learning in new, undefined ways with attention to the
influence of context is therefore often not worth the time and risk (Christensen et al., 2021; Guimarães
et al., 2019). This general preference is reflected in both the science education and the funding pref-
erence of grant-giving institutions (Christensen et al., 2021). In addition, according to Böschen et al.
(2010), dominating perspectives of nonknowledge are known to differ between scientific disciplines and
to cause conflicts and misunderstanding when collaborating inter- or transdisciplinarily. Furthermore,
depending on the discipline, existing research (thinking) routines, structures, and networks specific to a
discipline are often seen to limit the success in crossing ‘disciplinary boundaries’ (Böschen et al., 2010;
Carmen, 2021). Based on this, one could argue that the current academic, professional environment is
generally also not one for participants to individually exercise inter- and transdisciplinarity and cultivate
a more ’holistic’ mindset suiting complexity. In other words, a second knowledge gap exists in under-
standing how to both sustain intrinsic motivation within individuals and provide them with the necessary
tools to facilitate their movement towards inter- and transdisciplinarity and initiate the required change.
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Finally, many argue that the more ‘holistic’ mindset and inter- and transdisciplinary practice cannot
be normatively determined and that instead it must be continuously shaped by the perspectives of its
participants (Augsburg, 2014; Thompson et al., 2017). However, for this to happen, participants need
to start connecting views from outside disciplinary or scientific boundaries to the complex problem they
are tackling and to the mindset they cultivate when doing so. When reflection occurs and participants
respond with self-revision, they can initiate a change (Jacobs and Nienaber, 2011; Kudo et al., 2018).
Because the limitations of the academic environment play such a significant role in the development of
inter- and transdisciplinarity, it is interesting to investigate the role of various academic contexts in more
detail. Research aiming to discover how different academic contexts influence the types of collabora-
tion and mindset cultivated by the collaborating participants can be an opportunity to understand how
to boost this development. Nevertheless, the actual movement towards inter- and transdisciplinarity
needs to be executed by the academics themselves:

“The change is necessary and, in spite of all existing difficulties, it can only come from within the
University, through the action and cooperation between enlightened academics” (Max-Neef, 2005)

1.3. The academic discipline of biotechnology
The academic discipline of biotechnology already represents a well-developed branch of various ap-
plied sciences that uses living organisms and their derivatives to design processes. However, the
discipline has only recently been challenged to integrate into a broader concept of bioeconomy, serv-
ing complex societal challenges such as climate change (Carmen, 2021). This comes with new ac-
countability for unknown consequences and risks of implementing modification technologies in day-
to-day life, which is increasingly felt by the discipline’s participants. However, this newly gained ac-
countability is generally not included in disciplinary practice. In addition, since the discipline focuses
on using (adapted) living microorganisms, its participants are inherently connected to an ’objective’
and’materialistic’ perspective of a ‘being’. Phrased differently, biotechnology research efforts continu-
ously explore the ‘material’ basis of ‘existence’ or ‘identity’, defined by genes present (Benedikter et al.,
2010). Because of this, the subjective, self-conscious, and non-material dimensions of scientists as
’human beings’ are easily overlooked (da Costa, 2022; Frödin, 2017). Based on this, it can be argued
that the discipline of biotechnology requires its academic participants to be trained to codevelop the
’holistic’ mindset next to the traditional, ’reductionist’ one.

1.4. Thesis goal & research questions
This thesis is the result of a Double Degree of two master studies: the master ’Science Education and
Communication’ with the specialization ’Communication Design for Innovation’ (CDI) and the master
’Life Science and Technology’ (LST). Both fields are combined by performing social science research
and design-based research (CDI), applied in the context of research in biotechnology (LST).

The thesis originates in the normative claim that scientists tackling complex issues need to adapt their
perspective on science towards a more ’holistic’ one, accompanied by moving towards inter- and trans-
disciplinarity via continuous reflection (Figure 1.3). However, this thesis evaluates this continuous
transition towards inter- and transdisciplinary practice, connected to the cultivation of a more ’holistic’
mindset from a social constructivism point of view. From this point of view, the chances of initiating
change inherently depend on the social context.

With a specific focus on the context of the academic discipline of biotechnology, this thesis aims to con-
tribute to the transition of academics of the discipline of biotechnology to co-develop a ’holistic’ mindset
next to ’reductionist’ one. It answers the following main research question:

Q: How can members of the academic discipline of biotechnology be incited to continuously and con-
sciously cultivate a more ‘holistic’ mindset suiting inter- and transdisciplinarity?
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Figure 1.3: Schematic overview of the starting point of this thesis. The normative claim for moving towards inter- and trans-
disicplinarity via continuous reflection is accompanied by a constructivist perspective for shaping this inter- and transdisciplinary
practice and, indirectly, the mindset suiting this practice.

To address this overarching question, the research is guided by the following sub-questions:

• Q1: How do contextual perceptions within the academic discipline of biotechnology, as observed
in a case study, influence the development of a more ’holistic’ mindset suiting inter- and transdis-
ciplinary practices?

• Q2: According to members of the academic discipline of biotechnology, what can induce the
continuous and conscious cultivation of a more ’holistic’ mindset?

• Q3: What tool can be used to support the cultivation of a more ’holistic’ mindset of members of
the academic discipline of biotechnology?
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1.5. Thesis structure
This thesis follows a phased approach to answer research questions: The chapters in this thesis sub-
sequently focus on research sub-question 1, 2, and 3 (Figure 1.4). However, they are not just isolated
sections of research. Instead, they form a coherent narrative in which the answers of previous re-
search sub-question(s) contribute to the research process employed to answer subsequent research
sub-questions. The structure unfolds as follows.

In chapter 2, the general methodology is introduced. This methodology will further specify the phased
approach used to answer all research sub-questions. Thus, this chapter explains the framework used
to navigate the research process of this thesis.

Chapter 3 and 4 focus on answering research sub-question 1, i.e., on how contextual perceptions and
reflection processes influence the development of a more ’holistic’ mindset. Chapter 3 explores the
landscape of the investigated topic, employing an explorative literature study to compose a theoretical
framework to define concepts and a view for data analysis that is used to answer research sub-question
1. Chapter 4 answers research sub-question 1 using a qualitative approach and subsequent data anal-
ysis of a specific case study: ’The Towards Zero-Emission Biotechnology Consortium’. This chapter
also includes methodology specifics and a discussion of the findings and approach used. Chapter 5
answers research sub-question 2, focusing on what can incite the continuous and conscious cultiva-
tion of a ’holistic’ mindset among members of the academic discipline of biotechnology. This chapter
includes methodology specifics, a description of the main findings, and a discussion of the findings.
Chapter 6 answers research sub-question 3, by delve into the design of a tool that can support the
cultivation of a ’holistic’ mindset. This chapter includes methodology specifics, a description of the tool
design process, and a discussion of the findings. Chapter 7 serves as a validation point for tool de-
sign. Here, the effectiveness and applicability of the designed tool is tested to evaluate whether the
tool answers the main research question - it evaluates whether the tool can be used to incite members
of the academic discipline of biotechnology to continuously and consciously cultivate a more ’holistic’
mindset suiting inter- and transdisciplinarity.

Chapter 8 discusses the overall research of this thesis. This discussion includes a critical reflection on
the findings and approaches used in chapter 5 and 6, and an overall critical reflection on the research
performed and the findings of this thesis.

Chapter 9 provides the thesis’ conclusion and chapter 10 describes the outlook regarding future re-
search and tool application. Finally, chapter 11 provides a personal reflection of the research per-
formed.

Figure 1.4: An overview of the thesis structure. The chapters that contribute to answering a research (sub-)question are
depicted above the respective research (sub-)question.



2
Methodology

This chapter explains the general methodology choices made and how theory and practice are com-
bined. Moreover, it explains the way in which these methodology choices support the process of com-
bining the fields of both master programs and how theory and practice contribute to linking both fields
in one thesis. However, more detailed description of the methodology and explanations of the choices
made are presented in the chapters describing their respective results.

2.1. Design-based research: Triple-diamond model
This section explicates the foundation of the general methodology of this thesis, grounded in design-
based research with the use of a mixed-method approach. This approach integrates research methods
originating in the social sciences with design methods.

The main research question and the research sub-questions posed in this thesis (Section 1.4) follow
a specific progression: first, examining a specific case study context (Q1), then expanding the focus
to a broader context (Q2), and finally translating the findings into a practical tool (Q3). To navigate
this triple-phased research progression, the ’triple-diamond model’ was selected as the methodology
framework, encompassing three sequential phases of divergence and convergence (Figure 2.1). The
model was previously introduced during the educational program ’Communication Design for Innova-
tion’ (CDI) and proved suitable for guiding this research.

Phase 1 utilizes divergent thinking to explore the landscape of the investigated topic, employing liter-
ature, theory, and experiences within the context of biotechnology. Subsequently, the process transi-
tions to convergent thinking, combining the insights gathered. The outcomes of this phase are used
to address the first research sub-question (Figure 2.1, Section 1.4) and in shaping the foundational
essence required to’move towards inter- and transdisciplinarity,’ representing the first iteration of the
starting point.

The iterations of phases 2 and 3 are used to translate this essence to a bigger context and into a
tool (research sub-question 2 and 3, Section 1.4). In phase 2, divergent and subsequent convergent
thinking is used to gain new input, re-iterate with previous insights, and define the purpose of the tool
(captured in a ’Decision Narrative’). In phase 3, divergent and convergent thinking is used to design
the tool.

In addition to the difference in focus during each loop, this model provides a unique framework to
integrate theoretical insights with practical experiences. The upcoming sections explain how this ’triple-
diamond model’ structure enables the combination of theory and practice at various stages of the re-
search, strengthening the endeavor to address the research sub-questions and subsequently the main
research question.

7
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Figure 2.1: An overview of the ’triple-diamond model’ structure followed during the design process of this thesis, vi-
sualising the ’research methods’, ’thesis sub-questions addressed’ and ’source of information processed’ for each
phase. Research methods are depicted below the diamonds. Below that, the sub-questions addressed are depicted per phase.
The ’type of information processed’ is subdivided into ’Practice’ (yellow) and ’Theory’ (blue). Scholarly theories: Theories as
described in scholarly literature; (Scholarly) literature: models and concepts as described in the scholarly literature; CDI skills:
skills obtained in the master program ’Science Education and Communication’ with the specialization ’Communication Design
for Innovation’ (CDI); ’ZEB’ consortium: experiences from interviewed participants of ’The Towards Zero-Emission Consortium’
(TU Delft, related to the technical thesis of LST); MEP LST: experiences obtained when performing research for the technical
thesis of the master program ’Life Science and Technology’ (LST); Researchers of IMB: experiences from PhD’ers, postdocs and
technicians of the research group ’Industrial Microbiology’ (IMB) at TU Delft; Second CDI thesis: experiences from a (student)
researcher developing a different tool as part of the Double Degree thesis for a similar context (’the academic sub-discipline of
nanobiology’); LST general: general experiences obtained from the master program ’Life Science and Technology’ (LST).

2.1.1. Theory
Scholarly theory contributed to the research approach of phase 1 via concepts and definitions obtained
from the scholarly literature obtained through exploratory literature studies and through a theoretical
framework composed of theories described in the literature that were applicable to the research topic
addressed.

In phase 2, the practice input acquired through structured input sessions was iteratively refined by in-
corporating supplementary literature to link it to scholarly (theoretical) views regarding inter- and trans-
disciplinarity.
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2.1.2. Practice
Practice contributed to the research approach of phase 1 via general CDI skills applied, practical expe-
riences of the case study participants interviewed and personal experiences obtained through research
for the technical LST thesis.

’The Towards Zero-Emission Biotechnology Consortium’ served as case study for this thesis to answer
research sub-question 1. The consortium participants represented various sub-disciplines or ’sections’
within the Department of Biotechnology at TU Delft. The collaboration setup of ‘ZEB’ is based on
frequent interactions between primary investigators (PIs) and between PhD students, whom the PIs
give direction. In total, nine PIs collaborate with each other. They operate with two objectives:

1. ‘Trying to convert resources to products, while minimizing emission or maximizing the utilization
of CO2’

2. ‘Initiate and strengthen new strategic lines and harvest cross-section synergy.’

This consortium presented itself as a valuable case study for several reasons. The unique composition
of the consortium aligns well with the pursuit of inter- and transdisciplinarity. As established earlier,
moving towards inter- and transdisciplinarity captures the evolving nature of collaborative practices via
continuous reflection. The consortium exemplifies a group of individuals making deliberate efforts to
progress from disciplinary silos towards stronger inter- and transdisciplinary engagement.

In phases 2 and 3, insights from structured input sessions reflected experiences from both researchers
of the group ’Industrial Microbiology’ (IMB) (the group supporting the research of the technical thesis
of LST) and a (student) researcher developing a different tool as part of the Double Degree thesis for a
similar context (’the academic sub-discipline of nanobiology’). Similarly to personal experiences, these
insights were used to situate the findings of phase 1 in a broader context and to translate them into
tool design. In addition, the inclusion of a student researcher engaged in a parallel Double Degree
thesis for a related technical thesis provides an opportunity for cross-disciplinary learning during the
tool development approaches.

The technical LST thesis was paused when executing the research steps of phases 2 and 3. How-
ever, during these phases, experiences up to that moment from the technical thesis and both master
programs contributed to situate insights obtained within broader contexts. This dynamic integration
allowed for the informed translation of research findings into applications that resonate with a wider
scope, effectively bridging the gap between specific case study insights and their relevance to broader
academic and professional contexts.

2.2. Methods
This section describes the choices of methods used when trespassing all phases of the ’triple-diamond
model’ (Figure 2.1).

The choice of research methods for each phase is intentional and, again, aligns with the distinct nature
of the posed research questions. Research sub-question 1 is tailored for qualitative social science
research, defining the essence of the problem linked to the thesis’s goal, within the confined context of
participants of one biotechnology research consortium. Using qualitative methods and data interpreta-
tion offers a nuanced understanding of the thesis subject matter. In contrast to this specific context, re-
search sub-question 2 aims to broaden the contextual scope, encompassing a more generalized range
of contexts across the ’academic discipline of biotechnology.’ In addition, research sub-question 3 intro-
duces a design-oriented inquiry, demanding an approach centered around deliberate design choices.
Given this broader context without well-defined boundary conditions, more flexible and adaptive design-
based research serves as a more suitable methodology for addressing research sub-questions 2 and
3.
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2.2.1. Methods Derived from social sciences
To refine the definitions and points of view of this thesis, including the pivotal ’mindset’ concept, an
initial explorative literature study was selected as the initial divergence methodology. This method
ensures a precise definition of the central topic, ’mindset for inter- and transdisciplinarity,’ defined as
a normative claim according to scholarly perspectives. In addition, a second explorative literature
study was selected: One that focused on scholarly perspectives on and theories of continuous reflec-
tion in the context of inter- and transdisciplinarity.

To create a theoretical lens for examining the perspectives of the participants and their reflective pro-
cesses, a theoretical framework was composed of applicable theories. To ensure its suitability for
addressing the core of the topic, mindset for inter- and transdisciplinarity, this framework was tailored
to align with the normative claim and scholarly perspectives identified in the explorative literature study.
This framework provides a structure for designing semi-structured interviews and analyzing data,
methods used in the systematic convergent thinking process required to address research sub-question
1 (Section 1.4).

2.2.2. Methods derived from design thinking
As explicated, in phases 2 and 3, the methods originated from design-based research. The design
approach in these phases involved a series of structured input sessions, through which essential in-
sights about the essence, the purpose of the tool and its intended usage were obtained. This approach
fosters a collaborative environment that promotes the effective integration of both the personal insights
of the researcher(s) and the collective insights of discussion groups.

In phase 3, the practice input acquired through structured input sessions revolved around defining and
refining the design criteria for tool development. These design criteria also served as a framework
during the tool validation process.

2.3. The technical thesis
As the research steps executed for this thesis were intertwined with those carried out for the technical
thesis of LST (’MEP LST’), personal research experiences within the academic discipline of biotech-
nology were given a platform to contribute. This integration served to bridge practical experience with
the normative claim supported by the literature throughout the research process of phase 1. Such an
alignment of personal experiences with scholarly perspectives not only enriches the study’s depth but
also contributes to understanding the specific complexities of the case study. This section describes
the technical LST thesis in more detail.

The technical thesis of LST is captured in a project equal to 45 ECTS of work. The project fits in one
of the research groups at the Department of Biotechnology of the TU Delft. Consequently, the thesis
is done by becoming a temporary group member. In the case of this Double Degree, the technical
project had a large focus on laboratory work with microorganisms in the context of industrial appli-
cations, fitting into the research group ’Industrial Microbiology’ (IMB) (Figure 2.2). Members of IMB
include bachelor, master and PhD students, postdocs, experienced technicians, and (assistant) pro-
fessors. Through structured weekly meetings (’Work discussions’), group members stay up-to-date
on all ongoing projects and provide input for new steps. Next to these structured interactions, group
members dynamically meet to discuss ongoing science. However, due to the confidentiality of ongoing
projects, discussions with members outside IMB are limited.

In the first three months of doing both theses for the Double Degree, all work was being done on the
technical thesis of LST. After this, both this thesis and the technical thesis of LST were done part-time.
In this way, the experiences of each were given the opportunity to contribute to the project steps of the
other.
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Figure 2.2: A group picture taken from all members of the ’Industrial Microbiology’ (IMB) research group, Department
of Biotechnology, TU Delft.

Although unusual for LST master theses, the project of the technical thesis of this Double Degree
was not directly connected to an ongoing PhD project. Instead, much personal input was granted in
choosing the research topic and approach. Due to this freedom on topic and approach, requestingmore
individualism, proactivity, and ’zooming out’ to find connections with ongoing research (both within and
outside IMB). By doing so, the project was linked to an ongoing PhD project (and personal coaching)
in a more adjacent manner.

2.3.1. The technical thesis’ contribution to this thesis
The personally developed project contributed to biotechnological developments related to the complex
sustainability problems of food production and climate change, such as sustainable single-cell protein
production and bioethanol production. With this larger picture in mind, the project needed to be demar-
cated strategically.

The personal experiences of discussing how to do this, inherently linked to discussing funding and
publishing goals, contributed to connecting the scholarly literature, theory on reflection, and theoretical
framework to the context of the academic discipline of biotechnology. In other words, the personal
experiences greatly helped to translate the scholarly theory into practical implications, and vice versa.
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This chapter delves into the divergent phase of phase 1, a stage dedicated to exploring the intricacies
of the topic of research by drawing from established scholarly points of view, concepts, and theories.
It employs divergent thinking to navigate the landscape, integrating literature, theory, and contextual
experiences within the context of biotechnology. Practical experiences of the technical biotechnology
thesis play a pivotal role in interpreting theoretical constructs and literary studies and consequently
selecting the views, constructs, and theories used for this thesis.

Importantly, in this phase, the focus is on refining definitions, viewpoints, and theories that will serve as
the foundation for our subsequent research. It is not aimed to directly answer research sub-question 1
at this stage, but rather to lay the groundwork for the convergent phase where these refined concepts
will be applied in the design of the interview approach.

The chapter proceeds by outlining the interpretation and perspective on ’inter- and transdisciplinarity’,
informed by existing literature (Section 3.2). It subsequently elaborates on the chosen standpoint for
defining and analyzing ’holistic’ mindsets.

Continuing the discourse, this chapter interconnects the concept of ’continuous reflection’ with the se-
lected interpretations of ’inter- and transdisciplinarity’ and the ’holistic’ mindset (Section 3.3). It does so
by integrating scholarly theories, literary interpretation, and practical reflections from the biotechnology
technical thesis.

Subsequently, a comprehensive theoretical framework is introduced, tailored to align with the selected
conceptual viewpoints that resonate with the biotechnology context (Section 3.4). This theoretical
framework finds its place within a model for initiating transformative change through reflection, pre-
senting an initial lens through which to approach the overarching research inquiry, answering the main
research question (Q).

Q: How can members of the academic discipline of biotechnology be incited to continuously and
consciously cultivate a more ‘holistic’ mindset suiting inter- and transdisciplinarity?
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3.1. Methods: Literature studies
The methodology selected is motivated by the need to refine the definitions and points of view central
to this thesis. In line with this goal, an explorative literature study has been adopted as the initial di-
vergent approach. This choice arises from the need to translate the scholarly critique of the prevailing
’reductionist’ scientific practice into the prerequisites necessary to fulfill the normative claim that scien-
tists should cultivate a more ’holistic’ perspective on science. An explorative literature study particularly
suits this purpose, as it allows for a comprehensive examination of existing scholarly criticisms, theo-
ries, and concepts related to the topic of a ’holistic’ mindset for inter- and transdisciplinarity.

In the explorative literature search performed to outline the perspective on ’inter- and transdisciplinar-
ity’ (Section 3.2) and ’holistic’ mindsets (Section 3.2.3), the search engines Web of Science and Sco-
pus were utilized. These searches employed combinations of the following terms as search terms:
’transdisciplinary’, ’interdisciplinary’, ’mindset’, ’consciousness’, ’academics’, ’discipline’, ’biotechnol-
ogy’, ’paradigm’, ’sustainability’, and ’complexity’. Appendix A shows the summary of the hits obtained
by combination of search terms. Based on reading the abstract, the selection for inclusion in this liter-
ature overview was based on the following:

• Relative actuality (2000- 2023);

• The fact that inter- and transdisciplinarity was linked to tackling complex issues; and

• The fact that other papers focusing on moving towards inter- and transdisciplinarity cited the work.
The judgment of this focus was evaluated by reading the abstracts of the papers.

In the explorative literature search performed to outline the concept and theory of ’continuous reflection’
(Section 3.3), the search engines Web of Science and Scopus were used. These searches used com-
binations of the following terms as search terms: ’transdisciplinary’, ’interdisciplinary’, ’transformative’,
’reflexivity’ & ’reflection’. Appendix A shows the summary of the hits obtained by combination of search
terms. Based on reading the abstract, the selection for inclusion in this literature overview was based
on the following:

• Relative actuality (2000-2023);

• The fact that reflection was linked to (aspects of) inter- and transdisciplinarity; and

• The fact that other papers focusing on moving towards inter- and transdisciplinarity cited the work.
The judgment of this focus was evaluated by reading the abstracts of the papers.

In the explorative literature search performed to select theories to consider to compose a theoretical
framework (Section 3.4) and place it within a model to initiate transformative change through reflec-
tion (Section 3.4.2), the search engines Web of Science and Scopus were uilized. These searches
employed combinations of the following terms as search terms: ’mindset’, ’constructivism’, ’transdis-
ciplinary’, ’interdisciplinary’, ’contextual’, ’perception’, and ’theory.’ Appendix A shows the summary
of the hits obtained by combination of search terms. Based on reading the abstract, the selection for
inclusion in this literature overview was based on the following:

• Relative actuality (1990-2023); and

• The fact that the theory was linked to (aspects of) inter- and transdisciplinarity;
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When a theory was considered, the decision to include it in a theoretical framework was based on the
following:

• Whether the theory was applicable to analyze how perceptions can be contextual;

• Whether the theory could be combined in a framework that assumed reflection could have an im-
pact on these perceptions, via the theory on reflection that resulted from the explorative literature
search performed to outline the concept and theory of ’continuous reflection’ (Section 3.3); and

• Whether the theory was reported to be possible combined with other theories that resulted from
the literature search.

Summary Section 3.1: Methods: Literature studies
Main take-away:
In order to achieve the objectives of Phase 1 of this thesis, three explorative literature studies
were performed, each with the following focus:

• The first study focused on refining central definitions and viewpoints in the thesis through
an exploration of ’Inter- and Transdisciplinarity’ and ’Holistic’ Mindsets.

• The second study centered on outlining the concept and theory of ’Continuous Reflection,’
a crucial aspect of the research.

• The third study aimed to select relevant theories for the theoretical framework, specifically
focusing on ’Mindset,’ ’Constructivism,’ and ’Contextual Perception’ within the context of
inter- and transdisciplinarity.

Link with Sections 3.2, 3.3 & 3.4:
• The the scholarly views, theories and concepts described in the upcoming sections are
the result of the literature studies described in this section.
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3.2. Inter- and transdisciplinarity and a ’holistic’ mindset
3.2.1. A need for more inter- and transdisciplinarity
Current social issues are characterized by complexity. They comprise a network of ties and interac-
tions of human and nonhuman events, connected to ambiguity, uncertainty, heterogeneity, and con-
tinuous change (Broo, 2022; del Valle García Carreño, 2014; Fonseca Albuquerque Cavalcanti Sigahi
and Sznelwar, 2021). This development has led to an increasing call for innovation in society and
science’s current knowledge production methods (Guimarães et al., 2019). In science, scholars in-
creasingly stress that collaborations planning to solely exchange traditional analyses from ’Cartesian-
reductionist-mechanistic’ perspectives from various disciplinary expertise areas are insufficient (Fon-
seca Albuquerque Cavalcanti Sigahi and Sznelwar, 2021).

Collaboration types defined as inter- and transdisciplinarity are increasingly labeled essential to pro-
duce more tangible and socially robust, or ‘mode 2’ knowledge, that is needed in this context (Augsburg,
2014). The main idea of these collaboration types is that both the organization of knowledge produc-
tion and the output of scientific inquiry trespass the traditional disciplinary boundaries or even scientific
practice itself. When solutions to complex issues are seen as the goal of inter- and transdisciplinary
collaboration, they are recognized as the result of subjective perception of the creating collaborative
group and are therefore recognized as more practical, (yet) ’imperfect’ and are up for continuous im-
provement (Augsburg, 2014; Matthews et al., 2019; Rigolot, 2020).

Within the purview of this thesis, which centers on tackling intricate challenges through a ’holistic’ per-
spective, the pursuit of solutions is also seen as an objective in inter- and transdisciplinary collaboration.
Furthermore, based on the personal collaboration experiences of the technical thesis in biotechnology,
the collaborative ethos is generally output-driven practices. On the basis of this, this thesis considers
the subjective interpretations of biotechnologists of both the solutions themselves and the inter- and
transdisciplinary methodologies employed to attain them to be up for continuous improvement.

3.2.2. A continuum towards inter- and transdisciplinarity

Figure 3.1: A continuum towards inter- and transdisciplinarity. Aspects of inter- and transdisciplinarity as defined by scholars
are positioned on a continuummoving from ’monodisciplinarity’ towards ’strong transdisciplinarity’ (Broo, 2022; Bruhn et al., 2022;
Christensen et al., 2021; Fonseca Albuquerque Cavalcanti Sigahi and Sznelwar, 2021; Guimarães et al., 2019; Horn et al., 2022;
Jacobs and Nienaber, 2011; Klein, 2020; Max-Neef, 2005).
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Despite the increasing call for inter- and transdisciplinary practice from both scientific and socio-political
communities, no consensus has been established to define these types of collaboration. To provide
structure for this thesis, aspects of inter- and transdisciplinarity as defined by scholars are positioned
on a continuum moving from ’monodisciplinary’ towards ’strong transdisciplinarity’ (Figure 3.1). Using
this continuum, the scholarly (normative) claim that scientists need to move towards inter- and transdis-
ciplinarity can be understood as moving from ’monodisciplinarity’ towards ’strong transdisciplinarity’. In
this thesis’ view that inter- and transdisciplinary methodology and output are up for continuous improve-
ment, this continuum is used to represent different steps of progressing upward along the continuum.

Steps of progressing upward along the continuum
Whilst some scholars define the concept ‘interdisciplinary practice’ as scientific inquiry done by aca-
demics stemming from different disciplines with the sole prerequisite that they are actively collaborating
(Christensen et al., 2021), others specify an additional prerequisite of ‘integration’ between disciplinary
specific knowledge or perspectives (Christensen et al., 2021; Guimarães et al., 2019; Horn et al., 2022).
Current conceptualizations of ’transdisciplinarity’ include focusing on ”coordination between all (disci-
plines and sub-disciplines as) hierarchical levels”, “co-creation of knowledge and co-design of actions
with social (non-academic) actors”, and approaches that are mutually affective for collaborating partici-
pants, uncovering the different underlying aspects such as assumptions and values (Christensen et al.,
2021; Fonseca Albuquerque Cavalcanti Sigahi and Sznelwar, 2021; Jacobs and Nienaber, 2011).

In the context of reaching a new view of science, some scholars take their conceptualization of ’trans-
disciplinarity’ even one step further by highlighting the acceptance of different realms of reality instead
of the traditional scientific perspective of positivism (Broo, 2022; Bruhn et al., 2022; Jacobs and Nien-
aber, 2011; Max-Neef, 2005). The well-recognized work of Max-Neef (2005) illustrates this clearly by
defining ‘strong transdisciplinarity’ as:

“…more than a new discipline or super-discipline is, actually, a different manner of seeing the world,
more systemic and more holistic.” (Max-Neef, 2005)

In order to achieve this, new types of logic that fit societal complexity need to be accessed:

“A bipolar perception, a dynamic tension between opposites. A yin and yang, as suggested by
Taoism, in which the yin is analogous to relational thought and the yang to rational thought. In other
words, a logic capable of harmonizing reason with intuition and feeling…” (Max-Neef, 2005)

The terms inter- and transdisciplinarity are flexibly used
The concepts of ‘inter- and transdisciplinarity’ are relatively flexibly used in current scientific work,
thereby complicating defining the step of progress and respective mindset suiting each. Compared to
the concept of ‘interdisciplinarity’, the concept of ‘transdisciplinarity’ is more often linked to effectively
dealing with complex research problems and ”transcending the narrow scope of disciplinary world-
views” (Broo, 2022; Klein, 2020). However, only using transdisciplinary-focused studies to evaluate
transdisciplinarity would lead to relevant findings linked to being overlooked. The evaluation work of
an interdisciplinary approach by Christensen et al. (2021) is one example that illustrates this:

“… it is argued that transdisciplinarity is necessary for effective science and societal change, as it
can help uncover underlying assumptions in research and practice and developmethodologies for work-
ing with uncertainties and disputed values. We, however, argue that this is exactly what we achieved
through our interdisciplinary research process, where we truly met each other with curiosity and respect,
without losing our anchoring in our respective scientific disciplines.” (Christensen et al., 2021)

In literature, conceptualizations such as the one of ‘strong transdisciplinarity’ of Max-Neef are often com-
plemented by approach-focused definitions of ’inter- and transdisciplinarity’ and approaches related to
it. On the other hand, work with approach-focused conceptualizations often does not (yet) specify the
acceptance or refusal of multiple realities in the scientific world.
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Recognizing the multifaceted nature of the concepts of ’interdisciplinarity’ and ’transdisciplinarity’, it
becomes evident that relying solely on one or the other may not fully encapsulate the diverse per-
spectives of (biotechnology) participants of a social science research inquiry. In this thesis, ’inter- and
transdisciplinarity’ refers to an inclusive approach that combines interdisciplinary and transdisciplinary
perspectives. This term provides a neutral framework for assessing participants’ contextual perceptions
and their progression along the continuum.

Inter- and transdisciplinarity connected to problem-based or challenge-based learning
The (scientific) practice of inter- and transdisciplinarity to tackle complex issues is often linked to
problem-based or challenge-based learning (Christensen et al., 2021). This type of learning is seen
as a more ’holistic’ perspective for knowledge creation, motivated by curiosity, creativity, and critical
thinking and doing. Through intensive collaboration, participants elucidate and question the underlying
contextual structures and belief systems. When doing so, reflection can be induced and the idea of the
‘ideal’ collaborative practice can be altered (Savin-Baden, 2014).

Although problem-based and challenge-based learning has been applied to make science and engi-
neering education more based on tackling current societal issues, the difficulties in implementation
and simplification for teaching purposes often make these attempts, again, ’reductionist’ (Fonseca Al-
buquerque Cavalcanti Sigahi and Sznelwar, 2021). As a result, researchers to be are generally not in-
formed about the fact that objectivity and learning in science tackling complexity are context-dependent
instead of permanent (Hein, 1991; Rosendahl et al., 2015).

This nuanced interaction between learning theories and real-world implementation underscores a sig-
nificant gap in general academic understanding of the subjective, context-dependent nature of inter-
and transdisciplinarity. Consequently, researching the contextual influences or personal (contextual)
beliefs of biotechnology participants becomes a complex endeavor. Based on this, it can be stated
that an indirect approach to questioning and data analysis is required: one that is better equipped to
capture the subtle yet substantial influence of contextual factors.

3.2.3. Scholarly views on ’holistic’ mindsets

Figure 3.2: A proposed categorization for views on ’holistic’ mindsets, as described by scholars, positioned along
the continuum towards inter- and transdisciplinarity (Figure 3.1). Categorizations are based on descriptions found via an
explorative literature study (Adolphson, 2004; Benedikter et al., 2010; Broo, 2022; Christensen et al., 2021; Fonseca Albuquerque
Cavalcanti Sigahi and Sznelwar, 2021; Gidley, 2010; Guimarães et al., 2019; Hermes and Rimanoczy, 2018; Horn et al., 2022;
Jacobs and Nienaber, 2011; Kjellberg and O’rourke, 2018; Kudo et al., 2018; Max-Neef, 2005).
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Various scholars have described the mindset change required to make inter- and transdisciplinary col-
laborations effective. This section describes an overview of the descriptions found by performing an
explorative literature study (Section 3.1), and proposes a categorization for views on ’holistic’ mindsets
as described by scholars that can be positioned along the continuum of inter- and transdisciplinarity
(Figure 3.2). Here, it is important to note that these categories are a categorization for views on ’holistic’
mindsets and not rigid definitions of mindsets. A certain mindset as described by someone could fit
into more than one category, again highlighting the flexibility and diversity of perspectives within the
academic discourse.

These categories help connect the continuum of inter- and transdisciplinarity to specific mindsets, show-
ing how a ’holistic’ mindset can influence collaborative practices. As stated earlier, when moving to-
wards inter- and transdisciplinarity, a more ’holistic’ mindset is expected to change collaboration norms
and practices to embrace inter- and transdisciplinarity. Vice versa, an improved inter- and transdis-
ciplinary context can help cultivate or practice a more ’holistic’ mindset (Kudo et al., 2018). Thus, in
essence, these categories help elucidate the interplay between mindsets and collaborative practices
as researchers move towards inter- and transdisciplinarity, aligning with the social constructivism per-
spective of the thesis (Section 1.4).

The following sections elaborate on all three categories and explain their respective positions along
the continuum, providing a deeper understanding of the interaction between mindset and collaborative
practices in the context of moving towards inter- and transdisciplinarity.

Category 1: A mindset for conflicting perspectives, values, and assumptions during collab-
orations
Fitting the conceptualizations of ‘inter- and transdisciplinarity’ as various disciplinary scientists or actors
working together, some scholars describe a more ’holistic’ mindset that facilitates these types of col-
laborations. For example, through a self-reflective learning process within an interdisciplinary group of
scholars, Christensen et al. (2021) aimed to identify challenges of academic interdisciplinary capacities
and ethos. In their results, they refer to ‘a mindset of taking risks’:

“Academic researchers are rightfully held by the public, the academic community and themselves
to be knowledge experts in various respects, but in order to learn new things, it is imperative to con-
tinuously engage in and develop an approach and a mindset of taking risks and put yourself up to
learning anew in and through challenges.” (Christensen et al., 2021)

Via a case study that addressed how a field-based course can contribute to becoming sustainability
experts, Kudo et al. (2018) explained unique learning opportunities to acquire ‘interdisciplinary and
transdisciplinary mindsets’:

“Being interdisciplinary requires researchers to hold multiple disciplinary bases or at least aware-
ness on different ontological and epistemological perspectives when collaborating with others from
different academic backgrounds. Such interdisciplinary-mindset to acknowledge multiple views to
the reality is essential to perform descriptive-analytical skills to examine the complex sustainability chal-
lenges…” (Kudo et al., 2018)

”… The transdisciplinary idea implies a new mindset that goes beyond the academic and non-
academic divide and this requires researchers more efforts than avoiding jargons and rephrasing re-
search outputs. Transdisciplinary-mindset entails an entire package of communication with non-
academic actors from team formation, planning of joint activities, and actual implementation of projects.”
(Kudo et al., 2018)

Focusing on the ability to deal with conflicting disciplinary perspectives, Kjellberg and O’rourke (2018)
and Horn et al. (2022) described the need to develop ‘a playful attitude of mind’, characterized by
intellectual curiosity, flexibility, and the absence of dogmatism and prejudice, to achieve ‘interdisci-
plinary consciousness’, which is:
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“A kind of know-how exhibited by individuals involved in a group process who can actively empathize
with different disciplinary perspectives.” (Horn et al., 2022; Kjellberg and O’rourke, 2018)

In conclusion, the descriptions provided by the scholars described coalesce to form the essence of Cat-
egory 1: A mindset for conflicting perspectives, values, and assumptions during collaborations. These
descriptions focus on cultivating a mindset of intellectual curiosity, flexibility, and empathy that facili-
tates productive interactions in inter- and transdisciplinary contexts. The common thread among them
is an emphasis on being open to, aware of, and responsive to existing and well-known conflicting per-
spectives, values, and assumptions. Based on this, this category is positioned at a relative ’disciplinary’
step, where researchers engage with multiple disciplinary bases and work actively to empathize with
different perspectives.

Category 2: A mindset that recognizes embeddedness to achieve more ethical solutions to
complex issues
In the context of solving complex societal issues, some scholars have described the mindsets required
not only to facilitate inter- and transdisciplinary collaborations, but also to optimize the chances of (sci-
entific) innovation results that are ’ethically most correct’ when evaluated with a broadened worldview
(Fonseca Albuquerque Cavalcanti Sigahi and Sznelwar, 2021; Guimarães et al., 2019). For example,
Hermes and Rimanoczy (2018) focused on education tools to develop a ‘sustainability mindset’:

“The combination of the elements was called ‘sustainability mindset’, defined as a way of think-
ing and being that results from a broad understanding of the ecosystem’s manifestations, from social
sensitivity, as well as an introspective focus on one’s personal values and higher self, and finds its
expression in actions for the greater good of the whole.” (Hermes and Rimanoczy, 2018)

Adolphson (2004) examines a similar ‘shift in mindset’ by evaluating the ‘biophysical approach’ as
a new framework for economic thinking:

“The biophysical approach to economics also supports the notion that an economic system is
embedded in a social system. The biophysical approach considers the complete scope of work done
for the economic well-being of humans and recognizes that some of that work takes place in nature’s
economy, independent of human interaction…” (Adolphson, 2004)

”… The new ethical landscape requires a greater sense of responsibility from market participants,
consumers as well as producers. The reward for assuming the additional ethical responsibility is that
choices made are more consistent with long-term well-being.” (Adolphson, 2004)

In the context of the development of cyber-physical systems as solutions for current societal challenges,
Broo (2022) proposes a combination of three mindsets to be able to ‘ask the right questions at the right
time’ during transdisciplinary work for a human-centred and sustainable future:

“A systemsmindset replaces reductionism – the belief that everything can be reduced to individual
parts – with expansionism – the belief that a system is always a subsystem of some larger system –,
and analysis – gaining knowledge of the system by understanding its parts – with synthesis – explain-
ing its role in the larger system of which it is a part. Systems mindset, therefore, requires a shift from
disconnections to interconnectedness, from linear to a circular way of thinking, from silos to emergence,
from parts to wholes, and from isolation to relationships…” (Broo, 2022)

”A futuristic mindset uses scenario planning as a tool to carefully craft scenarios that could be im-
portant elements in the governance of innovation processes and allows stakeholders to adopt tools for
bringing foresight abilities into organizations. These scenarios are considered to be a useful analytical
tool for a better understanding of the change as well as the production and distribution of knowledge
on change. This is extremely helpful for studying sustainability and complexity and for getting prepared
for radical changes…” (Broo, 2022)
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”A design mindset emphasizes observation, collaboration, fast learning, visualization of ideas,
rapid concept prototyping, and con-current business analysis, which ultimately influences innovation.
This attitude primarily concentrates on understanding the needs and experiences of the user (instead of
hypothetical system requirements) as a source of inspiration and insight. Design thinkers have proven
to be more innovative because the design mindset is not problem-focused, it is solution-focused and
action- oriented towards creating a preferred future.” (Broo, 2022)

In summary, the descriptions offered by the scholars fit in the essence of Category 2: A mindset that
recognizes embeddedness to achieve more ethical solutions to complex issues. Within this category,
the emphasis is on recognizing the interconnectedness of systems, fostering coordination among di-
verse hierarchical levels, and expanding boundaries to involve nonacademic actors in ethical decision-
making. The mindsets described in this category resonate with the notion of ’weak transdisciplinarity,’
where a broader perspective encompassing various disciplinary and sub-disciplinary elements is es-
sential for addressing complex societal issues ethically.

Category 3: A mindset that acknowledges multiple levels of reality to achieve more ethical
solutions to complex issues
In line with the ’strong transdisciplinarity’ as conceptualized byMax-Neef (2005), some literature touches
on how to facilitate the acknowledgement of different realms of reality. When doing so, the current trend
towards more inter- and transdisciplinarity is often related at a meta-level to ‘a way of being’, and de-
fined as the next step in the continuous ‘evolution of consciousness’ of individuals (Benedikter et al.,
2010; da Costa, 2022; Frödin, 2017; Gidley, 2010; Horn et al., 2022; Max-Neef, 2005; Rigolot, 2020).
This next step implies that “we are becoming conscious of our evolution and responsible for co-creating
it” (Gidley, 2010). In other words, different realms of reality can be subjectively experienced via differ-
ent states of consciousness.

Up until now, this meta-trend had not received much attention from mainstream academic research
on applied consciousness (research on the brain), decision making, and future studies (Gidley, 2010).
Benedikter et al. (2010) critique this lack of attention. They describe a new way to achieve ’ethics’
based on a continuous search for balance and inclusion of different points of view of consciousness:

“The goal therefore is to more fully appreciate the possible trajectories that lead to these horizons,
and to practically and ethically assess the limits and limitations of our actions at the margins of uncer-
tainty. Such a complete account necessitates integrating philosophical, anthropological, sociological
and theological (i.e., religious as well as ‘‘spiritual’’) perspectives with those of (geno-, nano-, and neuro-
) science, to more fully elucidate the basis of our experiences, cultures, beliefs, and being, and afford
better perspective on the possibilities of the future...” (Benedikter et al., 2010)

”...while inquiries into the nature of being and the issues that arise from this perspective are often
ascribed to the ‘‘most scientifically valid approach’’, it remains equally important to weigh any evidence
on its overall value relative to what makes information ‘‘best’’ for science, healthcare, public policy,
law, society, religion, and human self-understanding and self-determination. We believe that the pur-
suit of such thorough and balanced reflection can be called, in one word, ‘‘ethics’’. Ethics, under the
conditions of the present ‘‘trans-human(ist)’’ cultural and civilization transition will no longer remain a
pre-determined worldview, but will be defined as the search for balance and inclusion.” (Benedikter
et al., 2010)

In order to facilitate this inclusion of different (subjective) realities, scholars describe an even more
’holistic’ mindset or worldview (Gidley, 2010; Jacobs and Nienaber, 2011; Max-Neef, 2005). To illus-
trate, Gidley (2010) proposes that a worldview based on scientific materialism requires a planetary
reframing to reintroduce spaces other than the ones we can physically measure:

“Complex problems require more than piece-meal, fragmented responses and demand a planetary
reframing of human relationships with nature and the cosmos…” (Gidley, 2010)
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”… The modernist worldview based on scientific materialism has colonized conceptual space with
respect to our concepts of space—particularly outer space—by way of its physicalist metaphors drawn
from classical physics. Relevant reframings from postformal, integral, and global/planetary perspec-
tives could reintroduce other notions such as inner space to complement outer space, soul/spiritual
space to complement physical space, and planetization to complement globalization.” (Gidley, 2010)

In conclusion, the descriptions provided in Category 3: A mindset that acknowledges multiple levels of
reality to achieve more ethical solutions to complex issues, align with ’strong transdisciplinarity.’ This
category emphasizes a deep understanding of various realms of reality and their ethical significance.

3.2.4. Conceptualizing the ’mindset’
This section describes varying conceptualizations of the ’mindset’ in general used in the literature and
explains the conceptualization for (’holistic’) mindset used for this thesis.

Conceptualizations of the ’mindset’
Despite the significant amount of research on mindsets, the actual conceptualization of mindset is still
debated and often not made explicit. Evaluating these divergent conceptualizations, French (2016)
proposes a categorization of three broad streams of conceptualizations of mindset (French, 2016):

• “The sum total of the activated cognitive procedures” – from the perspective of the cognitive
psychology stream.

• “A cognitive filter that attends to and influences the totality of cognitive processes with or without
an identifiable task” – from the perspective of social psychology and organizational leadership
stream.

• “An individual or collective belief” – from the perspective of positive psychology.

Conceptualizing the mindset for this thesis
The scholarly descriptions of the more ‘holistic’ mindset signal that the mindset represents something
that steers a normative attitude or behaviour, suiting inter- and transdisciplinarity (Section 3.2.3). Due
to this, the conceptualization of the mindset of this thesis cannot be reduced to a ’value neutral’ descrip-
tion of ’The sum total of the activated cognitive procedures’.

In addition, the normative claim of this thesis states a need for continuous cultivation of a ’holistic’
mindset to initiate change. To achieve this, not only the mindset must be cultivated by meeting new
subjective contexts, but someone’s mindset - the perceived normative attitude or behavior - also needs
to have its influence on the context. Thus, the conceptualization of mindset of this thesis cannot be
reduced to a single filter between cognitive processes that occur inside the mind and the environment
outside of the mind. Therefore, the scholarly descriptions of the ‘holistic’ mindset cannot be aligned
with the second conceptualization of the mindset, implying that the mindset serves as a single filter for
cognitive processes.

However, the mindset as something that steers a normative attitude or behavior can be interpreted as
a contextual perception of one or multiple ‘beliefs’. Based on this, for this thesis, the mindset is con-
ceptualized as ’a collection of individual and collective beliefs’.

This conceptualization of the ’holistic’ mindset is particularly relevant for interview design and data
analysis in qualitative interviews, which will be elaborated on in the next chapter (Chapter 4). In short:
The beliefs expressed when discussing the mindset of participants of the case study consortium in
relation to their (attempts for) inter- and transdisciplinary practices are considered the mindset suiting
inter- and transdisciplinarity according to that participant. Thus, in the data analysis used to answer
research sub-question 1, the collection of the beliefs of an individual deduced from discussing the
mindset suiting inter- and transdisciplinarity will be considered that person’s mindset.
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3.2.5. The Social Identity (Complexity) Theory and theMental Model concept
In this section, the relevance of Social Identity Theory, Social Identity Complexity Theory, and the
concept of mental models is explored in the context of understanding the academic mindset within
the realm of inter- and transdisciplinarity. Through these perspectives, the contextual origins of an
individual’s beliefs or collection of beliefs (referred to as their ”mindset”) can be deduced, and the
cognitive connections between these beliefs and other elements can be examined.

The Social Identity Theory
The Social Identity Theory is a theory about group membership. It is based on the assumption that indi-
viduals can have multiple selves or identities: cognitive constructs of the self, which are fundamentally
relational and self-referential, that answer the question ‘who am I?’ (Korte, 2007). Identities or selves
can be assigned to categories based on the personal perception of the context from which they are
derived. Individuals develop these socially derived or social identities as they interact within certain
groups.

Individuals develop a social identity through the process of categorization in a particular ‘Ingroup’, based
on its prototypes. Prototypes represent attributes that maximize the distinctiveness of a group as a
clearly defined entity (Shelley McKeown et al., 2016). The prototypes of the ’Ingroup’ represent not only
average similarities between members, but also highlight positive and distinctive characteristics of the
‘Ingroup’ in relation to the relevant ’Outgroups’, accompanied by increased self-esteem (Shelley McK-
eown et al., 2016). This often leads to increased bias and stereotyping of the respective ‘Outgroups’.
Moreover, as often not all members of the ’Ingroup’ match all prototypes, additional differentiation of the
’Ingroup’ can be perceived, based on ‘more versus less prototypical members’. When this happens, the
least prototypical members are often relatively uninfluential and sometimes even viewed as deviants
who potentially threaten the group (Abrams, 2010).

Although hypotheses exist claiming that low self-esteem is a motivational factor for ‘Ingroup’ differenti-
ation (and biases), empirical evidence is more consistent with the solely general correlation between
increased self-esteem and ‘Outgroup’ bias (Abrams and Hogg, 1988). Therefore, self-categorization
is mostly seen as ongoing, dynamic, and context-dependent, without clear motivational causality. The
social identity developed is ‘expressed’ through normative behavior in this context (Shelley McKeown
et al., 2016). However, when the context changes, self-categorization can change as well. When this
happens, collective normative behaviors previously seen as positive differentiation of the previous so-
cial identity can be set in a different light.

Analyzing prototypes or indications of distinctiveness expressed when discussing a social identity can
highlight current influences of the context connected to this social identity. Placed in the context of
moving towards inter- and transdisciplinary scientific approaches, such expressions can highlight the
contextual origin of current normativity in behavior that affects this movement. In addition, when the
perceived context of these approaches is changed – for instance, from a ’reductionist’ to a more ’holis-
tic’ perception – self-categorization, and consequently the personal motivation to act a certain way, can
also be changed.

Based on this, Social Identity Theory provides a valuable lens through which to study the contextual
influences on the mindset of biotechnology academics as they navigate the continuum of inter- and
transdisciplinarity. This theory recognizes that biases and positive differentiation stem from specific
beliefs influenced by an individual’s ’Ingroup’ membership, and since this thesis conceives the mindset
as a collection of beliefs, it aligns well with the exploration of how social identities shape individuals’
mindset within the academic context.

Within the context of ’the academic discipline of biotechnology,’ the ’Ingroup’ could take various forms,
such as a specific research group, a consortium of academics, or even a collaborative team of assistant
professors. Similarly, the ’Outgroup’ can encompass different entities, including other research groups,
external consortia, or individuals from outside the academic sphere. Evaluating beliefs of positive dif-
ferentiation for the ’Ingroup’ or biases against the ’Outgroup’ - which are part of one’s mindset - sheds
light on the boundaries of the group or social context that significantly influences this mindset.
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However, as inter and transdisciplinary efforts strive to break down disciplinary boundaries and foster
inclusivity, such efforts come with vague and dynamic boundaries. Therefore, the traditional Social
Identity Theory may have limitations in fully capturing the contextual elements influencing the mindset
and collaboration practices.

The Social Identity Complexity Theory
Most empirical research on social identities and differentiation between groups has been conducted in
the context of a single ‘Ingroup’-‘Outgroup’ categorisation. To acknowledge the idea that people can
have multiple group identities at the same time, Roccas and Brewer (2002) introduced the concept of
‘social identity complexity’:

“A new theoretical construct that refers to the nature of subjective representation of multiple ‘Ingroup’
identities.” (Roccas and Brewer, 2002)

Figure 3.3: An overview of possible subjective representations of the relation between two ’Ingroups’. (Roccas and
Brewer, 2002). The two ’Ingroups’ are depicted in blue and purple. The following different ways in which individuals can
reconcile “competing” prototypes of the ’Ingroups’ for defining their “overall” social identity are shown: Intersection (focus on the
overlap), Dominance (one of the ’Ingroups’ is dominant in the ”overall” social identity), Compartmentalization (the ’Ingroup’ mostly
defining the ”overall” social identity is context and situation specific), and Merger (both non-convergent ’Ingroup’ memberships
are simultaneously recognised and embraced in their most inclusive form).

The term ‘complexity’ in social identity complexity refers to the cognitive process of how a person iden-
tifies with multiple ‘Ingroups’. Roccas and Brewer claim that perceived overlap in members of the
‘Ingroups’ plays a role: In the case of a relatively large perceived overlap, the identification process can
be reduced to only including overlapping memberships, thus maintaining a relatively simple mental
representation of the “overall” social identity. However, as perceived overlap becomes smaller, differ-
entiating between true ’Ingroup’ and more ’Outgroup’ through prototyping becomes more complex. To
cope, Roccas and Brewer suggest different ways in which individuals can reconcile “competing” proto-
types for defining their “overall” social identity (Figure 3.3).
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As explicated, current inter- and transdisciplinary research approaches can be viewed as ‘boundary
work’ between various academic and social disciplines as either ‘Ingroups’ or ‘Outgroups’ (Riesch,
2014). Without this precise categorization, the concept of ‘social identity complexity’ can help explain
the origin of implicit contextual assumptions and beliefs in this ‘boundary work’. For instance, individ-
uals involved in addressing climate change may have distinct ’Ingroups’ compared to members of the
academic discipline of biotechnology. There are hypotheses that state that perceived overlap among
members of the ‘Ingroups’ is negatively related to the inclusiveness of the ’Ingroup’, the number of
members perceived as part of the “overall” social identity that does not have all relevant prototypes
for this “overall” social identity – and tolerance for ‘Outgroups’. However, little empirical research has
been done to verify this (Brewer and Pierce, 2005; Roccas and Brewer, 2002). Regardless, discussing
how different ‘Ingroups’ are reconciled to one mental representation of the “overall” social identity can
offer insights into how the social contexts of these ‘Ingroups’ affect this “overall” social identity, and
the perception of normative behaviors related to it. Thus, the Social Identity Complexity Theory serves
as a valuable lens for evaluating the combined influence of diverse social contexts on the academic
mindset, particularly in the context of inter- and transdisciplinarity.

Why the Social Identity (Complexity) perspective?
The choice of the Social Identity (Complexity) perspective in this section is justified by the need for
an indirect approach to questioning and data analysis. As mentioned in section 3.2.2, researchers
are generally not informed about the note that objectivity and learning in science tackling complexity
are context-dependent instead of permanent (Hein, 1991; Rosendahl et al., 2015). Consequently, re-
searching contextual influences or personal (contextual) beliefs of biotechnology participants requires
an indirect approach to interview question formulation and data analysis. The Social Identity (Complex-
ity) perspective aligns with this requirement, as it can capture the subtle, yet substantial influence of
contextual factors, as it explores the nuanced interaction between individual beliefs, social contexts,
and mindset within the realm of inter- and transdisciplinarity.

Mental models
The ’mental model’ theoretical construct refers to a broader collection of an individual’s beliefs and
cognitive structures used for understanding and interpreting the world (McNeil, 2015). A mental model
encompasses various ideas and schemas that help individuals organize their understanding of spe-
cific concepts or topics, such as the functioning of a biological system or the dynamics of a research
collaboration. These cognitive frameworks incorporate contextual information and shape expectations,
guiding individuals towards contextually appropriate actions.

In contrast, a ’mindset’ is more narrowly conceptualized as a very specific set of beliefs that an individ-
ual holds, reflecting his or her overarching perspective or stance on only particular issues. Mindsets
consist of a focused collection of beliefs and may include attitudes, values, and biases. These beliefs
within a mindset often influence an individual’s decision-making and behavior within that particular con-
text.

In the context of inter- and transdisciplinary research, understanding someone’s mental model offers
valuable insights into how academics employ their cognitive structures to approach complex issues,
considering the social context and shaping their responses in a contextually appropriate manner. Men-
tal models provide a cognitive framework for dealing with specific topics. Mindsets, on the other hand,
represent a narrower set of beliefs within this framework. Examining the overlap and differences be-
tween mental models and mindsets can further deepen our understanding of the contexts that cause
a specific link in the mental model with certain parts of the mindset.

Why the mental model perspective?
As not all beliefs within an individual’s mindset are limited to biases or expressions of positive differenti-
ation, the mental model perspective allows mental models to further elucidate the contextual influences
shaping them. In other words, the broader view offered by mental models provides a more compre-
hensive lens for analyzing the intricacies of how context influences an individual’s cognitive framework
and, in turn, their mindset.
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Summary Section 3.2: Inter- and Transdisciplinarity
Main takeaway:

• Scholars stress the need for more inter- and transdisciplinarity in addressing complex
societal issues.

• The definition of inter- and transdisciplinary collaboration types lacks consensus. This
thesis positions aspects of these collaborations on a continuum from ’monodisciplinarity’
to ’strong transdisciplinarity’ (Figure 3.1).

• Various scholars have described a change in mindset required to make inter- and trans-
disciplinary collaborations effective. Based on an explorative review of the literature, this
thesis proposes the following categorization of ’holistic’ mindsets as described by scholars:

– Category 1: A mindset for conflicting perspectives, values, and assumptions during
collaborations.

– Category 2: A mindset that recognizes embeddedness to achieve more ethical solu-
tions to complex issues.

– Category 3: A mindset that acknowledges multiple levels of reality to achieve more
ethical solutions to complex issues.

These categories help connect the continuum of inter- and transdisciplinarity to specific
mindsets, according to the views of scholars.

• This thesis conceptualizes the mindset as ”a collection of individual and collective beliefs.”

• The proposed view of inter- and transdisciplinarity and categories of ’holistic’ mindsets are
linked to The Social Identity (Complexity) Theory and the concept of Mental Models.

Link with Section 3.3
• The introduced need to more along the continuum towards inter- and transdisciplinarity
whilst cultivating a more ’holistic’ mindset is linked to scholarly views and theories on re-
flection.



3.3. Reflection 27

3.3. Reflection
3.3.1. Reflection to initiate change
The need to acknowledge the contextual influences in inter- and transdisciplinary science and engineer-
ing to solve complex problems has been widely reported in the literature (Popa et al., 2015; Thompson
Klein, 2004). Because of this, the concept of reflection on oneself and on attempts to achieve inter-
and transdisciplinary practice has become increasingly relevant.

Reflection or reflexivity to achieve inter- and transdisciplinarity?

Figure 3.4: A visualization of the way this thesis views the difference between reflection and reflexivity in the context of
inter- and transdisciplinarity.

Similar to the various coexisting descriptions of inter- and transdisciplinarity and mindsets, the actual
interpretation of what type of reflection is required to achieve transdisciplinarity also varies among
scholars. Some literary work defines the reflection required, although not always explicit, as reflexivity.
Reflection as reflexivity is generally mentioned in relation to phenomena considered in science becom-
ing relevant to individuals due to normative commitments, assumptions, and values, instead of through
the ’neutral fact presented’ (Popa et al., 2015). Being reflexive is a skill for scrutiny of such influential
contextual elements, to achieve a more ’holistic’ understanding of the phenomenon studied. It is often
referred to as an ‘ideal quality or skill’ that suitable individuals for inter- and transdisciplinarity possess
(Augsburg, 2014; Godemann, 2008):

“In order to be able to accept and understand other perspectives, reflection is required as to one’s
own perspective.” (Godemann, 2008)

Instead of setting reflection equal to reflexivity, other studies assign the reflection required as a more
general, loosely defined aspect of inter- and transdisciplinarity, focused on evaluating both the process
and the output:

“Generating knowledge was more generally accepted as a process as well as an outcome, as a
way of reflecting on a changing world as well as a well-defined body of content.” (Brown, 2015)

Incorporating these insights, the thesis recognizes reflexivity as a distinct form of reflective practice,
centered on contextual elements such as assumptions and values (Figure 3.4). It should be noted that
while reflexivity emphasizes these aspects, certain other reflective practices, although not universally,
can also uncover contextual elements and foster a more comprehensive mindset.

In this thesis, reflection is defined as ”the ability to reflect on knowledge integration processes and
the ability to take on new ideas” (based on Godemann, 2008). Reflexivity is ”the ability to reflect on
knowledge integration processes, particularly focusing on contextual elements such as assumptions
and values”.
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Reports of reflective practice to achieve inter- and transdisciplinarity
In the context of the development of inter- and transdisciplinary practices, reflective practice and self-
reflexivity have also been applied in grounded work by practitioners and researchers from the life sci-
ences, social sciences and the humanities, including reflection-based intersubjective, participatory, and
subjective approaches (Binder et al., 2015). For instance, Bruhn et al. (2022), proposing that continu-
ous reflection and self-revision can be achieved via connecting unusual views dynamically to existing
networks of academic participants, offer a different approach to learning via reflection: They present an
interactive visualization tool that helps transdisciplinary researchers applying their practice in a context
of sustainability to integrate aspects around mindsets and inner transformation (Bruhn et al., 2022).
The study stresses the requirement of non-normativity in purposes and definitions:

“We do not pursue a clear plan with the platform. Rather, we see it as a catalyst for our research
field creating conditions for further emergence. Simultaneously, these visualizations offer us continu-
ous reflections about our own field as it is emerging.” (Bruhn et al., 2022)

This resonates with the thesis’s perspective, embracing the concept that engaging in reflective practice
serves as a pivotal driver for progressing along the continuum towards inter- and transdisciplinarity
(Section 3.2.2), thereby concurrently cultivating the development of a ’holistic’ mindset.

3.3.2. Theory on learning through reflection

Figure 3.5: Schematic overview of the classification levels or ’loops of learning through reflection in the context of
moving towards inter- and transdisciplinarity.

Reflective practice can be linked to theory on ’learning through reflection’. Learning through reflection
linked to initiating change has been extensively described in the organizational learning literature. Many
conceptualizations define various classification levels or ‘loops’ of learning through reflection (Figure
3.5). Based on the review of Tosey (2011), the classifications of single-, double-, and triple-loop learn-
ing are described.

Reflection in single-loop learning is about:

“…detecting an error and subsequently correcting it without questioning or altering the underlying
variables of the system.” (Tosey et al., 2012)
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It occurs without questioning the underlying influential contextual elements.

Reflection in double-loop learning is about:

“…correcting mismatches by first examining and altering the governing variables, and then the ac-
tions.” (Tosey et al., 2012)

It occurs when certain beliefs and values dependent on the context are questioned, but the system of
the context itself remains the same.

Reflection in triple-loop learning has been conceptualized in three different ways. When defined as:

“Reflexivity about processes of learning at either single- or double-loop levels” (Tosey et al., 2012),

It can be related to the indicated need for reflexivity to achieve inter- and transdisciplinarity. The con-
ceptualization matches the reflection required to cultivate a mindset assigned to the first category of
’holistic’ mindsets as described by scholars: ‘A mindset for conflicting perspectives, values, and as-
sumptions during collaborations’.

A reflection process can be assigned to this conceptualization of triple-loop learning through reflection
when someone modifies their learning strategies based on a (sudden) realization of how contextual el-
ements influence (and limit) learning through reflection of single- or double-loop processes. This could
be achieved by combining insights obtained from single- and double-loop learning through reflection,
performed in different (separate) collaboration contexts. It results in a new understanding that promotes
collaboration by embracing diverse perspectives, values, and assumptions within the learning context.

The second triple-loop learning conceptualization,

“Learning through reflection on a level that is beyond, and considered by proponents to be superior
to, single-loop and double-loop learning in that it concerns underlying purposes and principles” (Tosey
et al., 2012),

Can be connected to the cultivation of a mindset assigned to the second category of ’holistic’ mindsets
as described by scholars: ‘A mindset that recognizes embeddedness to achieve more ethical solutions
to complex issues’. It is about developing new principles or changing the embedded system and its
values and assumptions connected to it.

A reflection process can be assigned to the second conceptualization when someone engages in intro-
spection to uncover fundamental purposes and principles and when it results in a perceptual shift. It
results in new insights that recognize the embeddedness of the system of analysis.

The third and final triple-loop learning conceptualization,

“A change of epistemology, or a corrective change in the system of sets of alternatives from which
choice is made” (Tosey et al., 2012),

Touches upon the meta-trend in the ‘evolution of consciousness’. It is said not to be achieved through
solely conscious, instrumental means, but leaves a role for the unconscious and aesthetic. Therefore,
it can be connected to the cultivation of a mindset assigned to the third category of ’holistic’ mindsets as
described by scholars: ‘A mindset that acknowledges multiple levels of reality to achieve more ethical
solutions to complex issues’, suiting Max-Neef’s conceptualization of ‘strong transdisciplinarity’ (Max-
Neef, 2005). This triple-loop learning conceptualization is often referred to as ‘transformational learning’
(Jones, 2009).
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A reflection process can be assigned to the third conceptualization, where someone undergoes re-
flection that prompts an insight into acknowledging more levels of reality related to solving a complex
issue.

Only via triple-loop learning, a mindset can become (even) more ’holistic’
For this thesis, based on scholarly views on ’holistic’ mindsets, only triple-loop learning through reflec-
tion is linked to a cultivation process of a certain mindset at a certain point in the transition towards
inter- and transdisciplinarity. Thus, via triple-loop learning, a mindset can become (even) more ’holistic’
(Figure 3.5).

Notably, discussions about which ’loops’ should be accessed when learning through reflection are
often normative, implying that achieving single- and double-loop learning is not as good as triple-loop
learning (Roper and Pettit, 2002). As indicated, this thesis also links the cultivation process to make
mindsets more ’holistic’ to reflection in this ’superior loop’. However, this does not imply that single- and
double-loop learning through reflection is not needed for the cultivation process of the mindset suiting
inter- and transdisciplinarity. After all, to properly reflect on a mindset via triple-loop learning, shallow
errors (single-loop) and errors in underlying context-dependent values and beliefs (double-loop) must
be corrected first.

The influence of social context
Also in the development of reflective practice, the social context of participants practicing it has a sig-
nificant influence. While educational experts are increasingly promoting reflection education as an
essential component of academic professional development, effective implementation in curriculum re-
mains a great challenge (van Braak et al., 2022). Although ‘best practices’ are documented, effective
approaches to teaching reflection will always depend on various context-specific goals, strategies, and
situational aspects of students who learn to reflect. Furthermore, despite the increasing acknowledg-
ment of reflective practice in (inter- and transdisciplinary) science, the underlying contextual elements
that affect the perception of ‘scientific reliability’ are barely the focus. Instead, scientists reflect on ‘so-
cial legitimacy’, which is seen as a distinct requirement that must be pursued and often traded against
the decisions made by normative ’objective’ reliability (Popa et al., 2015). Thus, the social context of
scientists (to be) has an under-acknowledged impact on their knowledge generation.

In the context of reflection on the process and the output of scientific practice, the effect of learning
through reflection on an individual is dependent on both personal experiences and professional expe-
riences within research collaboration dynamics on interpersonal, research group, organizational level
and disciplinary level (Frödin, 2017). For self-revision to begin, the presented triggers must be both re-
latable and conflicting with the underlying beliefs and assumptions, triggering the participant to become
aware of new connections related to their personal and professional role and responsibilities within the
larger system (Adolphson, 2004; Hermes and Rimanoczy, 2018; Horn et al., 2022). However, triggers
that are too conflicting with personal beliefs or beliefs shared at influential levels can cause too much
discomfort, causing participants to neglect observed differences (Hermes and Rimanoczy, 2018; Horn
et al., 2022).

For a new view to have its influence in initiating change, both the reflection process and the desired ac-
tion to take must be connected to all levels and the degree of embeddedness of the participant in each
of them (Frödin, 2017; Guimarães et al., 2019). Limiting or supporting characteristics can be identified
for each level, and alterations can be made. When this happens, science can be practiced accord-
ing to the current agreement of guidelines, while participants are supported to be open to new views,
continuously reflect and speak up for further improvements (Broo, 2022). Thus, defining mindsets and
collaborations required via learning through reflection is context-specific and continuously shaped by
participants’ heterogeneity and interactions (Augsburg, 2014).
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3.3.3. The Cognitive Dissonance Theory
The role of creativity and emotions
When evaluating the current revolution towards inter- and transdisciplinarity in collaboration and knowl-
edge creation, literature also suggests a revolution in the praxis of learning through reflection. Our
interpretations of the world, updated through continuous reflection, are often based on rationality and
’reductionism’ (Lozano, 2014). In order to sustain a continuous ’holistic’ improvement of these inter-
pretations, scholars propose that learning through reflection needs to happen via both cognitive and
affective processes, initiated by a certain trigger (Burga et al., 2017; Shrivastava, 2010).

According to Lozano (2014), accepting abstract thinking and creativity in organizational learning (through
loops of reflection) can be useful to regain awareness of more ’holistic’ characteristics. When practicing
this type of thinking, anomalies in phenomena that challenge the current status quo of interpretations
can be recognized (Lozano, 2014). As creativity often involves deep feelings, it can be argued that
individual creativity links ‘synergistically’ the cognitive and the affective. In this way, rationality and
science meet emotions and art (Solomon, 2013).

The role of creativity and emotions in reflective practice can also be recognized in some of the ex-
isting scholarly descriptions of the more ‘holistic’ mindset (da Costa, 2022; Hermes and Rimanoczy,
2018; Horn et al., 2022). For example, Horn et al. (2021), when developing a “playful intervention to
stimulate the development of ‘interdisciplinary consciousness’”, found that reflection interventions con-
tributed to enhancing interdisciplinary consciousness by also sparking affective critical reflection (Horn
et al., 2022). Furthermore, in the model suggested by Hermes and Romanoczy (2018) to achieve a
’sustainability mindset’, deep learning is suggested that addresses the learner’s intellect, emotions, and
values (Hermes and Rimanoczy, 2018). In their empirical findings, they describe the importance of ex-
periencing ‘cognitive dissonance’ during the observed sequence of this more ’holistic’ type of learning
through reflection:

“A sequence was also noted that started with realizing the seriousness of certain social or environ-
mental aspects, but not just as distant facts: the leaders reflected on what their personal contribution
was to those problems. This created moments of introspection and revision of their paradigms, with an
emotional experience of cognitive dissonance: they realized that while they were ethical individuals,
their actions (or their organization’s actions) had questionable impacts on stakeholders they never had
thought of. The tension became a stressor, and they spontaneously sought to get into action to ‘repair’
the damage, to address the problems that had become visible for them.” (Hermes and Rimanoczy,
2018)

The Cognitive Dissonance Theory
The Cognitive Dissonance Theory, as described by Festinger (1957), states that when individuals expe-
rience a discrepancy between their beliefs or attitudes and their actions, they are motivated to reduce
this cognitive dissonance. To alleviate the discomfort arising from this inconsistency, individuals can
change their beliefs, modify their actions, or alter their perception of their actions to align with their
existing beliefs.

In the context of learning through reflection, this theory offers a lens to link learning through reflection
to a changed mindset (i.e., a set of beliefs): When an unusual trigger causes individuals to confront
inconsistencies between their existing mindsets or collaborative practices and new perspectives or in-
formation, cognitive dissonancemay arise. This dissonance can act as a catalyst for change, prompting
individuals to reevaluate and adjust their mindset or actions to achieve alignment and reduce discom-
fort.

However, as stated, the cognitive dissonance theory proposes a third outcome: As observed in the
sequence described by Hermes and Rimanoczy (2018), excessive or overwhelming dissonance can
lead individuals to change their perception rather than their beliefs or actions. When this is the case,
no learning through reflection has occurred.
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Summary Section 3.3: Reflection
Main take-away:

• Based on scholarly views, the continuous cultivation of a mindset suiting a ’holistic’ view
of science can be connected to reflection-induced change, by:

– Including general reflective practice on inter- and transdisciplinarity, of which reflex-
ivity is a part.

– Using the theory of single-, double-, and triple-loop learning through reflection. Al-
though reflection needs to happen via all ’loops’, only through triple-loop learning
through reflection can a mindset become more ’holistic’ (Figure 3.3.2).

– Assigning a role of creativity and emotions in the praxis of reflection.
– Recognizing the role of cognitive dissonance as a lens to explain the occurrence, pro-

cesses, and outcomes of reflection in changing mindsets or collaborative practices.

• The development of reflective practice is significantly influenced by the social context of
participants. The effective implementation of reflection education in academic curricula
remains challenging due to context-specific goals, strategies, and situational aspects of
students.

Link with Section 3.4:
• The insights regarding the view on inter- and transdisciplinarity, scholarly (normative)
views on ’holistic’ mindsets, and theory on reflection are processed in a theoretical frame-
work.
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3.4. Theoretical framework
This section presents a comprehensive theoretical framework designed to analyze individual percep-
tions among biotechnology academics, contextual influences, and potential changes therein, facilitated
by types of learning through reflection. The framework serves as the backbone for addressing research
sub-question 1:

Q1: How do contextual perceptions within the academic discipline of biotechnology, as observed in
a case study, influence the development of a more ’holistic’ mindset suiting inter- and transdisciplinary
practices?

At the core of this framework are key theories and concepts that help deduce specific contextual influ-
ences of someone’s mindset. Social Identity Theory and Social Identity Complexity Theory provide
valuable insights into how individuals perceive themselves within specific ’Ingroups’, which in turn in-
fluences their ’social identity’ and the beliefs associated with these groups. These beliefs can manifest
as biases towards ’Outgroups’ and positive differentiation for ’Ingroups’.

Mental models serve as cognitive frameworks that help individuals make sense of their experiences in
relation to inter- and transdisciplinarity. These models contain interconnected beliefs and encompass
both normative beliefs influenced by specific ’Ingroups’ and general beliefs influenced by overall ’social
identity’.

Cognitive Dissonance Theory is central to evaluating the reflection processes in the proposed frame-
work. It is based on the idea that unusual contextual elements serve as triggers that cause cognitive
dissonance. This dissonance can lead to one of three outcomes: a change in perception of inter- and
transdisciplinary practices (a change in perception of actions), a change in the practices themselves (a
change in actions), or a change in mindset (a change in beliefs). Learning through reflection primarily
occurs in the latter two outcomes, particularly emphasizing triple-loop learning for cultivating a more
’holistic’ mindset. Learning through reflection occurs primarily in the latter two outcomes, particularly
emphasizing triple-loop learning to cultivate a more ’holistic’ mindset.

In essence, the theoretical framework is constructed by integrating these theories and concepts. It
enables us to indirectly examine how the contextual influences, ’Ingroup context(s),’ ’contextual refer-
ence(s),’ and ’creative trigger(s)’, indirectly influence an individual’s mindset.

Within this framework, mental models are conceptualized as schematic organizations of ideas related
meaningfully to inter- and transdisciplinarity. Here, a person’s mindset concerning inter- and trans-
disciplinarity is considered a subset of their mental model, comprising a set of interconnected beliefs.
Among these beliefs, some express positive differentiation for ’Ingroups’ or reveal biases towards ’Out-
groups’, whilst some express general, normative beliefs influenced by specific ’Ingroup(s)’ combined
in an overall ’social identity’.

The link between individual identity, social identities and mental models can be explained by the idea
of the self as cognitive schema, which is a sort of implicit identity. This schema contains fixed core
concepts and fluid concepts that allow individuals to adapt their identity according to a social context.
Together with the individual core, social identities can be seen as a social-cognitive schema for norma-
tive behavior within this ’Ingroup’ (Korte, 2007). When relevant in the context of scientific inquiry, these
social cognitive schemas are part of the mental model accessed, providing structure so that ’appropri-
ate’ (normative) actions can be simulated.
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Figure 3.6: Schematic representation of the theoretical framework of this thesis. The framework integrates elements from
Social Identity Theory, the theoretical concept of mental models, learning through reflection, and Cognitive Dissonance Theory,
each depicted in distinct colors. The influence of contextual elements is indicated by dotted lines.

When moving towards inter- and transdisciplinarity, scholars often state that traditional ‘reductionist
mental models’ need to be questioned and evaluated through learning through reflection (Section 3.3.2)
(Lozano, 2014). When single-loop and double-loop learning happens, research practices or contextual
governing variables are reviewed, respectively, whilst maintaining the mental model as is. However,
when triple-loop learning occurs, the mental model is revised (Jones, 2009). Interpreted as reflexivity
in inter- and transdisciplinarity (Section 3.3.1), learning about mental models of different disciplines
and stakeholder groups can give a more ’holistic’ picture of underlying beliefs and social reasoning,
as Otto-Banaszak et al. (2011) argued for understanding different perceptions of stakeholders that are
adapting to climate change. Interpreted from the perspective of the mindset that matches a broad-
ened worldview ensuring that (scientific) innovation outcomes are ‘ethically most correct’, challenging
a mental model can highlight subjective perceptions of simple causal relationships structured in the
assumed independent embedded system. Or, as Adolphson (2004) writes about revision in mental
models needed to get to the ‘biophysical perspective’:

“The appeal of such models is that they are neat and clean and easy to understand. The drawback
is that they do not represent much of what is happening in the real system. The model assumes
simple causal relationships, but in reality we have intricate webs of interacting variables. The model
assumes an independent system, but in reality we have nesting set of subsystems at multiple levels,
with interaction between the subsystems.” (Adolphson, 2004)

3.4.1. A framework to deduce contextual influences
A part of the introduced framework can be used to deduce contextual influences that affect the (devel-
opment of) a more ’holistic’ mindset in the context of inter- and transdisciplinary practices. Contextual
perceptions that influence how participants view their mindset with regard to inter- and transdisciplinar-
ity can be derived through an examination of mental models. These mental models are closely inter-
twined with social identity (complexity) theories, the complexities of the issues being addressed, and
perceptions of current or desired inter- and transdisciplinary approaches.
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Within this framework, beliefs expressed during discussions about the mindset are considered mindset-
specific beliefs. When these beliefs indicate a bias favoring an ’Outgroup’ or expressing positive dif-
ferentiation for an ’Ingroup’, it becomes evident that contextual influences are at play. Moreover, by
exploring how a participant perceives the relationship between two ’Ingroups’ (The Social Identity Com-
plexity Perspective), the ’Ingroups’ impact on all mindset-specific beliefs can be further specified.

To further deduce the influence of identified contextual factors on specific beliefs within the mindset, a
schema connecting all beliefs with beliefs with identified contextual references. Thus, this perspective
allows us to discern the broader impact of contextual influences on mindset-specific beliefs within the
context of inter- and transdisciplinary practices.

3.4.2. A framework shaping a model for initiating change
Building upon the insights gained from the contextual social identity and mental model perspectives,
as well as the observed sequence by Hermes and Romanoczy (2018) in their study on achieving a
’sustainability mindset’ through reflection (Hermes and Rimanoczy, 2018), a model for initiating change
via reflection is proposed in the context of this thesis. This model serves as a theoretical framework
for understanding the process through which reflection-induced change can lead to the development
of ’holistic’ mindsets within interdisciplinary scientific endeavors (Figure 3.7).

Figure 3.7: A Model for Initiating Change via Reflection. This adapted model incorporates elements from Hermes and Ri-
manoczy, 2018 and integrates themwith the contextual social identity andmental model perspectives discussed in this theoretical
framework.

The model’s dynamic sequence captures the intricate interplay between creativity, social identity dy-
namics, mental models, and reflective learning, offering a comprehensive approach to the evolution of
mindsets.
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Step 1: Developing Contextual Awareness
The model begins with the crucial step of developing contextual awareness through creative triggers.
Creative triggers are catalysts that prompt individuals to view their context from different angles, illumi-
nating subjectivity and contextual nuances. These triggers can be artistic expressions, interdisciplinary
collaborations, or unexpected perspectives that challenge ingrained assumptions. Creative triggers
stimulate the exploration of one’s social identity within a broader context, fostering a deeper under-
standing of how personal beliefs and social groups influence perception.

Step 2: Creating Cognitive Dissonance
The model progresses to the step of creating cognitive dissonance. Individuals engage in critical evalu-
ation of their mental models, unraveling assumptions and acknowledging cognitive biases. By creating
cognitive dissonance, individuals pave the way for transformative reflection, enabling them to embrace
alternative viewpoints and recognize the potential limitations of ’reductionist’ thinking.

Step 3: Initiating Change
With increased contextual awareness and experienced cognitive dissonance, the model advances to
the phase of initiating change. Reflective learning becomes the conduit throughwhich individuals bridge
the gap between their existing mindset and the ’holistic’ mindset required for inter- and transdisciplinar-
ity. Focused on this thesis topic, i.e. the cultivation of a ’holistic’ mindset, the change needed is a
change in mindset. Importantly, this evolved mindset is not only individually transformative, but is also
shared within the academic context. By actively promoting and sharing this ’holistic’ mindset, individu-
als create potential new triggers (as in Step 1) for others, thus perpetuating a cycle of transformative
change.

The proposed model, comprising Developing Contextual Awareness through creative triggers, Creating
Cognitive Dissonance, and Initiating Change by cultivating and sharing new mindsets, encapsulates
the intricate interplay of creativity, social identity, mental models, and reflective learning within inter- and
transdisciplinarity. By encompassing these stages, the model offers a holistic framework that guides
the transformation of mindsets (along the continuum of inter- and transdisciplinarity), fostering ’holistic’
and ethically informed approaches to complex problem solving.

In summary, this model represents the view of how contextual influences, such as creative triggers, can
initiate reflection processes that target contextual perceptions. It therefore contributes to answering the
second part of research sub-question 1 by providing a structured framework for designing interviews
aimed at inducing reflection and evaluating how the reflection process can influence the development
of a more ’holistic’ mindset.
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Summary Section 3.4: Theoretical Framework
Main take-away:

• This section introduces a theoretical framework incorporating the Social Identity (Complex-
ity) Theory, the concept of Mental Models, the Cognitive Dissonance Theory and theory
on Learning Through Reflection to analyze individual perceptions, contextual influences,
and changes resulting from reflection triggered by contextual influences.

• This section also presents a model for initiating change through reflection, which is de-
rived from the theoretical framework. This model outlines the dynamic process of devel-
oping contextual awareness, creating cognitive dissonance, and initiating change, offering
a comprehensive approach to the evolution of mindsets in the context of inter- and trans-
disciplinarity.

Link with Chapter 4:
• The insights regarding the view on inter- and transdisciplinarity, scholarly (normative)
views on ’holistic’ mindsets, theory on reflection, together with the composed theoretical
framework are used in the interview design and data analysis to answer research sub-
question 1 (Q1).
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This chapter delves into the convergent phase of Phase 1, a stage dedicated to a systematic convergent
thinking process in which views, constructs, and theories of the divergent thinking stage together with
experiences of the technical LST thesis are utilized for a semi-structured qualitative interview design
with a case study suiting the normative claim to move along the continuum for inter- and transdisciplinar-
ity. Subsequently, data analysis of the interviews held is used to address research sub-question 1 (Q1):

Q1: How do contextual perceptions within the academic discipline of biotechnology, as observed in
a case study, influence the development of a more ’holistic’ mindset suiting inter- and transdisciplinary
practices?

As mentioned, ’The Towards Zero-Emission Biotechnology Consortium’ (the ’ZEB’ consortium) served
as a case study to answer this research sub-question. The consortium participants represented vari-
ous subdisciplines or sections within the Department of Biotechnology at TU Delft. The collaboration
setup of ‘ZEB’ is based on frequent interactions between primary investigators (PIs) and between PhD
students, whom the PIs give direction. In total, nine PIs collaborate with each other. They operate with
two objectives:

1. ‘Trying to convert resources to products, while minimizing emission or maximizing the utilization
of CO2’

2. ‘Initiate and strengthen new strategic lines and harvest cross-section synergy.’

As explained (Section 2.1.2), the consortium exemplifies a group of individuals who make deliberate ef-
forts to progress from disciplinary silos to stronger inter- and transdisciplinary engagement. Research
sub-question 1 (Q1), divided into two specific sub-questions tailored to this case study, is answered in
this chapter:

Q1a: What contextual perceptions influence how research participants of ’The Towards Zero-Emission
Biotechnology Consortium’ view their mindset suiting inter- and transdisciplinary practices?

Q1b: What characteristics can be deduced from the reflection of the research participants in ’The
Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mindset?

The chapter proceeds by outlining how views, constructs, and theories of the divergent thinking stage
together with experiences of the technical LST thesis are captured in an interview design. Then, the
concept of a (’holistic’) mindset is operationalized, and a systematic analysis approach of the interview
data is explained. Finally, the interview findings that answer research sub-question 1 (Q1), specifically
divided into sub-questions Q1a and Q1b, are described and discussed in both the context of method-
ology used and in context of the main research question:

Q: How can members of the academic discipline of biotechnology be incited to continuously and con-
sciously cultivate a more ‘holistic’ mindset suiting inter- and transdisciplinarity?
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4.1. Methodology
As established in chapter 2, the selection of research methodologies for each phase is deliberate and
aligns with the unique nature of the research questions posed. Specifically, research sub-question
1 (Q1a & Q1b) are tailored for qualitative social science research. This tailored approach serves to
elucidate the core of the issue tied to the thesis’s objective, within the specific context of participants
from a biotechnology research consortium (the ’ZEB’ consortium). Through these methodologies, an
intricate comprehension of the subject matter of the thesis is achieved.

4.1.1. Semi-structured interviews
The selection of semi-structured qualitative interviews as the primary research method for this design-
based research phase is rooted in their alignment with the theoretical framework constructed to address
the research sub-questions 1 (Q1).

Q1: How do contextual perceptions within the academic discipline of biotechnology, as observed in
a case study, influence the development of a more ’holistic’ mindset suiting inter- and transdisciplinary
practices?

As introduced (Section 3.4), the theoretical construct ’mental model’ represents a cognitive structure
that individuals form to meaningfully relate a set of ideas obtained through interactions with their envi-
ronment (McNeil, 2015). This construct is shaped by contextual references and personal qualitative in-
terpretations, encapsulating the ’personal mind’ (Reynolds et al., 1996). The choice of semi-structured
interviews is suited to this due to their capacity to systematically evaluate a person’s mental model,
by inquiring about perceptions of the complex challenges addressed by the consortium and the ap-
proaches and mindsets linked to this: By posing consistent questions to each participant concerning
perceptions of the issue tackled by the consortium, the perceptions of inter- and transdisciplinarity, the
participants’ perceptions of their social identity complexity, and their understanding of the relevant mind-
set, semi-structured interviews offer a way to systematically construct a ’mental model representations’
for each participant. These representations mirror the participants’ cognitive arrangements in which
interconnected ideas are endowed with meaning. Importantly, the semi-structured format allows for
follow-up queries, affording the researcher the flexibility to delve deeper into the nuanced relationships
among these interconnected ideas. Therefore, this approach cultivates a comprehensive understand-
ing of participants’ mental models and provides invaluable insights into their contextual perceptions.

Next to the composed theoretical framework, a model for initiating change through reflection was intro-
duced (Section 3.4.2). As explained, this model offers a theoretical foundation for understanding the
transformative process for the cultivation of a more ’holistic’ mindset facilitated by reflection. At its core,
this model emphasizes the systematic examination of participants’ mindsets and other parts of their
mental models, as they are a crucial element in the reflection process. By employing creative triggers,
individuals can initiate reflection and the effect of this reflection can be analyzed methodically using
their original mindsets and mental models as reference points.

Participants & Interview Settings
Seven out of the nine primary investigators (PIs) actively participated in the semi-structured qualitative
interviews conducted for this research. These interviews were organized in settings designed to pro-
mote insightful conversations suitable for elucidating the mental models of the participants.

Physical Interviews: The majority of interviews were conducted in a carefully selected physical set-
ting, specifically chosen to ensure a neutral and comfortable environment for the participants. Physical
interviews were scheduled in advance and held in dedicated rooms within the academic facilities of
TU Delft. These interview spaces were equipped with suitable audio (and video) recording equipment
(using a laptop and Microsoft Teams).

Virtual Interview: One interview was conducted online using Microsoft Teams. Both audio and video
from the online meeting were recorded.
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Duration: Each interview session had a standardized duration, with all interviews lasting approximately
one hour. This consistency in the duration of the interview ensured that each participant had a similar
opportunity to share their perspectives and insights.

Ethical Considerations: To protect the privacy of the participants and minimize the potential risks
associated with the interview process, a data management plan and informed consent forms were
developed. These ethical protocols received formal approval from the Human Research Ethics Com-
mittee of the University of Delft.

Informed Consent: Prior to each interview, participants received detailed information about the pur-
pose of the study, the interview process, and the handling of their data. All participants willingly signed
the informed consent form, highlighting their voluntary participation in the interviews.

Recording and Data Management: With the participants’ explicit approval, interviews were recorded
to capture audio and video, or only audio, based on individual preferences. These recordings were
preserved and later anonymized in the format of interview transcripts to protect the identities of the
participants and ensure confidentiality. All original recordings were securely deleted one month after
the interview completion.

Role of the Interviewer: During the interviews, the interviewer maintained a neutral and nondirective
role. The interview protocol was adhered to, ensuring consistency and enabling a comprehensive
exploration of the perspectives of the participants. To minimize any potential influence on participants’
responses, follow-up questions were posed using open-ended prompts such as ’can you elaborate on
that?’ or ’how so?’. These open-ended inquiries were intentionally used to avoid steering the interview
in any particular direction. The interviewer’s primary aim was to facilitate a comfortable and open
space for participants to express their perceptions and reasoning without any external interference,
thus allowing for an unfiltered capture of their reasoning for the concepts questioned.

4.1.2. Interview protocol
In alignment with the theoretical framework and its central theoretical concept, the mental model, the
interview protocol is structured into three distinct parts, each serving a specific research purpose (Figure
4.1). The complete interview protocol can be found in Appendix B.

Figure 4.1: A schematic overview of the interview protocol used to interview participants of a case study (’The Towards
Zero-Emission Biotechnology Consortium’).

Part 1: Mental model elucidation
The first section of the interview protocol (Part 1) serves to operationalize the theoretical framework,
particularly the concept of the mental model, within the context of the participants’ experiences in ’The
Towards Zero-Emission Biotechnology Consortium’. The objective of this section is to explore the cog-
nitive structure of the participants, which encompasses their perceptions and beliefs concerning the
complex issue they are addressing, their responses to uncertainty /ambiguity, their perspectives
on inter- and transdisciplinarity (collaboration types) in their context, their subjective representations
of specific social groups (social identity complexity), and their mindset (mindset and interconnec-
tions).
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Complex issue: This operationalization process starts by seeking the participant’s perspective on the
issue they are addressing within the consortium. The aim is to understand how participants mentally
structure and interpret the challenges they face.

Response to uncertainty / ambiguity: Then, participants are also invited to articulate their responses
to uncertainty, providing insights into their cognitive processes when confronted with ambiguous or un-
familiar situations, i.e. situations that are common in the context of inter- and transdisciplinary practices.

Collaboration types: In alignment with the theoretical framework (Section 3.4), participants are ques-
tioned about their views on inter- and transdisciplinarity, as depicted on the continuum. They are asked
to what extent they agree with statements grounded in scholarly perspectives (Section 3.2.2). This ap-
proach allows data analysis of this thesis to connect their practical experiences and viewpoints with
theoretical constructs. Subsequent follow-up questions are designed to prompt participants to provide
contextual references and explanations for their views on inter- and transdisciplinarity.

Social identity complexity: To deduce contextual influences originating from specific ’Ingroups,’ par-
ticipants are encouraged to select subjective representations of two ingroups: ’the academic discipline
of biotechnology’ and ’the group aiming to address the issue.’ They are then asked to explain why they
chose these representations. Follow-up questions provide participants with the opportunity to further
specify these abstract ’Ingroups’ and add more, if relevant, to their mental model.

Mindset and interconnections: Since themindset is perceived as an integral component of themental
model, participants are asked to describe their mindsets and elucidate how these mindsets relate to
the topics discussed earlier in the interview. This comprehensive approach helps to evaluate whether
everything discussed, including contextual influences from references or ’Ingroups’, has any bearing
on their mindset.
All-together, this part is instrumental in answering the research sub-question 1a (Q1a).

Q1a: What contextual perceptions influence how research participants of ’The Towards Zero-Emission
Biotechnology Consortium’ view their mindset suiting inter- and transdisciplinary practices?

Part 2: Reflection triggers
The second part of the interview protocol (Part 2) is centered around the concept of triggering reflection
through visual prompts. These prompts are intentionally selected on the basis of personal experiences
of conducting the technical LST thesis.

2 visuals that are unusual for the context of biotechnology: The selection of Visual 1 and Visual 2
as reflection triggers in the interview protocol is grounded in the theoretical framework and scholarly lit-
erature, particularly the model presented by Hermes and Rimanoczy (2018) to achieve a’sustainability
mindset.’ As mentioned above, this model emphasizes ’deep learning,’ which involves addressing the
learner’s intellect, emotions, and values. A key component of this transformative learning process is
the induction of ’cognitive dissonance,’ a phenomenon in which individuals experience a misalignment
or discomfort between their existing perceptions and new information or stimuli.

Given that art is an unusual contextual influence within the academic field of biotechnology, the se-
lected artworks are designed to stimulate the necessary cognitive dissonance without overwhelming
the participants. To ensure the balance, the selected visuals maintain relevance to biotechnology while
introducing elements that challenge participants’ existing perceptions. Here, it is important to note that
the reasons for visual selection are not strict selection criteria but rather aspects of relevance, selected
by the author, a member of the academic discipline of biotechnology.

Based on this reasoning, the inclusion of these visual triggers aims to initiate a reflection process that
aligns with research sub-question 1b:

Q1b: What characteristics can be deduced from the reflection of the research participants in ’The
Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mindset?
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The subsequent descriptions of Visual 1 and Visual 2 provide insight into the relevance assigned to
biotechnology.

Figure 4.2: Visual 1 as the first trigger for Part 2 of the interviews. The visual is composed by combining the artwork ‘Straight
curve’ created by Bridget Riley with the sentence ‘research for a shared future ideal’.

Visual 1 (Figure 4.2) was composed by combining the artwork ‘Straight curve’ created by Bridget Riley
with the sentence ‘research for a shared future ideal’. The artwork was selected as it could be related
to the following research experiences for the technical thesis of the Life Science and Technology (LST)
master:

• Main message versus sub-contexts in information flow: The artwork’s intricate patterns and
curves may symbolize the intricate interplay between overarching biotechnology research ob-
jectives (tackling complexity) and the smaller objectives found in sub-contexts of biotechnology
research groups.

• Working on your own islands: The visual may resonate with the idea of researchers work-
ing independently, each on their unique ’islands’ of expertise, which is a characteristic of many
research endeavors.

• Reduced expert view: The visual can represent the narrowing of one’s perspective when focus-
ing deeply on a particular aspect of research, potentially at the expense of the broader expert
view.

• Setting boundary conditions and controlling the environment within: The visual’s structured
’boxed’ elements could be analogous to the researcher’s task of defining and controlling experi-
mental conditions within the laboratory setting.

• Screening for growth (reversed growth curves): The visual’s curves might prompt considera-
tions of growth curves, which are often used in biological research to monitor the growth of cells
or organisms.
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• Repetitive work in the lab: The repetitive nature of the visual’s elements can parallel the repet-
itive tasks and experiments commonly encountered in laboratory work.

• Being dependent on visualizing equipment and software to study cells (Optical illusion):
The visual’s potential optical illusion aspect could symbolize the reliance on advanced equipment
and visualization techniques to study cells and biological phenomena.

Figure 4.3: Visual 2 as the second trigger for Part 2 of the interviews. The visual is composed by combining the artwork
‘Laboratory life’ created by Suzanne Anker with the sentence ‘responsibility and expertise for the ecosystem’.

Visual 2 (Figure 4.3) was composed by combining the artwork ‘Laboratory life’ created by Suzanne
Anker with the sentence ‘responsibility and expertise for the ecosystem’. The artwork was selected as
it could be related to the following research experiences for the technical thesis of the Life Science and
Technology (LST) master:

• Controlled versus uncontrolled environmental conditions: The visual may evoke contem-
plation about the controlled and artificial laboratory environments in contrast to the complex and
often uncontrolled conditions of the natural ecosystem.

• Aesthetics of nature versus development to protect nature: It can prompt considerations
about the balance between appreciating the aesthetics of the natural world and the need for
nonaesthetic scientific research and development to protect and preserve the ecosystem.

• Fundamental research versus implementation: The imagery of the artwork may symbolize
the distinction between fundamental research conducted in controlled settings and the practical
implementation of scientific findings to address real-world ecological challenges.

• Being enclosed from society: The visual can evoke thoughts about the sense of enclosure
that researchers sometimes experience when deeply immersed in laboratory work, potentially
isolated from broader societal concerns.

Reflecting on Part 1: After presenting the participants with the two visuals that are unconventional
in their professional context, participants are then asked to re-evaluate their mental models, including
their mindset, considering the impact of these triggers. Specifically, they are asked to assess whether
their perceptions of the concepts previously explored in Part 1 have evolved or changed.
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Part 3: Meta-reflection
Reflecting on Part 2: The third part of the interviews is designed to initiate meta-reflection by asking
participants if they experienced any form of reflection during Part 2. Specifically, participants are asked
whether their reflection was triggered by the artworks presented in Part 2 or by the emotions evoked
when viewing those artworks. Depending on the participants’ responses, follow-up questions are posed
to explore the reasons behind the occurrence or absence of reflection.

Reflecting on general reflection possibilities in the context of biotechnology: At the end of the
interview, general questions are introduced to investigate contextual factors that typically influence the
occurrence of reflection within the academic discipline of biotechnology. These inquiries aim to identify
the contextual characteristics within the ’academic discipline of biotechnology’ that either facilitate or
hinder the type of reflection observed or not observed in the earlier parts of the interview.

Together with Part 2, this section addresses research sub-question 1b (Q1b):

Q1b: What characteristics can be deduced from the reflection of the research participants in ’The
Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mindset?

4.1.3. Data analysis
This section describes the systematic analysis of the data of the transcripts of semi-structured qual-
itative interviews. All interview transcripts and the applied first cycle coding are accessible via this
hyperlink.

First cycle coding
With the use of the software ATLAS.ti, interview transcripts were initially coded with in vivo, concept,
emotion, magnitude, attribute and values coding. Here, values codes were subdivided into beliefs
(B), values (V), and attitudes (A) and annotated whether being expressed explicitly or implicitly. As
summarized in Appendix C, attribute and magnitude coding was done systematically.

Second cycle coding to answer research sub-question 1a
As explained, Part 1 of the interviews seeks to understand the contextual perceptions that influence
how research participants view their mindset concerning inter- and transdisciplinary practices. To an-
swer research sub-question 1a (Q1a),

Q1a: What contextual perceptions influence how research participants of ’The Towards Zero-Emission
Biotechnology Consortium’ view their mindset suiting inter- and transdisciplinary practices?,

second cycle coding in the mapping format was applied to generate representations of the participants’
mental models concerning the concepts discussed (’mental model elucidation’). Via this mapping
process, the contexts (un)consciously referenced during the participants’ reasoning become visible. In
a second mapping process, the participants’ perceptions on inter- and transdisciplinarity (for which
they described a suitable mindset) were categorized based on their response to the collaboration state-
ments given. Then, based on the participants’ answers on how they envisioned the social identity
complexity of the two social groups ’the academic discipline of biotechnology’ and ’the group trying to
tackle the issue’, contextual influences shaping a part of their mental model were deduced (’deducing
contextual influences’. Finally, based on the participants’ descriptions of their mindset to suit their
collaborative practice, beliefs were assigned to be mindset specific or non-mindset specific, and, if
possible, assigned to one of the proposed categories for ’holistic’ mindsets as described by scholars
(Section 3.2.3).

1) Mental model elucidation: In research that examines or elucidates mental models, it is generally
assumed that actual mental models are inaccessible to the researcher (McNeil, 2015). However, repre-
sentations of mental models or ‘expressed mental models’ can be made. ‘Fuzzy cognitive mapping’, a
type of concept mapping, can be used to construct such representations (Barbrook-Johnson and Penn,
2022; Elpiniki I. Papageorgiou, 2014).

https://data.mendeley.com/datasets/22jv8j5rx5/1
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Fuzzy cognitive maps are “networks of factors and their causal connections” (Figure 4.4). They are es-
pecially suitable in participatory, collaborative contexts to capture amental model of a system (Barbrook-
Johnson and Penn, 2022). Fuzzy cognitive mapping has been used in literature with a great variety of
concepts mapped and mapping procedures, providing flexibility for this research of inter- and transdis-
ciplinary mindset, but also respective disadvantages such as difficulties in comparing the findings with
the literature (Elpiniki I. Papageorgiou, 2014).

Figure 4.4: An example of a Fuzzy Cognitive Map. Green and red arrows represent positive and negative causal relationships,
respectively.

In line with this, the data analysis of this thesis was based on a (fuzzy cognitive) mapping process:
Using the online software of Miro, in vivo, concept and values codes of Part 1 of each interview were
mapped based on the causal reasoning of each participant. Figure D.2 provides a summary of this sys-
tematic fuzzy cognitive mapping process. The following is a description of each step of the mapping
process.

1a) Theming code groups and causal relations in reasoning: Interview transcript codes from var-
ious sections, including A) the complex issue, B) response to uncertainty/ambiguity, C) collaboration
types, D) social identity complexity, and E) mindset and interconnections (Section 4.1.2), were orga-
nized thematically. These thematic groups emerged during the analysis when rereading the transcripts
and grouping codes that were expressed to have a connection. The causal relationships within these
thematic groups were drawn based on what the participants explicitly mentioned when they described
how one theme influenced or was influenced by another. For example, when a participant spoke about
how his response to uncertainty (B) was influenced by his perceptions of collaboration types (C), a
causal relationship was established. In cases where causal relations were not explicitly mentioned but
were apparent through the reasoning of the participants, dotted lines were used to represent these
relations. Here, it is important to note that the dotted lines were drawn on the basis of the researcher’s
interpretation.

1b) Simplifying: To simplify the map, themes that had fewer than three causal connections to other
themes and isolated feedback loops with only a few reasoning steps were removed. After doing so,
themes with high similarities were merged. This step ensured that the map remained focused on the
most significant and interconnected themes, avoiding unnecessary complexity and redundancy.
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Figure 4.5: An overview of the systematic process for mapping first cycle codes of Part 1 of the interviews to create
a mental model representation in which the variables are positioned on a ’holistic’ (complex system) to ’reductionist’
(reduced system) scale.

1c) Mapping themes on a reductionist to holistic scale based on the reasoning given in A & B:
Themes were then placed on a spectrum ranging from reductionist to holistic based on their alignment
with the participants’ reasoning about A) complex issues and B) responses to uncertainty/ambiguity.
The positioning of themes was made by the researcher based on the interpretation of participants’ ex-
planations, with the following reasoning: the themes were positioned based on the explicit reasoning
of participants regarding the bigger problem and ways to tackle it versus the smaller, more concretely
described subproblems and ways to address them, as well as any related aspects. In this context, the
bigger problem was considered the most holistic, whereas the smaller, more concretely defined prob-
lems were considered more reductionistic. To compare the positioning of themes between different
participants, the researcher analyzed the themes’ commonalities. When determining the position of
themes on the spectrum, direct quotes are used to provide transparency and allow readers to evaluate
the researcher’s judgment.

1d) Closing causal relations in reasoning loops: Finally, dotted lines were used to represent ”obvi-
ous” causal relations in reasoning that could not be explicitly expressed by participants in the interview
transcript. This step helps to ensure that the map accurately reflects the complete causal reasoning
process. Again, it is important to note that these dotted lines were drawn based on the researcher’s
interpretation.

The example presented in Appendix D presents interview transcript segments related to sections A)
the complex issue and B) response to uncertainty/ambiguity, along with the thematically grouped and
mapped codes for only these sections (Step 1a) and the reductionist to holistic reasoning steps derived
from this transcript (Step 1c).
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2) Perception of inter- and transdisciplinarity: Through the experiences of the technical LST thesis,
it has been observed that individuals in the field of biotechnology face difficulty articulating their collab-
orative practices in terms of inter- and transdisciplinarity independently. The purpose of this second
analysis step was to gain deeper insights into participants’ mental models of inter- and transdisciplinar-
ity, specifically by assessing their perceptions through the evaluation of attributes as described by
scholars. These attributes were previously positioned along a continuum, moving upward toward inter-
and transdisciplinarity (Section 3.2.2, Figure 3.1).

Using the software of ATLAS.ti, participants were grouped according to to what extent they agreed with
the inter- and transdisciplinary attributes as suggested by scholars (attribute and magnitude coding),
and both concept and in vivo coding describing their argument. All participants were grouped according
to their level of agreement with the statement itself, as expressed and confirmed in the interview. Con-
cept and in vivo coding were used to map their perception for the current situation and/or for the future
or ideal situation in terms of the amount of collaborations happening in the consortium they based their
(dis)agreement. Appendix D presents an example of this data analysis step.

3) Deducing contextual influences: This step aimed to identify and understand the ’Ingroup con-
text(s)’ affecting specific beliefs expressed and ’contextual reference(s)’ expressed that influence the
participant’s mental model. These contextual references are related to the social identity complexity
and mental model components of this thesis’ theoretical framework and are deduced through an exam-
ination of participants’ chosen subjective representations regarding the relationship between two key
’Ingroups’, ’the academic discipline of biotechnology’ and ’the group trying to tackle the issue’.

The goal here is to understand how these contextual influences impact the mental models of the par-
ticipants, which were previously placed on a scale from reductionist to holistic in Step 1. This analysis
relied on attribute coding for the categorization of chosen subjective representations and on in vivo
coding to elucidate the underlying explanations.

To interpret these contextual influences, the reasoning steps articulated by the participants in sections
A) and B), which had guided the positioning of themes on the reductionist to holistic scale in Step 1,
were referred to. While the researcher’s interpretation plays a role in this analysis step, it is grounded
in the in vivo codes extracted from the participants’ responses. For transparency, direct quotes are
included when presenting findings in this thesis.

The example presented in Appendix D presents interview transcript segments related to section D) So-
cial identity complexity, and the contextual elements that were deduced from this and linked to holistic
to reductionist reasoning steps derived from step 1.

4) Assigning mindset-specific beliefs: This section details the operationalization of a mindset con-
ducive to inter- and transdisciplinarity. This operationalization involves the assignment of mindset-
specific beliefs, contextualized by their representation of biases towards an ’Outgroup’, positive differ-
entiation for an ’Ingroup’, or a clear association with the context. The process is anchored in the social
identity complexity representation chosen by participants and their provided explanations for these rep-
resentations.

Mindset operationalization: As described, the data analysis of the interviews held focuses on an-
alyzing the mindset perceived by the participants as ”a collection of individual and collective beliefs”
(Section 3.2.4). To evaluate contextual influences shaping the mindset, beliefs were assigned to one of
three categories (based on the composed theoretical framework, Section 3.4) - positive differentiation,
bias, and normativity - and the respective ‘Ingroup’, ‘Outgroup’ or general context (Section 4.1.3).

Belief: A belief is conceptualized as amental attitude or state toward a particular proposition (Campbell,
1950), expressed in a particular context. A belief is operationalized according to the following: In
all interview transcriptions, a belief was coded (values coding) each time a participant expressed a
particular proposition in combination with an expressed personal attitude or state towards favoring or
disfavoring this proposition (explicit or implicit).
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Figure 4.6: An overview of the operationalization steps used to define what type of beliefs, expressed in what type
of context (context-specific) are part of the mindset, i.e. ”a collection of individual and collective beliefs” (mindset-
specific). First, all coded beliefs weremade context-specific by assigning them to one of three categories - positive differentiation,
bias or normativity - and the respective ‘Ingroup’, ‘Outgroup’ or general context. From this collection of context-specific beliefs,
beliefs were assigned to be mindset-specific when a clear relation with the mindset as expressed by the participant could be
observed in the systematic data analysis (Section 4.1.3).

Context-specific belief: A context-specific belief that indicates positive differentiation is conceptual-
ized as a belief that indicates how the group present in this social context (’Ingroup’) differentiates
positively from relevant groups not present in this social context (‘Outgroups’). It is operationalized
according to the following: The coded beliefs were evaluated in combination with in vivo and concept
codes of the participant’s verbal expression. The beliefs were subdivided into this type when a positive
differentiation was observed for an ’Ingroup’.

A context-specific belief that indicates a bias is conceptualized as a belief that indicates how a relevant
group that is not present in this social context (‘Outgroup’) negatively differentiates itself from groups
that are present in this social context (‘Ingroups’). It is operationalized according to the following: The
coded beliefs were evaluated in combination with in vivo and concept codes of the participant’s verbal
expression. When a bias for an ‘Outgroup’ was observed, beliefs were subdivided into this type of belief.

A context-specific belief that indicates normativity is conceptualized as a belief perceived as general for
the context in which it is expressed. It is operationalized according to the following: The coded beliefs
were evaluated in combination with in vivo and concept codes of the participant’s verbal expression.
When no positive differentiation for an ‘Ingroup’ or bias for an ‘Outgroup’ was observed, beliefs were
subdivided into this type of belief.

Mindset-specific belief: A mindset-specific belief is conceptualized as a context-specific belief (in-
dicating positive differentiation, bias, or normativity) that the participant acknowledges to be part of or
shape the current mindset of the participant. It is operationalized according to the following: Context-
specific beliefs indicating positive differentiation, bias or normativity assigned to the respective ’Ingroup’,
’Outgroup’, or context were evaluated in combination with in vivo, concept, and (remaining) values
codes that are specific for the interview parts where the mindset was discussed. Beliefs were subdi-
vided into this type when a clear relationship was observed.

This operationalization process culminates in a final second cycle coding data analysis step, as il-
lustrated in Figure 4.7. First, all values codes that were beliefs (both explicit and implicit) were assigned
to one of three categories - positive differentiation, bias and normativity - and the respective ‘Ingroup’,
‘Outgroup’ or general context. From these context-specific beliefs, the beliefs that were a part of the
mindset were deduced from in vivo, concept, and values codes of this mapping that were specific for
the interview parts where the mindset was discussed.

Within this step, the relationships between mindset-specific beliefs and their respective contexts are
examined in connection with the contextual elements derived from Step 3, which focused on the social
identity complexity representation. This approach enables the comprehensive analysis of contextual
factors that influence the participants’ expressions of the mindset conducive to inter- and transdisci-
plinarity.
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Figure 4.7: Overview of the systematic process of 1) assigning values codes that were beliefs to one be context-specific
beliefs based on the social identity (complexity) theory - via positive differentiation, bias and normativity - and 2) as-
signing context-specific beliefs to be mindset-specific or non-mindset-specific. Assigning was done using the themed
code groups and causal relationships in reasoning (step 1, Figure D.2).

Second cycle coding to answer research sub-question 1b
In line with the thesis’s perspective that only triple-loop learning through reflection fosters the develop-
ment of a more ’holistic’ mindset, research sub-question 1b (Q1b),

Q1b: What characteristics can be deduced from the reflection of the research participants in ’The
Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mindset?,

was addressed through a focused analysis. The analysis in this step is first focused on the assessment
of whether participants experienced reflection and if this reflection led to any changes in their mindset.

1. Option 1: No Reflection. This option is assigned when participants expressed that they did not
engage in any reflective processes during their participation.

2. Option 2: Reflection but No Changed Mindset. This category is used when participants ac-
knowledged that they reflected, but this reflection did not result in changes to their existing mind-
set.

3. Option 3: Reflection Causing a Changed Mindset. Participants fall into this category when
their reflections led to alterations in their existing mindset or beliefs.
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Figure 4.8: An overview of the systematic process for mapping first cycle codes specific for Part 2 of the interview on
top of the Fuzzy Cognitive Map in which the variables are positioned on a ’holistic’ (complex system) to ’reductionist’
(reduced system) scale (Figure D.2), and how values codes that were beliefs were assigned to one of three categories
- positive differentiation, bias and normativity - and the respective ‘Ingroup’, ‘Outgroup’ or general context. Assigning
was done using the themed code groups and causal relationships in reasoning (step 1, Figure D.2).

Then, using the online software of Miro, in vivo, concept and value codes and the causal reasoning of
each participant from Part 2 of each interview were mapped on top of the maps of Part 1 (Figure 4.8).
Similarly to the mental model elucidation process to answer research sub-question 1a (Q1a), all values
codes that were beliefs (both explicit and implicit) were assigned to one of three categories, positive
differentiation, bias, and normativity, and the respective ‘Ingroup’, ‘Outgroup’ or general context. Sub-
sequently, the contextual influences on mindset-specific beliefs, both changed and unchanged, were
assessed by examining how these beliefs could be connected to the contextual influences that were
deduced during step 1c), as derived from the comprehensive mapping of participants’ responses in
Part 1 of the interviews (similar to Steps 1 and 3 of the second cycle coding to answer research sub-
question 1a).
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Finally, second cycle coding was used to theme emotions experienced by participants when exposed
to these triggers and their subsequent impact on the reflection process. Other than that, this research
sub-question was addressed by directly examining the ’triple loop learning’ participants’ responses to
the posed question.

Summary Section 4.1: Methodology
Methodology Overview:
Semi-structured interviews followed by a systematic data analysis were chosen as methodology
for the convergent part of Phase 1.

Interview Design:
The interview protocol is divided into three key parts:

• The first part, Mental Model Elucidation, focuses on extracting and categorizing partici-
pants’ beliefs, shaping their mindset.

• The second part, Reflection Triggers, introduces stimuli designed to prompt reflection in
the context of biotechnology.

• The third part, Meta-Reflection, involves probing participants about the potential reflection
process they underwent.

Data Analysis per Interview Part:
• To answer research sub-question 1a (Q1a): Mental Model Elucidation and deducing con-
textual influences of the mindset involve a systematic process of coding and mapping to
do the following with beliefs expressed by participants in the first part of the interview:

– Categorizing them as context-specific and mindset-specific
– Examining their relationships with social identity complexity representations or other

contextual references
– Evaluating these contextual influences in relation to mindset-specific beliefs

• To answer research sub-question 1b (Q1b): Data analysis focuses on the second and third
part of the interview. Based on the second part,

– It employs classifying participants’ reflections into categories ’No Reflection’, ’Reflec-
tion but No Changed Mindset’, or ’Reflection Causing a Changed Mindset’; and

– Categorizing beliefs expressed and deducing their contextual influences in a similar
way to the data analysis process for answering research sub-question 1a (Q1a).

Based on the second and third parts,

– It employs evaluating the emotions experienced by participants during reflection trig-
gers; and

– Analyzing the participant’s answers of directly addressing the reflection processes
they underwent.

Link with Section 4.2:
• The methodologies and interview structure detailed in this chapter form the bedrock of the
findings discussed in the following section.
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4.2. Findings
In this section, the findings relevant to the two research sub-questions (Q1a & Q1b) are presented.
The section starts by describing the fuzzy cognitive maps that visually represent the mental models
of participants concerning inter- and transdisciplinarity in the context of their consortium and how their
mindsets are aligned with these models. These mental models are derived from the systematic second
cycle coding process outlined in Step 1.

Subsequently, qualitative observations are described, comparing participants’ holistic to reductionist
reasoning steps, the contextual influences deduced in Step 3 of the data analysis, and their responses
to various interview questions.

Finally, this section is rounded off by describing the mindset-specific beliefs found and the contextual
influences that affect them.

The section then transitions to the findings relevant to addressing research sub-question 1b. In this
part, the reflection processes experienced by all participants are described and categorized into three
distinct options: No Reflection, Reflection but No ChangedMindset, and Reflection Causing a Changed
Mindset. Then, the emotions expressed by the participants when encountering triggers are described.
Finally, the contextual influences found that either facilitate or hinder the reflection process are de-
scribed, as reported by participants for whom it was observed that after reflection, different contextual
influences affected their beliefs or actions.

4.2.1. Research sub-question 1a
Fuzzy cognitive maps representing the participants’ mental models
Via Fuzzy CognitiveMapping (Section 4.1.3), individual mental models of participants were represented.
When doing so, variables were mapped on the same ’holistic’ (complex system) to ’reductionist’ (re-
duced system) scale as the steps for tackling the issue that was indicated by each participant (Figure
4.16). ’Ingroups’ or contexts and beliefs that are part of the mindset were deduced. This section intro-
duces all representations of the individual mental models of all participants. Each time, the main causal
reasoning and the role of mindset are summarized, as described by the participant.

Participant 1 (Figure 4.9) acknowledged that the complex issue was big and urgent. As many peo-
ple are concerned about the problem, more scientists with expertise will be able to investigate various
potential solutions proposed in society. Collaborations between sections of ’ZEB’ are considered ex-
tremely effective as they represent many of the potential solutions in the more ’holistic’ system and
more integrated ’holistic’ solutions. Only through expertise can it be decided which integrated solutions
will work: a success or a breakthrough. To implement solutions and make a positive impact, scientists
need to explain to all people concerned with the problem what the right approach is.

Participant 1 described the mindset as:

“A set of ideas and opinions. The… That you can express to other peers and you feel aligned with
what their… On what their set of ideas and opinions is.”

Connected to the mental model, the mindset described represents all beliefs that indicate that the
issue is an urgency that must be solved through expertise, specifically the collaborations between the
sections of ’ZEB’.
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Figure 4.9: Mental model representation of participant 1 (deduced from Part 1 of the interviews). The representation
was constructed via Fuzzy Cognitive mapping of in vivo, concept and values codes (Section 4.1.3). Variables (stated in yellow
squares) are positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced, embedded system) scale according to rea-
soning steps depicted in Figure 4.16, and connected the contexts depicted in Figure 4.17. Arrows with green ’+ signs’ and red ’-
signs’ represent positive and negative causal relations between the variables, respectively.

Participant 2 (Figure 4.10) described the complex issue as a general increase 𝐶𝑂2 in the atmosphere.
To tackle it, all perspectives on solutions of the people concerned by the problem are required. The
work of academics with expertise matters as it represents a smaller diversity of (integrated) solutions.
In this model, interactions with the more diverse group active in, the more ’holistic’, complex step, are
essential to solve it, but not happening at the moment.

Participant 2 described the mindset as:

“The framework that you use to put things that happen in your surroundings, kind of, in a certain
perspective.”

Connected to the mental model, the mindset described represents a collection of all beliefs that were
indicated to influence the participant’s viewpoint on the uncertainty to deal with the problem. This point
of view is placed on a positive to negative spectrum. The work of academics makes the viewpoint more
positive, whereas the bigger diversity in the more ’holistic’, complex system makes it more negative.
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Figure 4.10: Mental model representation of participant 2 (deduced from Part 1 of the interviews). The representation was
constructed via Fuzzy Cognitive Mapping of in vivo, concept and values codes (Section 4.1.3). Variables (stated in red squares)
are positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced, embedded system) scale according to reasoning steps
depicted in Figure 4.16, and connected the contexts depicted in Figure 4.17. Arrows with green ’+ signs’ and red ’- signs’
represent positive and negative causal relations between the variables, respectively.

Participant 3 (Figure 4.11) described the issue as the current traditional production processes and
linked the challenge of tackling it to various types of complexity, both of the development and imple-
mentation of technical solutions. In this model, technically educated people concerned with the problem
are equipped to reduce different types of complexity. By collaborating both between and outside the
sections of ‘ZEB’, technical solutions can be rightly integrated to reduce overall complexity. Here, the
perspectives of laypeople further increase the complexity of the development and implementation of
technical solutions.

Participant 3 related mindset to ambition and motivation:

“Actually, [I am a] very motivated person… to develop the technology I’ve been developing… And to
me, that’s part of the solution of the bigger problem. Uh, so my mindset has been always about making
an impact… For society, for research, for science…”

Connected to the mental model, the mindset described represents a collection of all beliefs expressed
in relation to the work of participant 3, in order to have an impact by reducing traditional production
processes.
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Figure 4.11: Mental model representation of participant 3 (deduced from Part 1 of the interviews). The representation
was constructed via Fuzzy Cognitive Mapping of in vivo, concept and values codes (Section 4.1.3). Variables (stated in purple
squares) are positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced, embedded system) scale according to reason-
ing steps depicted in Figure 4.16, and connected to the contexts depicted in Figure 4.17. Arrows with green ’+ signs’ and red ’-
signs’ represent positive and negative causal relations between the variables, respectively.

Participant 4 (Figure 4.12) envisioned the issue as any waste that is put in the environment, along with
the consequences of doing so. The complexity of solving the complex issue is primarily related to the
diversity of approaches in a reduced ’academic discipline of biotechnology’ system. As the industry is
the main group that tries to address the issue, the group has a big say on how approaches to this more
reduced research level will be implemented. Interaction with industry occurs when there is a certainty
of success at the academic level. When this is the case, the uncertainty of the research stops, the
collaborations between the section of ‘ZEB’ are reduced, and concrete deliverables are passed on to
the industry. On the other hand, collaborations between the section of ‘ZEB’ and fundamental research
are essential to achieve a scientific breakthrough.

Participant 4 described the mindset as:

“How you’re thinking about something in a certain point in time.”

Connected to the mental model, the mindset described represents a collection of all beliefs indicating
how participant 4 thought about the appropriate approach to tackle the complex issue at the moment of
the interview. As participant 4 expressed a high certainty of success for the current project, collabora-
tions with industry were considered most relevant. However, participant 4 expressed that for projects
within ‘ZEB’ that are at a different stage, collaborations between sections were the most important.
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Figure 4.12: Mental model representation of participant 4 (deduced from Part 1 of the interviews). The representation
was constructed via Fuzzy Cognitive Mapping of in vivo, concept and values codes (Section 4.1.3). Variables (stated in dark
green squares) are positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced, embedded system) scale according to
reasoning steps depicted in Figure 4.16, and connected the contexts depicted in Figure 4.17. Arrows with green ’+ signs’ and
red ’- signs’ represent positive and negative causal relations between the variables, respectively.

Participant 5 (Figure 4.13) described the issue as waste, harmful gas, and the negative consequences
that are connected to it. Scientific-technological innovations are needed to solve it at a ’holistic’, com-
plex step. Subsequently, collaborations are required to align these innovations with social complexity.
In these higher collaborations, all perspectives should be considered equally important. In so doing,
they need to be integrated into a consistent whole. In this model, the collaborations between the sec-
tions of ‘ZEB’ represent a more reduced, embedded system in the ‘the scientific development of tech-
nical innovations’ system. Here, the strategic setup of the collaborations will result in the integration
of results and the widening of perspectives of the participants of ‘ZEB’. In this scientific and technical
system, widening a technical perspective is especially important, as it will result in more technical per-
spectives that steer technological innovations.

Participant 5 described the mindset as:

“The way you see a given issue, and the… The ways you… The ways you think are necessary to
approach it and solve the issue, right? The mindset related to a particular equation.”

Connected to the mental model, the mindset described represents a collection of all beliefs indicating
the equation of participant 5 to solve this issue, both in the embedded system of ‘ZEB’ or ‘the scientific
development of technical innovations’, and in the more ’holistic’ system.
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Figure 4.13: Mental model representation of participant 5 (deduced from Part 1 of the interviews). The representation
was constructed via Fuzzy Cognitive Mapping of in vivo, concept and values codes (Section 4.1.3). Variables (stated in light
blue squares) are positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced, embedded system) scale according to
reasoning steps depicted in Figure 4.16, and connected the contexts depicted in Figure 4.17. Arrows with green ’+ signs’ and
red ’- signs’ represent positive and negative causal relations between the variables, respectively.

Participant 6 (Figure 4.14) envisioned the issue as ‘emissions’ in general. Reducing emissions is done
through the implementation of ’impactful solutions’ for more sustainable production processes and tech-
nologies. In order to integrate potential solutions so that they encompass entire production processes,
scientific complementary expertise and collaborations at this technical, embedded level are required.
To determine which of these potential solutions can have an impact, a sufficient level of understand-
ing of both this reduced technical level and the more ’holistic’ (‘big picture’) complex system must be
translated into sound analytical assessments. To acquire a sufficient understanding of the ’big picture’,
collaborations are also required at the less-reduced ’implementation’ step.

Participant 6 related the mindset to:

“The way of thinking… It is related to my values and the actions that I can take, based on… The
information that I have from the world in general, scientific and non-scientific.”

Connected to the mental model, the mindset described represents a collection of all beliefs linked to
the main role of participant 6 in ’ZEB’, which was determining which potential solutions can become
’impactful solutions’.
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Figure 4.14: Mental model representation of participant 6 (deduced from Part 1 of the interviews) The representation
was constructed via Fuzzy Cognitive Mapping of in vivo, concept and values codes (Section 4.1.3). Variables (stated in light
green squares) are positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced, embedded system) scale according to
reasoning steps depicted in Figure 4.16, and connected the contexts depicted in Figure 4.17. Arrows with green ’+ signs’ and
red ’- signs’ represent positive and negative causal relations between the variables, respectively.

Participant 7 (Figure 4.15) described the complex issue as 𝐶𝑂2 emissions and the negative conse-
quences associated with it. To solve it, sustainable production processes must be implemented. Within
the embedded system of production processes, current unsustainable production processes inspire
technical people to look for alternatives. In the more reduced applied research system, the number of
perspectives on these alternatives is reduced via analytical (impact) assessments. The project of par-
ticipant 7 within ’ZEB’ offers innovation progress and subsequent information for these assessments.
To progress in this personal project, collaborations need to be searched for with other approaches
that have a logical connection to this approach. Although participant 7 did acknowledge that all those
concerned with the problem in the most ’holistic’ system can also offer perspectives on alternatives,
extreme and unrealistic approaches were indicated to not contribute to innovation progress in the more
reduced system of ‘ZEB’. According to participant 7, social resistance in the more ’holistic’ system can
prevent ’impactful solutions’ for production processes from being implemented.

Participant 7 described the mindset as:

“The way you address the things that you encounter in day-to-day life…Well… And also, the longer
term life, of course. But… How do you respond to situations? What kind of action do you take? How
do you address other people and interact with them?”
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Connected to the mental model, the mindset described represents a collection of the beliefs of all
participants 7 indicating how to respond to perspectives on potential solutions.

Figure 4.15: Mental model representation of participant 7 (deduced from Part 1 of the interviews). The representation
was constructed via Fuzzy Cognitive Mapping of in vivo, concept and values codes (Section 4.1.3). Variables (stated in dark
blue squares) are positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced, embedded system) scale according to
reasoning steps depicted in Figure 4.16, and connected the contexts depicted in Figure 4.17. Arrows with green ’+ signs’ and
red ’- signs’ represent positive and negative causal relations between the variables, respectively.

Elucidating ’holistic’ versus ’reductionist’ steps in the participants reasoning concerning the
consortium’s issue to solve
In this section, various qualitative observations are presented, expanding upon the mental model rep-
resentations introduced previously. These observations encompass a comparison of participants’ rea-
soning, spanning from ’holistic’ to ’reductionist’ steps, the contextual influences deduced in step 3, and
their responses to various interview questions.

As a reminder, the spectrum of ’holistic’ to ’reductionist’ reasoning steps was established based on
the alignment with the participants’ explanations regarding complex issues and responses to uncertain-
ty/ambiguity (Section 4.1.3, Step 1c, Figure 4.16): the steps for tackling the issue indicated by each
participant were positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced system) scale.
These steps represent embedded systems that participants acknowledge when relating the overall is-
sue to the role of the ’academic discipline of biotechnology’ and ‘ZEB’ in solving it. Figure 4.16 shows
these steps in relation to the issue description. To ensure clarity and transparency, the placement
of themes along this spectrum is supported by the researcher’s interpretation and incorporates direct
quotes from the participants’ interviews.
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When discussing the issue for which one of the objectives of the ’ZEB’ consortium is,

‘Trying to convert resources to products, while minimising emission or maximizing the utilisation of
𝐶𝑂2’,

serves as a solution, all participants explicitly expressed the issue to be complex, and various descrip-
tion of the issue were given.

Figure 4.16: The problemdescription and steps for tackling the problem indicated by each participant of ’ZEB’ positioned
on a ’holistic’ (complex system) to ’reductionist’ (reduced system) scale. Problem descriptions are depicted above the scale.
’Actions of the academic discipline of biotechnology’ are situated in the most reduced system. Quotes from each participant
represent the steps between these two systems. The grey area highlights the steps in which the ’ZEB’ has a role, as expressed
by each participant.

It was observed that many of the participants acknowledged the role of (industrial) production systems
(Participants 1, 3 and 7) or the role of transferring research knowledge to industrial partners (participant
4) as an important step. Others referred to the role of technology (Participants 5 and 6).
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Q4: To what extent do you think this issue is complex, or, in other words, that it is intercon-
nected with many things?

Participant 4: ”... And, presently, that wastage is being… Trying to be addressed by the industry,
but… It’s a difficult thing to address, you know… They’re putting energy into it. And, in that context,
we’re putting rather energy into [it] to see if other things can be gained from it. And, hopefully, someone
reaches a conclusion… That’s amicable and works out. Hopefully, for our project, hopefully there’s too
few pairs of terms. We’re chasing the amount waste we’ve done to the environment. There’s the point
of the scheme… So, in interacting with industry. That’s been… The message that we’ve had is that
interaction with industry is an important part of this.”

Notably, only two participants (participants 2 and 5) expressed a more ’holistic’ step(s) in which people
outside of the industry or the technology step had an active role in tackling the issue.

Q4: To what extent do you think this issue is complex, or, in other words, that it is intercon-
nected with many things?

Participant 2: ”Very, very complex. Yes, yeah. I also don’t think there is one solution to it. This has
to be coming from many sides. But, I think… I mean there are a lot of different… It’s… I think it will be
hard to name something that it’s not intertwined with, right? I mean… It’s intertwined with us, like with
our footprint, with our daily lives, with what we eat, with how many children we get, with our welfare,
with… I mean it’s with… How we travel, how we work, and basically everything.”

Q6: How do you generally respond to uncertainties or ambiguity related to an issue?

Participant 5: ”... Honestly, I do believe that developing clean technologies is essential, but not
sufficient. I do think that we need a bigger political and economic change if we need… If we want to
solve this problem.”

For most of the participants, the role of ‘ZEB’ was related to the relatively reduced system ‘the aca-
demic discipline of biotechnology’. However, participants 4 and 6 expressed that transferring research
knowledge into a larger system was also an important part of ‘ZEB’.

Linking steps to ’Ingroups’
This section describes observations after performing step 3 of the data analysis (Section 4.1.3), connec-
tions are established between participants’ reasoning steps positioned along a spectrum from ’holistic’
to ’reductionist’ in Step 1 (Figure 4.16) and their subjective representations of the relationship between
two central social ’Ingroups’— ’the academic discipline of biotechnology’ and ’the group trying to tackle
the issue’.

As indicated, this analytical step aims to elucidate the ’Ingroup contexts’ that impact specific beliefs
and the ’contextual references’ that shape the mental models of the participants (Figure 4.17). These
contextual influences relate to the social identity complexity and mental model components outlined
in the theoretical framework of this thesis. As noted, while this analysis involves some degree of re-
searcher interpretation, it is grounded in in vivo codes extracted from the participants’ responses. To
ensure transparency, direct quotes are given when presenting the findings.

All participants confirmed their membership in both ’Ingroups,’ ’the academic discipline of biotechnology’
and ’the group trying to tackle the issue.’ Furthermore, they unanimously endorsed the notion that
(future) inter- and transdisciplinary practices should align with scholarly attributes captured in the first
two statements given when discussing the collaboration types (Section 4.1.2, Appendix B).

• Collaborations set up for ’ZEB’ do not only happen within disciplines or sub-disciplines.

• Collaborations set up for ’ZEB’ occur betweenmembers from different disciplines, with each mem-
ber analyzing the issue from the perspective of their individual discipline.
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However, for the remaining statements, answers varied among participants, showing inconsistencies
and a lack of alignment with the scholarly continuum (Section 3.2.2). For example, some respondents
agreed with statements higher on the continuum while disagreeing with statements lower on it.

What follows is a description of the qualitative observations made in this context:

Participants with a representation in which ‘the group trying to tackle the issue’ was dominant (partici-
pants 1 and 3) expressed ‘the academic discipline of biotechnology’ to be an embedded group offering
a unique solution, which was not dependent on solutions outside of this ’Ingroup’. For these partici-
pants, both ’Ingroups’ were connected, as the implementation of this solution was carried out by ’the
group trying to tackle the issue’.

Participant 1: ”... at the end, we are tackling a climate change problem that concerns all, the so-
ciety. And, I think biotechnologists are just one part of the society, with some tools to try to resolve it.
But, they are concerned in the same way as the rest of the society.”

Participant 3: ”We have a common problem and ‘[Group] A’ is one part of the possible solution
that is part of the bigger pool of solutions… And that’s how I see it.”

In contrast, participants who chose the subjective representation ’intersection’ (Participants 4, 6 and
7) or ’merger’ (participant 5) expressed that the solutions offered by ‘the academic discipline of biotech-
nology’ depended on the other group. Participants who expressed that, in addition to the system of ‘the
academic discipline of biotechnology’, transferring research knowledge into a wider system was also
an important part of ‘ZEB’ (participants 4 and 6) envisioned the intersection as a means of transferring
this information from ‘the academic discipline of biotechnology’ to the other ’Ingroup’.

Participant 4: ”Yeah, that’s where I’m at. I’m already crossing over into industry. I’m making those
kinds of contacts.”

The remaining participants envisioned the intersection as an overlap in perspectives or expertise be-
tween both ’Ingroups’.

Participant 7: ”I think that there’s substantial overlap between… Well… Belonging to this work
group [‘Group A’] let’s say, and more… [Belonging to] the social purpose group… In that, what I try
to achieve in ‘Group A’ has a strong connection with ‘Group B’. And also, the… Items picked up in
‘[Group] B’… The signals… The commentary picked up in ‘[Group] B’ affects how I act in ‘[Group] A’.
So, there is definitely a mutual benefit, which I think is best represented by having a certain overlap.
On the other hand, there are things in ‘[Group] A’ that are… Yeah… Not necessarily tied to ‘[Group] B’,
and vice versa. So, in that sense, I would not overlap them completely...”

Only participant 2 expressed to see both groups somewhat disconnected from each other, in a ’situa-
tion and context-dependent’ manner:

Participant 2: “In some way, I can see it like this. So, when I’m doing my work, I see myself mainly
as a biologist. And then, the… But, when I’m in the supermarket and I buy organic food… Then, I
don’t do that because I’m a biologist. Maybe, I should even not do it as a biologist, because it also has
disadvantages. But… Then, I’m doing it more from... Well, I try to do something. Everyone should try
something. This is what I try. You never know if what you’re doing is the best or not.”

In line with this, when discussing one of the statements that represented a common attribute of inter-
and transdisciplinarity indicated by scholars – ‘co-creation and co-design with non-academic actors’ –
participant 2 was the only participant who did not agree that this was happening or needed to happen
ideally (Figure 4.18). In this specific reasoning, industrial collaboration partners were seen as members
of ‘the academic discipline of biotechnology’ and therefore disconnected from ‘the group trying to tackle
the issue’.
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Figure 4.17: Contextual influences connected to the steps for tackling the problem indicated by each participant of
’ZEB’ positioned on a ’holistic’ (complex system) to ’reductionist’ (reduced system) scale (Figure 4.16). The subjective
representations represent the relations between the participants’ memberships of two social ’Ingroups’ (‘the academic discipline
of biotechnology’ and ‘the group trying to tackle the issue’), and are based on the Social identity complexity theory (Section
3.4). The ’Ingroups’ or social contexts expressed for each step are represented by the grey area marked in the subjective
representations and quotes.

Figure 4.18: Overview of to what extent participants agreed with the statement ’Collaborations set up for ’ZEB’ result
in co-creation or co-design together with non-academic actors’, and on what they based their argumentation. The
’statement’ scale shows the level of agreement based on magnitude coding (Section 4.1.3); the ’Now’ scale is applicable for
participants that based their argumentation for (dis)agreeing on their perception of current collaborations (attribute coding). The
’Future/Ideal’ scale is applicable for participants that based their argumentation for (dis)agreeing on their expectation for future
collaborations or how they envision ideal collaborations.
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In light of the theoretical lens employed in this thesis, it becomes evident that the participants who
selected ’dominant’ and ’intersection’ representations primarily emphasized industrial or technological
contexts and ’Ingroups’ in shaping their mental models. This preference suggests that these contexts
significantly influence their perspectives on the issue and practices of the consortium.

Conversely, participants who selected ’merger’ and ’context and situation specific’ representations
demonstrated a recognition of the role of individuals outside the realm of technology in addressing
the issue. Through the theoretical framework’s perspective, this implies that ’Ingroups’ or contexts
beyond the boundaries of technology exert influence over their mental models.

Estimated similarity between both ’Ingroups’
To understand how participants looked at the distinctiveness of ‘the academic discipline of biotechnol-
ogy’ in relation to ‘the group trying to tackle the issue’, they were asked to evaluate to what extent both
groups were similar. All participants acknowledged that the second group was much larger and, in that
sense, different from the first group. In addition to this aspect, perceived (dis)similarity varied greatly.

However, when evaluating the answers given in relation to contextual references deduced, it was ob-
served that participants that perceived similarity between both groups (Participants 1 and 4) referred
in their explanation to more ’reductionist’ systems and contexts deduced from their reasoning (Figure
4.19). In contrast, it was observed that participants that perceived dissimilarity between both groups
(Participants 2, 5, 6 and 7) referred in their explanation to more ’holistic’ systems and contexts deduced
from their reasoning. Participant 3, who referred to both, was not sure how to answer.

Participant 3: “As I said, like… Then group… This problem would be the same as [for] ‘Group A’
[‘the academic discipline of biotechnology’], so in that sense, it’s similar. But then ‘Group A’ would use
a biotechnology approach to [solve] the problem.”

Participants 5 and 2, who both articulated that ’the academic discipline of biotechnology’ and ’the group
trying to tackle the issue’ were dissimilar, consistently referred to holistic systems when explaining their
perceptions. This alignment suggests that the contextual influences affecting their mental models, orig-
inating from realms beyond technology or industry, are inherently distinct from their own academic
research context. On the other hand, participants 6 and 7, both selecting the ’intersection’ representa-
tion, also referred to ’holistic’ systems in their explanations. This implies that they acknowledged the
existence of these external contexts, but did not fully integrate them into their reasoning processes for
addressing the consortium’s challenge.

Participant 7: ”Because ‘Group B’ is so much bigger. [It] covers a whole… Well… section of peo-
ple… All of society would be working towards the same goal… At least, all stakeholders there, and…
So, I think they’re very dissimilar...

... And there, I do think that for me, at this moment, ‘Group B’ is too diverse and too broad to
really say there’s an integrated vision, and I weigh all those things equally important [in that]. There
are definitely people that I would associate with ‘Group B’, because we have [a] similar purpose… But,
[people] that are so different in how you would address things that I would say, in that sense, I do not
give equal value to them. Well… Equal value…? I do not give equal credence to their approach.”
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Figure 4.19: Perceived (Dis)similarity and Contextual Influences: This figure showcases the participants’ perceptions of the
similarity between ’the academic discipline of biotechnology’ and ’the group trying to tackle the issue.’ The boxes along the
vertical scale represent the reasoning steps initially introduced in Figure 4.16, which span from ’holistic’ to ’reductionist.’ Color-
coded boxes indicate the contextual references invoked by participants in their explanations, and arrows connect reasoning steps
to these references. Participants are grouped based on whether their perceptions of both ’Ingroups’ were similar, dissimilar, or
whether they were unsure about their perception of (dis)similarity. This visualization provides a summary of how contextual
influences impact participants’ evaluations of (dis)similarity between the ’Ingroups.’

Participants’ response to uncertainty and ambiguity
Given the inherent connection between complex issues and uncertainty as well as ambiguity, partic-
ipants from ’ZEB’ were asked about their general responses to these challenges. In alignment with
the various ’holistic’ to ’reductionist’ steps for addressing the issue expressed by participants (as il-
lustrated in Figure 4.16), the responses of the participants varied depending on the specific contexts
for which these responses were considered appropriate. During fuzzy cognitive mapping analysis,
the researcher observed that participants’ articulated responses to uncertainty and ambiguity could be
broadly classified along an analytical versus a social spectrum (Figure 4.20). The categories ’analyti-
cal response’ and ’social response’ emerged as a result of the data analysis process, where themes
related to responses to uncertainty and ambiguity could be clearly associated with either analytical or
social dimensions. The presentation of these findings on the participants’ responses to uncertainty
and ambiguity is relevant, as it sheds light on the dynamic relationship between individuals’ cognitive
approaches and the contexts in which they operate.

When evaluating the answers given in relation to the deduced ’Ingroup contexts’ that had influence, it
was observed that five participants expressed an analytical response to uncertainty or ambiguity in the
contexts of the more ’reductionist’ steps. In a context related to more ’holistic’ steps and thus larger
’Ingroup contexts’, the only two participants who assigned an active role to people outside of the in-
dustry or technology (participants 2 and 5, Figure 4.16) expressed that they have a social response to
uncertainty and ambiguity.
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Participant 5: “Here, in science, we use the scientific method, and it’s a very precise way to remove
uncertainty, right? But, there’s issues where it… Where you… It’s hard, basically. For instance, in pol-
icy, right? There’s different policies that you can implement, and it boils down to ideology, right? It boils
down to ideas… And different people can see [that] differently. So, that’s another type of uncertainty,
right? And that requires political discussion.”

In contrast, the response to uncertainty or ambiguity of the remaining participants in the more ’holistic’
contexts (participants 4, 6 and 7) was very analytical.

Participant 7: “Of course, when it comes to an implementation… Yeah… Then, you do have to
weigh in, what’s the potential gain versus the potential loss that you make. And, that’s the approach I
would take. And, in that particular case, it’s often just comparing the ’financials’. Of course, you would
like to take a broader perspective than that as well… Also, on the societal and then…What the climate
impact, for example, [is]. But, in the end, for me… Yes, it would be a cost-benefit calculation…”

Thus, the participants who assigned an active role to individuals outside of the industry or technology
and held subjective representations of both ’Ingroups’ categorized as ’context and situation specific’ or
’merger’ expressed to adopt a social response when facing uncertainty and ambiguity in interdisciplinary
contexts.

Figure 4.20: Overview of an emerged categorization of participants’ responses to uncertainty or ambiguity, mapped on
an analytical versus social spectrum (horizontal) and on a vertical ’holistic’ (complex system) to ’reductionist’ (reduced
system) scale indicating steps for tackling the ’holistic’ problem expressed by participants (Figure 4.16). For each partic-
ipant, ’Ingroup contexts’ that were deduced to influence the answer given are indicated in grey in the subjective representations
of the relations between the two social ’Ingroups’ 1) ‘the academic discipline of biotechnology’ and 2) ‘the group trying to tackle
the issue’, based on the Social identity complexity theory (Section 3.4).

When discussing an important aspect of ‘strong transdisciplinarity’ as conceptualized by Max-Neef
(2005) – ‘acknowledging multiple levels of reality, accompanied by different modes of reasoning and
spirituality aspects’ (Section 3.2.2) – participants with an analytical response to uncertainty or ambiguity
in a more ’holistic’ context (participants 4, 6 and 7) also disagreed on the role of spirituality aspects in
the collaboration of ‘ZEB’ (Figure 4.21). Notably, participant 2 agreed that there was a role for spiritu-
ality aspects, but only in terms of intuition, and not in terms of shared feelings.
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Figure 4.21: Overview of to what extent participants agreed with the statement ’Collaborations set up for ’ZEB’ result
in participants acknowledging multiple levels of reality, accompanied by different modes of reasoning and spirituality
aspects such as feeling and intuition’, and on what they based their argumentation. Analysis of the level of agreement
was done by analysing the level of agreement of the following separately: 1) Collaborations result in acknowledging multiple
levels of reality; 2) Acknowledging multiple realities in collaborations is accompanied by different modes of reasoning; 3) Ac-
knowledging multiple realities in collaborations is accompanied by spirituality aspects. For each, the ’statement’ scale shows
the level of agreement based on magnitude coding (Section 4.1.3). The ’Now’ scale is applicable for participants that based
their argumentation for (dis)agreeing on their perception of current collaborations (attribute coding). The ’Future/Ideal’ scale is
applicable for participants that based their argumentation on their expectation for future collaborations or how they envision ideal
collaborations.

Uniqueness of issue description
When participants were asked about the uniqueness of their issue description, five of them indicated
that their descriptions were part of a broader diversity of issue descriptions. To investigate the contexts
in which this perception of diversity was grounded, a fuzzy cognitive mapping approach was employed,
similar to the methodology used to explore participants’ responses to uncertainty and ambiguity. This
approach involved mapping the codes specific to the question of uniqueness against the in vivo and
concept codes used to define the ’holistic’ and subsequent ’reductionist’ steps to address the issue (as
presented in Figure 4.16) and the associated contextual influences (Figure 4.17). Through this map-
ping process, the notion of diversity, as referred to by participants, was linked to specific contexts, as
illustrated in Figure 4.22.

The categorization of ’part of diversity issue descriptions’ and ’general issue description’ was directly
informed by magnitude coding related to Question 5 (Q5): ”Do you think that other people trying to
come up with a solution define the problem the same way as you do?” The coding encompassed three
values: ’high,’ ’medium,’ and ’low’. However, the code ’medium’ was not applied to any of the tran-
scripts.

Notably, the two participants that expressed more ’holistic’ step(s) in which people outside the industry
or technology step had an active role in tackling the issue (participants 2 and 5) referred to the context
linked to these respective ’holistic’ steps when describing the uniqueness of their issue description.
Most of the remaining participants referred to a context linked to more ’reductionist’ steps when de-
scribing the uniqueness of their issue description. Participant 7, however, did introduce a new, more
’holistic’ context when describing the uniqueness of the given issue description, whilst acknowledging
the complications that this context brings:
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Participant 7: “I think there’s a lot of different perspectives you can take… And, that’s also what
you see if you… Well… Go to any random demonstration… Or go to any discussion on what exactly
the problem and the solution is. You will see a lot of difference in both how people state the problem
and in how people state potential solutions for it…

”…So, there’s an entire spectrum of things there… Which is not easy to navigate as well.”

Figure 4.22: Overview of how participants perceived the uniqueness of their issue description, assigned to ’Part of
diversity of issue descriptions’ or ’General issue description’ analysis categories, and mapped on a vertical ’holistic’
(complex system) to ’reductionist’ (reduced system) scale indicating steps for tackling the ’holistic’ problem expressed
by participants (Figure 4.16). For each participant, ’Ingroups’ or contexts linked to the system expressed are indicated in grey
in the subjective representations of the relations between the two social ’Ingroups’ 1) ‘the academic discipline of biotechnology’
and 2) ‘the group trying to tackle the issue’, based on the Social identity complexity theory (Section 3.4).

Mindset-specific beliefs and the contextual influences
Throughout this findings section, the examination of participants’ mental models, their holistic to re-
ductionist reasoning steps, contextual influences and the correlation between responses to various
interview questions has been the focus. Now, an investigation will be conducted to understand how
participants’ mindset-specific beliefs are shaped by contextual influences, addressing research sub-
question 1a.

Linking beliefs to different contextual influences can highlight the difference in meaning between beliefs
that initially seem similar. The different contexts of participants 3 and 5 - academic versus societal -
when expressing the belief ‘(Bio)technology is essential, but not sufficient’ serves as an example to
illustrate this:

Participant 3: “And yeah, I also collaborate with a lot of other people at TU Delft that are not seen
[as the] biotechnology group…”

”…to me, I very much collaborate with ‘[Group] B’ as well. So again, I think it’s very similar to what
I just said. It’s… Biotechnology is a tiny group. I need much more than biotechnologies to be able to
help me develop the technology I’m working on.”
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Participant 5: “Honestly, I do believe that developing clean technologies is essential, but not suffi-
cient. I do think that we need a bigger political and economic change if we need… If we want to solve
this problem.”

For each participant, mindset-specific beliefs expressed in relation to a deduced context (Section 4.1.3)
were listed and categorized into the following categories: a belief indicating positive differentiation of an
‘Ingroup’, a belief indicating bias for an ‘Outgroup’, a general belief relating to normativity expressed in
relation to the specific context (Section 4.1.3, Figure 4.7). Appendix E shows the proportion of mindset-
specific beliefs.

Most mindset-specific beliefs that indicate positive differentiation of an ‘Ingroup’ were expressed
when referring to ’ZEB’ or a subgroup of ’ZEB’ as the ’Ingroup context’. Here, it was observed that the
participants who expressed that the transfer of research knowledge into a wider system was also an
important part of ‘ZEB’ (participants 4 and 6, Figure 4.16), expressed beliefs indicating positive differ-
entiation with a subgroup of ’ZEB’ as the context of the ’Ingroup’: the group involved in their projects.
As explained, these participants envisioned this subgroup as an ’intersecting’ bridge for passing on
knowledge from the ’academic discipline of biotechnology’ to the broader technical implementation so-
cial contexts. Thus, the positive differentiation expressed for this subgroup reveals that these smaller
groups within ’ZEB’ have an influence on how these participants view sharing knowledge outside the
consortium.

Participant 4: ”Because my project is very much at a different stage [compared] to a lot of other
projects. And so because I’m moving forward and that direction quite fast, we’ve already got some very
concrete deliverables on hand...

... And, a lot of people in the ‘ZEB’ sort of things can’t really help me with that… Because of the
nature of the cake… It’s not through not wanting to. It’s just they can’t really do much for me right now.”

Figure 4.23: A schematic representation of the contextual influence of the subgroup of ’ZEB’ for mindset-specific beliefs
of participant 4 and 6 regarding knowledge transfer.

Out of all mindset-specific beliefs expressed, the mindset-specific beliefs indicating a bias were ex-
pressed in relation to an ‘Outgroup’ in a more ’holistic’ system. In line with the observed positive
differentiation of the more embedded subgroup of ’ZEB’, participant 4 also expressed mindset-specific
beliefs indicating biases for ‘Outgroups’ in more reduced systems: ‘members of industry’ and ‘aca-
demics/members of biotechnology’.

Participant 4: ”It’s up to us to show to industry that they can get a return on their investment…
Because that’s what they care about…”
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Only two participants (participants 6 and 7), who perceived ‘the academic discipline of biotechnology’
and ‘the group trying to tackle the issue’ as dissimilar, expressed mindset-specific beliefs related to
preferring rationality over feeling-based approaches. These participants acknowledged the existence
of external contexts outside of the technical environments, but did not fully integrate them into their rea-
soning processes to address the challenge of the consortium. This indicates that for these participants,
contextual influences from inside technical environments have an impact on mindset-specific beliefs
regarding how to use rationality and feelings when tackling complex issues.

Participant 7: ”I think [that] my mindset is rather analytical… Factual… [About] trying to see ‘okay,
these are the facts… This is what we can conclude from it… There’s a problem… Let’s see what we
can do with that’. So, for me, that’s means that the problem as I view it is mostly in the 1st place a
technical one. Which also means that sometimes… Yes… Social resistance towards solutions or to-
wards acknowledging the problem, for me, are… Well… I need to really try to take the other person’s
perspectives there… It’s not a natural perspective for me to sometimes have this kind of commentaries.
So yeah, it’s not so much feeling oriented. It’s rather factual.”

Figure 4.24: A schematic representation of the contextual influence of technical social groups for mindset-specific
beliefs of participant 6 and 7 regarding whether to use rationality and/or feelings to tackle the consortium’s issue.

The mindset-specific beliefs that related to normativity were mostly expressed in relation to the most
’holistic’ system. Participants 5 and 6, who perceived the need to include all perspectives in their
approach, indicated normativity to inclusivity. This aligns with their tendency to acknowledge the ex-
istence of external contexts and diverse perspectives (as discussed earlier). In contrast, participant
7 expressed beliefs indicating normativity to not include all perspectives, which corresponds to their
preference for a more analytical and factual mindset, focusing primarily on technical aspects.

Additionally, in the more reduced ‘academic industrial’ system, the mindset-specific beliefs of partici-
pants 4, 6, and 7 indicated a focus on collaboration outcomes. They emphasized which perspectives
should be included to avoid complications when integrating various points of view into established solu-
tions within the technical environment. This preference for outcome-oriented collaboration aligns with
their inclination toward analytical thinking and suggests that contextual influences within technical en-
vironments shape their mindset-specific beliefs regarding collaboration and problem solving.
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Participant 7: ”The first thing is that in the collaborations that I seek out… They should be logically
connected to the work that I’m doing myself. When it comes to completely other things, I think there’s
people that are much more expert than I am. So, let them do that part. For the rest… It does involve
that I want to check [the following]: Is something the sensible approach to begin with? If you just look
at the technical details, I wouldn’t take an approach that says ‘Well… This feels like it could contribute’.
[Instead], let’s first do some numbers and let’s see if it makes sense to do something before do it…
Yeah…And, that alsomakesme a bit averse, maybe, to sort of the ‘green washing’ type of collaboration,
so to say. Uhmm. Yeah. How would you describe that..? Well… Maybe, I’ll already did [describe it].
Things that look very nice conceptually, but when you look a bit deeper, it’s [like] ‘okay, this is not going
to work because the numbers aren’t checking out’. I would try to avoid that.”

Figure 4.25: A schematic representation of the contextual influence of the technical social context for mindset-specific
beliefs of participant 4, 6 and 7 regarding inclusiveness in collaborations.

4.2.2. Research sub-question 1b
In line with the thesis’s perspective that only triple-loop learning through reflection fosters the develop-
ment of a more ’holistic’ mindset, research sub-question 1b (Q1b),

Q1b: What characteristics can be deduced from the reflection of the research participants in ’The
Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mindset?,

is addressed through a focused analysis. This analysis initially focuses on assessing whether partici-
pants experienced reflection and if this reflection led to any changes in their mindset. Then, emotions
expressed by participants upon encountering triggers are described. Finally, the contextual influences
found that either facilitate or hinder the reflection process are described, as reported by participants
who indicated that their mindset changed due to reflection.

Describing the participants’ reflection processes
In this part, the reflection processes experienced by all participants are described. As indicated, in the
interviews, the artworks represented potential contextual influences for the mental models (and mind-
sets) of the participants. To evaluate how these contextual influences can affect reflection, participants’
reflection processes were assigned to one of three options of type of reaction (No Reflection, Reflection
but No Changed Mindset, and Reflection Causing a Changed Mindset).

Then, participants’ in vivo, concept, and values codes, along with their causal reasoning from Part 2
of each interview, were mapped onto the fuzzy cognitive maps created during Part 1. This process
allowed an assessment of how beliefs could be assigned to one of three categories: positive differen-
tiation, bias, and normativity. These beliefs were associated with respective ’Ingroup’, ’Outgroup’ or
general context, revealing potential new contextual influences on mindset-specific beliefs gained after
reflection.
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Figure 4.26 shows the overview of the type of reaction participants expressed to have for every trigger.
All participants expressed that reflection took place during Part 2 of the interviews. Therefore, none of
the participants were assigned to the ’No Reflection’ option.

Figure 4.26: An overview of the reflection per participant per trigger (Part 2 & 3 of the interviews, Section 4.1.2), indicating
which participants expressed to have had one of three reactions after seeing each trigger. For each trigger, it is indicated
for which participants being exposed to the trigger resulted in ’No Reflection’, ’Reflection but No Changed Mindset’, or ’Reflection
Causing a Changed Mindset’.

Participants Assigned to ’Reflection but No Changed Mindset’ for both triggers
For both triggers, most participants were assigned to the ’Reflection but No Changed Mindset’ option
(participant 1, 2, 3, 4, 5 & 7 for trigger 1, and participant 1, 3, 4, 5 & 6 for trigger 2).

Notably, after seeing trigger 1, participants 4 and 7 expressed previously stated mindset-specific beliefs
in relation to a ’holistic’ system, thereby relating the trigger to more ’holistic’ contextual influences. After
reflecting on these beliefs, they proposed a correction for which actions needed to be taken: ’We should
let the collaboration setup grow organically’ and ‘We need to correct our mindset to this collaborative
environment’.

Interestingly, although the correction of participant 7 focused on the desired mindset to tackle the issue,
participant 7 did not link this correction to the mindset in the reduced context of ’ZEB’, thus indicating
a cognitive dissonance resolved by changing the perception of the consortium’s actions rather than
changing the actions or beliefs.

Participant 7 (Trigger 1): “If we look at the people that are in ‘ZEB’, they’re more or less on one of
the converging lines [of the artwork]. They have not only shared goal but also a relatively similar idea
of how to get there. So, in that sense, I don’t think my mindset needs to be completely different in how
to deal with that. I don’t have any feeling of any of the other projects, like ‘oh, this is so completely
different from what I would do… Or, this doesn’t make sense at all at this point…’ So, there... I don’t
see any reason for a change.”

Moreover, for participant 4, the reflection process revealed that his personal mindset was distinctly dif-
ferent from the mindset suited to the context of the consortium. Specifically, the mindset-specific beliefs
expressed by participant 4 during the reflection induced by the second trigger could not be subdivided
into mindset-specific beliefs that were already expressed in Part 1 of the interviews. Consequently, no
correction in mindset was proposed, as participant 4 considered their beliefs to be already a part of their
personal mindset and values, although not completely congruent with the consortium’s shared mindset.

Participant 4 (Trigger 2): “I think my personal project is very much directed towards, actually, solv-
ing the ecosystem problem. I’m taking… I’m taking waste [people] threw out in the environment. I’m
trying to not make that a waste product anymore. I’m trying to make it a valuated product so that we
don’t throw it back in, waste back, in the environment. So, I think that my project is ‘bang on’ in this
description. In fact, it was designed for this description. It was very much thought about it. Yeah. Yeah.
No, I had every intention of linking these two specifically to an ecosystem.”
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For participant 5, the reflection process induced dissonance that resulted in a change in their actions,
specifically the action of advocating for the inclusion of partners from various social backgrounds. The
dissonance stemmed from a more ’holistic’ contextual trigger that highlighted the limitations of a solely
technology-driven approach to solving the problem. This acknowledgment that a ’holistic’ approach is
necessary led to a change in participant 5’s course of action, emphasizing the importance of including
partners from other sectors in ’ZEB’.

Participant 5 (Trigger 2): “This represents one view, that is pretty common, I think… That we are
going to solve the problem just through technology development...”

”…[This view gives me] a bit of an anger. Because, I think it’s a naive view, right? It’s a naive view
to think that within this system we can actually solve this problem…”

”… I would advocate to include partners from other sides of society… You know… Outside of sci-
ence and technology development into ‘ZEB’.”

All mindset-specific beliefs expressed by the remaining participants for whom reflection did not change
their mindset could be subdivided in mindset-specific beliefs that were already expressed in Part 1
of the interview. Additionally, the contextual influences affecting these beliefs remained unchanged
compared to those deduced after analyzing Part 1 of the interviews.

Participants assigned to ’Reflection Causing a Changed Mindset’
After seeing trigger 1, participant 6 did propose a correction focused on the mindset in relation to the re-
duced ‘ZEB’ context, but only by expressing earlier stated, mindset-specific beliefs in this same context.
After evaluating the mindset-specific belief ‘it is important to understand the impact of technologies on
society’, a correction was proposed to improve the mindset with a broader technological understanding:

Participant 6 (Trigger 1): “[It] would be nice to have an even deeper understanding of the funda-
mentals… Of the different technologies and tools… ”

”... So, based on the figure, probably, having a higher resolution in the level of understanding of
those technologies.”

Mindset-specific beliefs expressed by participant 7 during reflection induced by the second trigger were
subdivided into mindset-specific beliefs that were already expressed in Part 1 of the interviews and re-
sulted in new mindset-specific beliefs that altered underlying principles of the more reduced systems.
These beliefs were expressed in relation to a ’holistic’ system by acknowledging a useful tension be-
tween naturalists and scientists or engineers:

Participant 7 (Trigger 2): “The first thing I see here is a bit of that tension between, say, the nat-
uralists and the scientists, engineers… By projecting these two layers on top of each other, creating
a very chaotic picture… Which… On one hand, signals [that] you can let them go hand in hand. You
can use your scientific mindset and all your engineering skills and stuff you can do in the lab to be
more responsible about how we use the ecosystem. But, it can also be interpreted as… We lose track
of naturalness, and we put everything in engineering… And, there’s really a tension between the two
and a conflict between the two… So, I think in that sense, it tries to… Well… Maybe… Make these
two perspectives clash and think about how you see things. And then, for me, I have been more of
the scientist-slash engineering mindset, I would say. Use the science to take your responsibility in how
the ecosystem develops in the future. But, I can also recognize that, to others, it might have a more
dystopian meaning.”

Subsequently, reflection resulted in a belief that altered principles of the ‘academic/ discipline of biotech-
nology’ context, followed by altered principles in the ‘sub-group of ‘ZEB’’ context and a proposed cor-
rection of the mindset: ‘I have to constantly connect my analytical mindset to assess my work related
to the bigger goal’.
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Mindset-specific beliefs expressed by participant 2 during reflection induced by both triggers were subdi-
vided into mindset-specific beliefs that were already expressed in Part 1 of the interviews and resulted
in new mindset-specific beliefs that indicated a change in epistemology. Reflection by participant 2
focused first on mindset-specific beliefs expressed in relation to a ’holistic’ system. For the second
trigger, this was accompanied by the focus on a mindset-specific belief expressed in an embedded
context, ’subgroup of ’ZEB’.

As described, participant 2 expressed his desire to see these contexts and ’Ingroups’ linked to them
somewhat disconnected from each other, in a situation and context-dependent manner. Furthermore,
when discussing the collaboration aspects of ‘ZEB’, participant 2 agreed that multiple levels of reality
were acknowledged, accompanied by different modes of reasoning and intuition, but not by feelings.
When connecting the emotion induced by both reflection triggers, participant 2 acknowledged the influ-
ence of intuition and feelings to be much broader, and affecting the mindset at a more meta-level of
consciousness:

Participant 2 (trigger 1): “I get annoyed… Because I think… And, I thought about that. I think
that’s because of this word ‘ideal’. So, it may… It’s... I don’t know. It’s just… This is somehow how
people always want us to sell our work. And, [that] it should be perfect and [that] we should save the
world… And all this ideals… So, maybe I’m… Maybe my mindset is not optimistic, kind of, enough to,
kind of, relate to that...”

“...that’s also what I see when people are really, really, kind of, really intensely believe in some-
thing… And, this is really their ideal. Then, I think, they are… Kind of their whole lives… Everything,
at least seems, mapped on top of each other, towards this one ideal. So, actually, that… With me, it’s
more separated somehow… I don’t know. But, it’s maybe more intuition, [which] matches a bit with
kind of the annoying [or] annoyance that I have here.”

Participant 2 (trigger 2): “This energetic feeling, or something like that, makes me feel more
connected as a person also to my work. And, that’s a bit what this represents, I think, also for me…
That it’s not, kind of, in ‘I’m kind of a maybe different person in the supermarket than at my job’. But
here, it feels more like… And, that’s maybe more because I feel more of this energy, and positive vibes
make me feel more… Possibly also kind of personally, at a personal level, involved in my work.”

Triggers and the context they represent
Within the context of participants’ reflection processes, it is notable that although all participants re-
ported engaging in reflective activities, distinct outcomes emerged for a select few. Participant 5, when
exposed to trigger 2, experienced a switch in contextual influence, transitioning from a more ’holistic’
perspective to a reductionist one, which prompted a consequential shift in action, notably advocating for
the inclusion of partners from diverse societal backgrounds. On the contrary, participants 2 (in response
to both triggers) and 7 (trigger 2) underwent a switch in contextual influence, causing them to reevaluate
their mindsets. This change in mindset was marked by a broader understanding of technological and
societal implications (participant 6) and a nuanced perspective on the relationship between naturalistic
and scientific engineering principles (participant 7). These instances underscore that despite all partici-
pants acknowledging the reflective process, for these select individuals, the transition between ’holistic’
and reductionist worldviews served as a triggering catalyst, leading to tangible changes in mindset and
action, ultimately affecting their engagement with the subject matter.

In all these switching cases, the second trigger was involved. In these cases, the artwork induced re-
flection on mindset-specific beliefs in relation to the ’societal/general/daily life system.’ Subsequently,
the reflection on these beliefs was connected to more reduced, embedded contexts, which made the
beliefs in these contexts change. In Parts 2 and 3 of the interviews, most of the participants confirmed
that the ’holistic’ and reduced contexts indicated in this reflection matched the participants’ interpreta-
tions of the artwork’s different ’layers.’ In other words, they confirmed that the layers of the artwork
represented experiences from both within and outside the ’academic system.’ Furthermore, partici-
pants who experienced a change in their mindset or actions after the switch in contextual influences
acknowledged that their reflection was indeed induced by the art, as shown in Figure 4.27.
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Figure 4.27: Overview of participants’ answers when asked ’Was your reflection also caused by the artworks?’.

The triggers and emotions
Upon evaluation of the emotions expressed and coded through in vivo codes in Part 2 of each inter-
view, it was observed that the participants that confirmed reflection was caused by the artworks also
expressed they felt certain emotions when looking at the artworks, both positive and negative (Figure
4.28). Participant 6 was the only participant who did not confirm that reflection was caused by the
artworks, but with an emotion code in the interview parts discussing one of the triggers (artwork 2). In
particular, the respective emotion ’(being) overwhelmed’ was the only emotion implicitly expressed. All
other emotions were explicitly mentioned by the participants in Part 2 of the interviews.
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Figure 4.28: Overview of positive and negative emotions experienced by participants as expressed for each reflection
trigger in Part 2 of the interviews. Emotions per participant are depicted in words connected with the respective participant
via a line. When no emotion (and line) were shown for a participant-trigger combination, no emotion was expressed. Positive
emotions are positioned in a green square; negative emotions are positioned in a red square.

Academic Contextual Constraints on Contextual Switching during Reflection
When discussing the general reflection possibilities and contextual influences of the ’academic disci-
pline of biotechnology,’ participants who experienced a switch in contextual influences (participants
2, 5, and 7) provided more detailed insights into why this context typically limits the type of reflection
induced by the artworks. For instance, participant 5 indicated that most academics focus solely on the
complexity of science, and therefore lack a more global, ’holistic’ view of the issues they are working on:

Participant 5: “I think that, very often, academics lack a more global view of issues and just focus
on the science… Which is complex enough… But, the reality is even more complex...”

”…any technology can be very beneficial or very dangerous, depending on how we use it. And,
that’s… And, I think scientists have a responsibility, right? It’s like [when] Albert Einstein was develop-
ing the atomic bomb. And, when he realized… You know… He was like ‘hey, we have a responsibility
in this. It’s not…We’re not just developing the technical solution, and we can’t just… Just isolate and…
You know… That happens with everything, right? With everything we do, we really need to broaden
the scope and look [at] it from… Zoom out, right? Look at how it embeds into the wider context.”

Participant 7 added that having this more global view is generally not accompanied by a change in
collaboration approaches:

Participant 7: “I do reflect more on the aspect of the societal contribution. Or… [On] ‘how can I tie
my research into my lectures?’, or something like that. The mindset for direct collaborations? Maybe
not so much, no. It’s sort of a thing that’s goes more or less organically, like, ‘hey, I like your work, you
like mine… Let’s talk… Let’s see what we can do.”

According to participant 7, (the mindset for) collaboration is mainly affected by the commercial value of
research output and the risks of losing intellectual property when collaborating from a global point of
view:
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Participant 7: “‘How do I want to interact with this person?’ is in the end [for me]: ‘what are the
facts?’. Will I already tell my idea bluntly? [Will I] say “hey, this is what I want to do… I don’t have this
expertise… Let’s… Do you want to get on board?”? With the risk of that person running away with it…
With a risk of this person thinking “hey, this has commercial value. I am going to patent this and… bad
luck for you”. Or, I might [be] very secretive. But, with the risk that nothing gets off the ground in the
first place, because I never really make it attractive to work with. So, that has a big impact on how you
will conduct a research, and it’s very much related to your mindset, I think.”

Finally, participant 2 realized that although feelings are part of science and reflection, the biotechnology
environment is generally not one in which this is discussed:

Participant 2: “I mean, if things do not work, I… At least I automatically start to reflect. And then,
often, it’s about feelings, because you are irritated by someone or by a process...”

“... So, I think… I think everyone reflects in themselves, kind of, but I think not a lot of reflection is
kind of shared. And, I think the reflection can become more powerful if it’s also shared between people.
But, let’s say… If we kind of keep it [a] simpler formulation… Sharing feelings is not something that’s
very common, at least in my biotechnological environment.”
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Summary Section 4.2: Findings
Main take-away:
Research sub-question 1a (Q1a),

Q1a: What contextual perceptions influence how research participants of ’The Towards
Zero-Emission Biotechnology Consortium’ view their mindset suiting inter- and transdisciplinary
practices?,

Is answered with the following main findings:
• All participants confirmed their membership in both ’Ingroups,’ ’the academic discipline of
biotechnology’ and ’the group trying to tackle the issue.’ For participants who selected the
’dominant’ representation (participants 1 & 3), the first ’Ingroup’ was seen as an embedded
group offering a unique solution, which was not dependent on solutions outside of this
group.

• Most of the participants (participants 1, 3, 4, 5, 6 & 7) acknowledged the role of (industrial)
production systems, the role of transferring research knowledge to industrial partners, or
the role of technology itself as an important ’holistic’ to ’reductionist’ reasoning step in how
to solve the issue of the consortium. Here, participants who selected ’dominant’ (partic-
ipants 1 & 3) and ’intersection’ (participants 4, 6 & 7) representations of both ’Ingroups’
primarily emphasized industrial or technological contexts and ’Ingroups’ shaping their men-
tal models. Conversely, participants who selected ’merger’ (participant 5) and ’context and
situation specific’ (participant 2) representations demonstrated a recognition of the role of
individuals outside the realm of technology in addressing the issue.

• For most of the participants, the role of ’ZEB’ was related to the relatively reduced ’the
academic discipline of biotechnology’ context. However, for two participants (participant
4 & 6), transferring research knowledge into a larger context was also seen as a part of
’ZEB’. Both selected the ’intersection’ representation and envisioned this intersection as a
means for this knowledge transfer.

• All participants unanimously endorsed the notion that (future) inter- and transdisciplinary
practices should align with scholarly attributes captured in the first two statements given
when discussing the collaboration types (”collaborations do not only happen within disci-
plines or sub-disciplines” and ”collaborations occur between members from different dis-
ciplines, with each member analyzing the issue from the perspective of their individual
discipline). However, for the remaining statements, the answers varied among the partici-
pants.

• Participants who perceived the ’Ingroups’ ’the academic discipline of biotechnology’ and
’the group trying to tackle the issue’ to be similar (participants 1 & 4) referred in their
explanation to more ’reductionist’ systems and contexts deduced from their reasoning. In
contrast, participants who perceived both ’Ingroups’ to be dissimilar (participants 2, 5, 6 &
7) referred in their explanation to more ’holistic’ systems and contexts deduced from their
reasoning.

• When classifying the responses of the participants to uncertainty and ambiguity along
an analytical versus social spectrum, it was observed that only the two participants who
assigned an active role to people outside the industry or technology (participants 2 & 5)
expressed an analytical response in the context related to more ’holistic’ steps to tackle
the problem. The remaining responses in relation to this ’holistic’ context (of participants
4, 6 & 7) were very analytical. These latter participants also disagreed with the notion that
spiritual aspects play a role in the collaboration of the consortium.

• The two participants who expressed more ’holistic’ step(s) in which people outside the in-
dustry or technology had an active role in tackling the issue (participants 2 & 5) referred to
the context linked to these respective ’holsitic’ step(s) when describing the uniqueness of
the issue. Most of the remaining participants referred to a context linked to more ’reduc-
tionist’ steps when doing so.
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Summary Section 4.2: Findings
Main takeaway (continuation):

• Participants 4 and 6, within the ’ZEB’ consortium, expressed mindset-specific beliefs re-
lated to knowledge transfer. They highlighted the importance of a smaller subgroup within
’ZEB’ as an ’intersecting’ bridge for passing on knowledge to external contexts, thus influ-
encing their beliefs about knowledge transfer.

• Participants 6 and 7, who perceived the ’academic discipline of biotechnology’ and ’the
group trying to tackle the issue’ as distinct, expressed mindset-specific beliefs favoring
rationality over feelings. These participants integrated external contexts to a lesser ex-
tent in their reasoning, indicating that contextual influences within technical environments
shaped their rationality-oriented mindset.

• Participants 4, 6, and 7, operating within a more reduced ’academic industrial’ system,
emphasized the importance of collaboration outcomes and which perspectives should be
included. Their mindset-specific beliefs were influenced by the technical context, with a
focus on outcome-oriented collaboration and problem solving.

Research sub-question 1b (Q1b),

Q1b: What characteristics can be deduced from the reflection of the research participants
in ’The Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’
mindset?,

Is answered with the following main findings:

• Visual 2 triggered shifts in contextual influences for participants 2, 5, and 7, resulting in
changes in actions or mindsets.

• These participants confirmed that the artwork layers represented various ’holistic’ and re-
duced contexts.

• It was observed that participants (except participant 6) who confirmed that reflection was
caused by the artworks also expressed that they felt certain emotions when looking at the
artworks, both positive and negative.

Link with Section 4.3:
• The findings described in this section are discussed in section 4.3.
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4.3. Discussion
4.3.1. Reflecting on the findings
Research sub-question 1a,

Q1a: What contextual perceptions influence how research participants of ’The Towards Zero-Emission
Biotechnology Consortium’ view their mindset suiting inter- and transdisciplinary practices?,

was answered through semi-structured qualitative interviews and subsequent data analysis.

Technical implementation contextual influences
As discussed earlier, social identity complexity theory revolves around the cognitive process through
which individuals identify with multiple ’Ingroups’ that possess similar or ’competing’ prototypes. Sub-
jective representations used in interview questions offer insights into the different ways individuals rec-
oncile these ’competing’ prototypes to construct their overall social identity (Roccas and Brewer, 2002).

Moving from the theoretical framework to the findings, when assessing the various ’steps for tackling
the issue’ as articulated by participants and positioning them on a ’holistic’ (complex system) to ’re-
ductionist’ (reduced system) scale, it becomes evident that most participants (participants 1, 3, 4, 6,
and 7) recognized the pivotal role of the technical implementation within ’ZEB.’ This implementation
involves collaborations with industrial partners, general production, or general technology. The align-
ment with the ’implementation Ingroup’ contexts, albeit varying among these participants, indicates the
significance of technological aspects in shaping their mental models.

Moreover, from a social identity complexity perspective, these findings hint at a clear division in how
participants evaluated ’competing’ prototypes between ’the academic discipline of biotechnology’ and
’the technical implementation group’. Here, six participants reconciled ’competing’ prototypes by en-
visioning the actions of ’the academic discipline of biotechnology’ as a direct part of their identity and
the actions of the ’technical implementation group’ as an indirect part of their identity. On the basis of
this, one could speculate that their experiences in the context of this ’technical implementation’ (col-
laborations with industry) might have a relatively lesser impact compared to their direct experiences
within ’the academic discipline of biotechnology.’ Considering the potential implications of this division
in social identity complexity, it might suggest that participants who primarily align their identity with ’the
academic discipline of biotechnology’ could potentially wield significant influence in shaping the con-
sortium’s direction and its approach to interdisciplinary practices.

Participants 1, 3, 4, 6, and 7, who selected ’dominant’ and ’intersection’ representations, primarily
emphasized industrial or technological contexts and ’Ingroups’ in shaping their mental models. This
preference suggests that these contexts significantly influence their perspectives on the issue and
practices of the consortium. Additionally, their alignment with the ’implementation Ingroup’ and the
absence of people from outside the realm of technology in their holistic to reductionist reasoning steps
reinforce the impact of these technical contexts on their views and attitudes.

The integration of contextual influences from outside of technological environments and
mindset-specific beliefs for inclusiveness
Conversely, participants who selected ’merger’ and ’context and situation specific’ representations (par-
ticipant 2 and 5) demonstrated a recognition of the role of individuals outside the realm of technology
in addressing the issue. Through the perspective of the theoretical framework of this thesis, this im-
plies that ’Ingroups’ or contexts beyond the boundaries of technology exert influence over their mental
models. When discussing the participant’s response to uncertainty and ambiguity, the same partici-
pants expressed their social response to uncertainty and ambiguity when in the more ’holistic’ context
related to this step. Furthermore, when describing the uniqueness of their issue description, the same
participants and a third participant referred to the contexts related to these ’holistic’ steps, while the
remaining participants referred to more ’reductionist’ contexts.
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Additionally, as indicated, the same participants who selected the ’merger’ and ’context and situation
specific’ representations articulated that ’the academic discipline of biotechnology’ and ’the group trying
to tackle the issue’ were dissimilar. They referred to ’holistic’ systems when explaining this perception
of dissimilarity. This alignment suggests that the contextual influences affecting their mental models,
originating from realms beyond technology or industry, are inherently distinct from their own academic
research context.

On the other hand, two participants who selected the representation of the ’intersection’ also referred to
’holistic’ systems in their explanations. Both participants expressed mindset-specific beliefs related to
preferring rationality over feeling-based approaches, and one of them expressed beliefs indicating nor-
mativity for not including all perspectives. In the more reduced system, three participants (including the
two referred to above) expressed mindset-specific beliefs that indicated a focus on outcome-oriented
collaboration.

Based on this, it can be said that these participants acknowledged the existence of external contexts
outside of the technical environments but did not fully integrate them into their reasoning processes
to address the challenge of the consortium. This indicates that for these participants, contextual influ-
ences from inside technical environments have an impact on mindset-specific beliefs regarding how
to use rationality and feelings when tackling complex issues. Because of this, contextual influences
from inside technical environments have an impact on beliefs regarding inclusiveness in a way that
only rational approaches are accepted.

When examined through the lens of social identity theory, these findings suggest the presence of shared
prototypes among participants, potentially linked to a preference for rationality as a problem-solving ap-
proach. This inclination towards rationality may also be associated with a limited inclusiveness proto-
type, where rationality-driven decision making could lead to excluding alternative perspectives. These
prototypes, ingrained within their social identity, could influence their perceptions and behaviors within
their attempt to collaborate in an inter- and transdisciplinary manner.

Contextual influences on mindset-specific beliefs concerning knowledge transfer
Examining the contextual influences shaping participants’ mindset-specific beliefs, it was observed that
the participants that expressed that transferring research knowledge into a wider systemwas also an im-
portant part of ‘ZEB’ expressed beliefs indicating positive differentiation with a subgroup of ‘ZEB’ as the
’Ingroup’: the group involved in their projects. Both these participants selected the subjective represen-
tation ’intersection’ when discussing the two ’Ingroups’ in the interviews and related this to transferring
knowledge of ’the research context’ to ’the technical implementation context’, which was perceived as
something unique for their projects. The positive differentiation expressed for this subgroup reveals that
these smaller groups within ’ZEB’ have an influence on how these participants view sharing knowledge
outside the consortium. A participant also expressed mindset-specific beliefs indicating biases for the
‘Outgroups’ ‘industry’ and ‘academics/biotechnology’. From a social identity perspective, these findings
suggest that, for these participants, experiences in the contexts of their projects are more influential
than experiences in the general context of ’the academic discipline of biotechnology’.
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In the context of moving towards inter- and transdisciplinarity, scholars relate to the need to ’co-create
or co-design with nonacademic actors’, including (industrial) partners for ’technical implementation’.
Notably, as indicated by one participant in Part 3 of the interviews (meta-reflection), the risks of losing
intellectual property can be a limiting influence of the ’academic discipline of biotechnology context’
to reflect on the mindset. Interestingly, De Maeijer et al. (2018) linked this influence to interactions
between industrial partners and academics to understand their influence on the roles and identities of
participants (De Maeijer et al., 2018). Using a linguistic ethnography approach, they evaluated contex-
tual routines and the (a)symmetry in the allowed distribution of the participants engaging in interactions.
The framework they use to this connects to the main findings related to knowledge transfer discussed
in this section: they evaluate ’secrecy’ versus ’openness’ (pre-preparedness to share and receive infor-
mation) in relation to fluid and fixed (assumed) identities. They state that ’secrecy’ elements such as
intellectual property often go hand in hand with a collaboration dynamic of ’keeping face’, i.e. to prevent
’face-threats’, identity aspects such as values and beliefs are not shared). However, their results indi-
cate a power shift initiated by ’leading individuals’: one with more ’openness’ and in which ”academics
and ’industrials’ jointly (re)determine the course of the project and academics no longer solely bear the
burden of technological uncertainty” (De Maeijer et al., 2018).

When linked to the findings discussed in this section, the smaller influence of the academic disciplinary
context on the mindset-specific beliefs of the two participants who value knowledge transfer could in-
dicate a similar shift towards ’openness’. On the other hand, the mindset-specific beliefs expressed
that indicate biases for ’Outgroups’ industry and ’academics / biotechnology’ suggest a tendency to
stereotype and additional ’Ingroup’ differentiation (increased self-esteem) for the participant’s project,
which indicates the opposite of openness for sharing identity aspects.

To answer research sub-question 1b,

Q1b: What characteristics can be deduced from the reflection of the research participants in ’The
Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mindset?,

The model for initiating change, rooted in the theoretical framework of this thesis, was used as the lens
through which the reflections of the participants influenced their mindset-specific beliefs. To do so, a
detailed analysis of the interviews was conducted, categorizing each participant’s reflection process
into one of the following reactions: option 1 (No Reflection), option 2 (Reflection but No Changed
Mindset), and option 3 (Reflection Causing a Changed Mindset).

A shift in contextual influences and the Role of Reflection Triggers
When analysing the participants’ perceptions of inter- and transdisciplinarity evaluated in Part 1 of the
interviews (Step 2 of data analysis to answer Q1a, Section 4.1.3), it became evident that the schol-
arly continuum, as positioned along the theoretical framework, did not consistently align with the par-
ticipants’ views within ’The Towards Zero-Emission Biotechnology Consortium’. While the first two
statements regarding collaborations within disciplines or across different disciplines met unanimous
agreement, participants’ responses to the subsequent statements displayed notable inconsistencies.
Such disparities indicate a divergence between the theoretical continuum and the contextual percep-
tions within this specific case study.

However, a noteworthy shift in contextual influences was observed among participants who experi-
enced a recognition of embeddedness during Part 2 of the interviews. This recognition of embedded-
ness in interdisciplinary and transdisciplinary contexts closely parallels the scholarly view of a ’shift in
mindset’ towards recognizing interconnectedness and fostering coordination among diverse hierarchi-
cal levels. For instance, this process of acknowledging embeddedness aligns closely with the concept
of ’deep learning,’ encompassing intellectual, emotional, and values-based dimensions, which serves
as a cornerstone for initiating transformative change within the framework of this study (Hermes and
Rimanoczy, 2018). This recognition of embeddedness within the participants’ responses hints at the
applicability of the scholarly perspective on mindset to this case study. Specific to this case study, this
implies that the development of a more ’holistic’ mindset, rooted in recognizing embeddedness, acted
as a catalyst for the cultivation of a ’holistic’ perspective.
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Here, it is essential to revisit the influence of the reflection triggers used during the interviews, as they
played a crucial role in influencing participants to engage in reflection that transcended their immedi-
ate technological context. As described, all instances of this shift towards recognizing embeddedness
were at least partially induced by the second artwork serving as a reflection trigger. Participants con-
firmed that the layers of this artwork represented experiences from both within and outside the ’aca-
demic system.’ This observation underscores the significant role played by the choice of the artwork
as a trigger, encouraging participants to consider contexts beyond technology during their reflections.
Consequently, regardless of their social identity complexity representation, all three participants expe-
riencing this contextual shift acknowledged the existence of external contexts as they transitioned from
’holistic’ to ’reductionist’ approaches when addressing the consortium’s challenge.

A shift in contextual influences accompanied by both cognitive and affective processes
As explained, some scholarly literature that focuses on moving towards inter- and transdisciplinarity
suggests a revolution in the praxis of learning through reflection: one in which instead of solely cog-
nitive processes (rationality), also affective processes have a role (Burga et al., 2017; Lozano, 2014;
Shrivastava, 2010). Interestingly, all participants who experienced such a contextual shift during their
reflection acknowledged that the triggers indeed induced their reflection. Additionally, it was observed
that these participants also expressed that they felt certain emotions when looking at triggers. These
findings confirm the importance of affective processes and creativity, specifically for reflection, to culti-
vate a more ’holistic’ mindset.

In line with this influence of experience emotion, the concept of ’cognitive dissonance’ served as a
central part of this thesis’ theoretical framework used as a lens to study the participants’ reflection pro-
cesses. Through the interview analysis, it was observed that experiencing such dissonance indeed
caused one of three reactions of participants when triggered with the artworks: a change in perception
of action, a change in action, or a change in (mindset-specific) belief. The phenomenon of experienc-
ing ’cognitive dissonance’ when participants recognized their role and embeddedness in a new manner
was also reported by Hermes and Romanoczy (2018), and involves reflecting on one’s contribution to
addressing complex issues in novel ways. As reported by Hermes and Romanoczy (2018), this reflec-
tion often leads to the surfacing of frustrations, the recognition of differences within interdisciplinary
groups, and a heightened awareness of the need to align one’s mindset with the overarching goals. It
is plausible that this phenomenon could also be observed in the reflections of other participants, such
as Participants 2 and 7. To illustrate this, here are excerpts from Participant 7’s reflections, providing
a glimpse into this process:

Participant 7 (About the emotion experienced): ”I think it does signal that I have frustrations
with certain members of ‘Group B’…”

Participant 7 (About the role of others in the ’holistic’): ”..[However],it does emphasise that
it’s, even though they have, maybe, a similar purpose in the end, it’s so different, that you can’t really
identify with them, in many aspects...”

Participant 7 (Reflecting on own role): ’...it’s easy to just focus on the technical aspects and park
these other things for later. So… Maybe, make sure and keep in check with yourself that your mindset
is also oriented towards the goal, and not only towards things that you’re doing along the way.”
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4.3.2. Reflecting on methods and data analysis
In this phase of the study, qualitative data was collected through semi-structured interviews, which pro-
vided valuable insights into the mindsets of the participants and their connection to various aspects of
’ZEB.’ The interview design was tailored to encourage participants to discuss their beliefs in relation
to ’ZEB,’ potentially leading to a stronger emphasis on positive differentiation for ’ZEB’ as an ’Ingroup.’
However, it is essential to acknowledge that the interview structure also included discussions on the
relationship between ’ZEB’ and other ’Ingroups,’ such as ’the academic discipline of biotechnology’
and ’the group trying to tackle the issue.’ These discussions provided opportunities for participants to
link their mindsets to more ’holistic’ perspectives concerning the problem at hand. Although the inter-
view setup may have influenced the focus on different ’Ingroups,’ the data analysis aimed to explore
mindset-specific beliefs qualitatively, rather than quantifying the ratio of focus on specific ’Ingroups.’
This approach allowed for a deeper understanding of the participants’ mindset-related beliefs.

A critical evaluation of the theoretical framework used in this study is warranted to assess its effec-
tiveness in guiding research. The framework incorporated the Social Identity (Complexity) Theory and
the concept of ’mental models’ to analyze the interview findings. However, several important consid-
erations need to be addressed. First, it is essential to recognize that the framework assumes that
contextual influences are not adequately recognized by current academics. This assumption was not
explicitly checked during the interviews. Second, the centrality of The Social Identity Complexity Theory
in this research is notable. The Social Identity Complexity Theory is a relatively young theory that may
not have been widely applied in research. Despite this, it played a central role in this study, with the
assumption that an individual is influenced by multiple social identities. Finally, while the exploratory
review of the literature confirmed the compatibility of the chosen theories within the framework, a sys-
tematic review was not conducted to validate the general consensus on the fit of these theories.

These critical points raise questions about the suitability of the theoretical framework and potential
limitations it may introduce into the research process. To enhance future studies, it is advisable to con-
sider research setups that allow for the evaluation of both direct and indirect responses to contextual
influences, providing a more comprehensive understanding of their impact on participants’ mindsets.
Additionally, given the foundational role of the theoretical framework in this phase’s data analysis, fu-
ture research efforts could benefit from conducting a broader or systematic literature review to validate
and refine the chosen theoretical framework.

A third critical aspect of the data analysis of this study is the role of personal interpretation in the research
process. Qualitative data analysis involved multiple steps, including coding, mapping, and categorizing
beliefs as context-specific or mindset-specific. All these steps were carried out by a single researcher,
introducing the possibility of personal bias and interpretation. Additionally, the elucidation of mental
models was performed through Fuzzy Cognitive Mapping, a method that, when used with specific algo-
rithms to generate group mental models, reduces the influence of researcher interpretation. However,
the decision was made to focus on individual mental models and utilize a more qualitative approach to
elucidate them through Fuzzy Cognitive Mapping. This choice was driven by the research’s emphasis
on individual reflection on various professional and private contexts and how these contexts shape
mindsets.

Acknowledging the potential influence of personal interpretation is essential to understanding the limi-
tations of the study and underscores the need for transparency in the research process. These consid-
erations should serve as a foundation for future research endeavors, prompting researchers to explore
strategies for minimizing personal bias and improving consistency of analysis, such as intercoder reli-
ability, i.e., where researchers or analysts independently code, interpret, or analyze the same data set,
and to make explicit their interpretive choices throughout the research process.
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4.3.3. Reflecting on validity and generalizability
Regarding generalizability, the findings of this study may present challenges in terms of generaliz-
ability due to its small sample size of seven participants and its focus on the specific context of the
’Towards Zero-Emission Biotechnology Consortium.’ However, the study contributes to transferabil-
ity by providing a comprehensive understanding of mindset development within interdisciplinary and
transdisciplinary contexts. Although the direct transfer of findings to other contexts might be limited, re-
search methodologies, as well as the application of the theoretical framework, can serve as a valuable
foundation for similar studies in diverse interdisciplinary and transdisciplinary domains.

In terms of validity, it is important to acknowledge potential challenges stemming from researchers’
interpretation during qualitative data analysis. The data analysis process, which included coding, map-
ping, and categorizing beliefs, may introduce an element of personal interpretation and subjectivity.
However, the external validity of the study remains a priority, ensuring that the research is as appli-
cable as possible to other settings and contexts. The transparency of the research process, including
detailed descriptions of the methodologies used and the specific context of the ’Towards Zero-Emission
Biotechnology Consortium,’ aims to facilitate external validity by allowing other researchers to assess
the applicability of the findings to their own cases. This methodological transparency contributes to the
credibility of the study’s conclusions and reinforces the potential for external validity in similar interdis-
ciplinary and transdisciplinary environments.
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Summary Section 4.3: Discussion
Main take-away:
The following points of discussion are most relevant regarding the findings that answer research
sub-question 1a (Q1a),

Q1a: What contextual perceptions influence how research participants of ’The Towards Zero-
Emission Biotechnology Consortium’ view their mindset suiting inter- and transdisciplinary prac-
tices?:

• Role of Technical Implementation: Most participants recognized the pivotal role of
technical implementation within ’The Towards Zero-Emission Biotechnology Consortium.’
From a social identity perspective, this indicates that technological aspects significantly
influence their mental models.

• Speculation on Social Identity Complexity: Speculation based on the social identity
complexity lens reveals competing prototypes between ’the academic discipline of biotech-
nology’ and ’the technical implementation group.’ Participants reconciled these competing
prototypes in distinct ways, suggesting that those primarily aligning with ’the academic dis-
cipline of biotechnology’ may have more influence in shaping the consortium’s direction.

• Contrasting Groups and Beliefs of Inclusiveness: Participants with different social
identity complexity representations demonstrated varying beliefs regarding inclusiveness.
Some acknowledged external contexts outside of technology, while others preferred ratio-
nality over feelings-based approaches, which influenced their inclusiveness beliefs. The
social identity complexity lens suggests that these preferences may influence perceptions
and behaviors in inter- and transdisciplinary collaboration.

• Preferences for Rationality and Lack of Influence from Outside Contexts: Some par-
ticipants preferred rationality over feelings-based approaches and did not fully integrate
external contexts outside of technology into their reasoning processes. The social identity
lens speculates that these preferences might result in limited inclusiveness and impact
mindset-specific beliefs.

• Knowledge Transfer and Openness: Literature suggests the importance of ’openness’
in inter- and transdisciplinary collaboration, as it can lead to a shift in power dynamics
and influence participants’ perceptions. Participants who valued knowledge transfer ex-
pressed openness, while those who had biases against ’Outgroups’ indicated the opposite
of openness for sharing identity aspects.

The following points of discussion are most relevant regarding the findings that answer research
sub-question 1b (Q1b),

Q1b: What characteristics can be deduced from the reflection of the research participants in
’The Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mind-
set?:

• Misalignment with Scholarly Continuum: The scholarly continuum, as positioned along
the theoretical framework, did not consistently align with the participants’ views within ’The
Towards Zero-Emission Biotechnology Consortium.’ While some statements met unani-
mous agreement, disparities emerged regarding subsequent statements, indicating a di-
vergence between the theoretical continuum and participants’ contextual perceptions.
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• Shift in Contextual Influences and ’Deep Learning’: A significant shift in contextual
influences was observed among participants, particularly during Part 2 of the interviews.
This shift closely parallels the ’deep learning’ concept, which involves recognizing em-
beddedness in interdisciplinary and transdisciplinary contexts and aligning with the ’shift
in mindset’ towards recognizing interconnectedness. This shift in contextual influences
acted as a catalyst for cultivating a ’holistic’ mindset and aligns with the origin of the model
for initiating change described in literature.

• Influence of Reflection Triggers: However, the influence of reflection triggers used dur-
ing interviews played a crucial role in inducing participants to engage in reflection that
transcended their immediate technological context. The choice of artwork as a reflection
trigger encouraged participants to consider contexts beyond technology during their reflec-
tions.

• Cognitive-Affective Reflection and Cognitive Dissonance: A relevant takeaway from
this discussion is the importance of cognitive-affective reflection in cultivating a holistic
mindset. This was emphasized in the context of literature, particularly with regard to the
need to incorporate affective processes for transformative change. The concept of ’cogni-
tive dissonance’ played a central role in the discussion, highlighting that this phenomenon
often leads to a shift in mindset and a heightened awareness of the need to align one’s
mindset with overarching goals.

Finally, the following general points of discussion are relevant:

• Role of Qualitative Data Analysis: The qualitative data analysis process, including cod-
ing, mapping, and categorizing beliefs, was utilized to exploremindset-specific beliefs qual-
itatively. While the research design encouraged the participants to discuss their beliefs,
it also introduced the possibility of personal bias and interpretation during data analysis.
Transparency and the recognition of potential personal interpretation were highlighted as
important considerations to improve the quality of future research.

• Effectiveness of Theoretical Framework: The effectiveness of the chosen theoretical
framework, which incorporated the Social Identity (Complexity) Theory and ’mental mod-
els,’ was discussed. The framework assumed that contextual influences are not ade-
quately recognized by current academics and focused on the role of multiple social identi-
ties. However, the potential limitations and assumptions of the framework were acknowl-
edged, emphasizing the importance of future research to validate and refine the chosen
theoretical framework through broader literature reviews.

• Generalizability and Validity: The section addressed generalizability and validity con-
cerns. The small sample size of seven participants and the specific focus on ’The Towards
Zero-Emission Biotechnology Consortium’ could pose challenges in terms of generaliz-
ability. However, the study aimed to contribute to transferability by providing insights that
can be applied to similar interdisciplinary and transdisciplinary contexts. Validity concerns
were related to potential personal interpretation during qualitative data analysis. The sec-
tion emphasized the need for transparency in the research process and encouraged future
researchers to explore strategies to minimize personal bias and improve consistency in
analysis.

Link with Section 4.4:
• Section 4.4 describes the conclusion of Phase 1 based on the findings (Section 4.2) and
the points of discussion described in this section.
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4.4. Conclusion
Phase 1 of the study aimed to answer research sub-question 1,

Q1: How do contextual perceptions within the academic discipline of biotechnology, as observed in
a case study, influence the development of a more ’holistic’ mindset suiting inter- and transdisciplinary
practices?

To answer research sub-question 1a:

Q1a: What contextual perceptions influence how research participants of ’The Towards Zero-Emission
Biotechnology Consortium’ view their mindset suiting inter- and transdisciplinary practices?,

A theoretical lens consisting of the Social Identity (Complexity) Theory and the concept of mental mod-
els was used. Participants exhibited various mindsets, which were influenced by ’social identity (com-
plexity)’, with some participants prioritizing technological contexts, while others recognized influences
from outside technology. The influence of ’Ingroups’ on mindset-specific beliefs and attitudes towards
inclusiveness varied between participants. Additionally, the academic disciplinary context had different
levels of influence on the mindset-specific beliefs of the participants about knowledge transfer.

To answer research sub-question 1b,

Q1b: What characteristics can be deduced from the reflection of the research participants in ’The
Towards Zero-Emission Biotechnology Consortium’ that resulted in a more ‘holistic’ mindset?,

A model for initiating change was used linking a reflection process initiated by a creative trigger as
contextual influence to previous contextual perceptions deduced to answer Q1a. Here, a shift in con-
textual influences was found to be induced by a specific reflection trigger (the second artwork), which
led to changed (’holistic’) mindset or action in the context of inter- and transdisciplinary practice. Par-
ticipants experienced cognitive dissonance and emotional responses during this shift. This second
artwork prompted participants to recognize contexts outside of technology, affecting mindset-specific
beliefs about embeddedness.

4.4.1. Essence: Re-connecting yourself
Starting from the normative claim that scientists tackling complex issues need to adapt their perspective
on science towards a more ’holistic’ one, accompanied by moving towards inter- and transdisciplinarity
via continuous reflection, phase 1 of this thesis aimed to find an essence of what it means to do this.
Based on the findings discussed, the following essence was defined by the researcher herself for what
it means for academics of the discipline of biotechnology to cultivate a more ’holistic’ mindset via con-
tinuous reflection, accompanied by moving towards inter- and transdisciplinarity:

”Re-connecting yourself”

On the one hand, this essence refers to the interview finding that acknowledging embeddedness, trig-
gered by mindset-specific beliefs that are related to the most ’holistic’ contexts of the participants in
their professional inter- and transdisciplinary approaches, can further cultivate a ’holistic’ mindset via
reflection. On the other hand, this essence refers to reconnecting with various aspects of yourself, both
cognitive and affective, thereby improving the praxis of reflection. As reflecting on a ’holistic’ mindset
needs to be continuously done, this essence also refers to the social process of connecting with more
and more different people and reflecting upon each other’s (mindset-specific) beliefs.



4.4. Conclusion 90

Summary Section 4.4: Conclusion
Main take-away:
Starting from the normative claim that scientists tackling complex issues need to adapt their
perspective on science towards a more ’holistic’ one, accompanied by moving towards inter-
and transdisciplinarity via continuous reflection, phase 1 of this thesis is concluded by an
essence of what it means to do this as defined by the researcher herself:

”Re-connecting yourself”

Link with Chapter 5:
• In the next chapter describing the Phase 2, divergent and convergent thinking was carried
out to further specify what this essence means in this broader context of the academic
discipline of biotechnology and re-iterate these new insights with insights of Phase 1 and
the insights previously reported in literature.
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This chapter describes the progression of this thesis’ research, marking the process of Phase 2: di-
vergent and subsequent convergent thinking to gain new input, reiterate with previous insights and
additional literature, and define the purpose of the tool. Rooted in the principles laid out in prior chap-
ters, the focus now turns to howmotivation can be stimulated within members of the academic discipline
of biotechnology, fostering a ’holistic’ mindset suiting to inter- and transdisciplinarity.

In this phase, a new research sub-question is introduced, broadening the scope beyond the consortium
context examined in Phase 1:

Q2: According to members of the academic discipline of biotechnology, what can induce the con-
tinuous and conscious cultivation of a more ’holistic’ mindset?

This inquiry thus extends into the broader realm of biotechnology, seeking to reveal catalysts that can
nurture the cultivation of a ’holistic’ mindset. It serves as the cornerstone of this thesis’ research, laying
the groundwork for the subsequent phase where the final research sub-question will be addressed:

Q3: What tool can be used to support the cultivation of a more ’holistic’ mindset of members of the
academic discipline of biotechnology?

All-together, this phase contributes to answering the main research question:

Q: How can members of the academic discipline of biotechnology be incited to continuously and
consciously cultivate a more ‘holistic’ mindset suiting inter- and transdisciplinarity?
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5.1. Methods: Input session and literature study
The selected methodology for this phase is based on its suitability to diverge on what the essence
meant in the broader context of the academic discipline of biotechnology and subsequently converge
by (re)iterating the insights with the insights of phase 1 and the insights previously reported in the liter-
ature. In alignment with this aim, a multifaceted approach was employed, one that begins with an input
session followed by an explorative literature study.

To diverge, an input session was organized with members (PhD’ers, Postdocs, and experienced tech-
nicians) of the ’Industrial Microbiology’ (IMB) group. The session lasted one hour and took place in
a real-life setting, in a neutral meeting room at the TU Delft. Participants were invited by email and
informed that their participation constituted consent for handwritten notes to be taken from their input,
but no direct quotes were recorded. Four participants were selected for this input session based on
their availability and their expressed interest in contributing to the broader exploration of holistic science.

During this session, the researcher’s role assumed an active facilitative stance, characterized by the
use of nondirective probing questions to encourage thoughtful reflection and discourse and taking in-
tensive notes.

During the input session, members were briefly introduced to the starting point of this thesis: the nor-
mative claim that scientists tackling complex issues need to adapt their perspective on science towards
a more ’holistic’ one, accompanied by moving towards inter- and transdisciplinarity via continuous re-
flection. The introduction to the topic and the essence was facilitated using three PowerPoint slides.
Then, an elaborate discussion was held to discuss the members’ various interpretations of the essence
and how they envisioned the approach or actions to achieve this.

To define the purpose of the tool, convergent thinking was carried out by reiterating the insights of
the input session with previous insights from phase 1 and literature. For this re-iteration, an additional
explorative literature search was conducted using the search enginesWeb of Science and Scopus, and
by using combinations of the following terms as search terms: ’interdisciplinarity’, ’transdisciplinarity’,
’emotion’, ’language’, ’similarity’, ’diversity’ ’context’. On reading the abstract, the selection for inclusion
in this review of the literature was based on the following.

• Actuality (2000-2023);

• The fact that it could be linked to insights of phase 1 and insights of the input session; and

• The fact that other papers focusing on moving towards inter- and transdisciplinarity cited the work.
The judgment of this focus was evaluated by reading the abstracts of the papers.
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5.2. Findings of the input session
The main insights that resulted from the input session are described based on the following themes:

Theme 1: Re-connecting yourself with different research contexts
Some members interpreted the essence as re-connecting themselves with different research contexts.
Here, a connection was made between research contexts and the stage of personal development in a
scientific career: the longer someone had developed in the academic context, the bigger the ability to re-
connect with different research contexts. Thus, connecting wasmainly done via experience, knowledge,
and expertise related to the area to connect with. In this discussion, it was highlighted that young
scientists can sometimes be stubborn because they connect an aspect of their mindset to only certain
specific experiences.

Theme 2: Re-connecting yourself with different people
Some members interpreted the essence as re-connecting themselves with a wider variety of people
and, subsequently, their personalities and mindset. Here, members agreed that re-connecting meant
’recognising yourself in the other’, which all members linked to ’having had the same experiences’. It
was noted that researchers in the same research group, or to some extent amongst all members of ’the
academic discipline of biotechnology’, ’having had the same experiences’ often meant ’knowing what
it is like to perform experiments in the laboratory’. In this context, re-connecting with someone with a
positive and output-driven mindset can be done by recognizing yourself in lab work that immediately
resulted in publishable results. In contrast, re-connecting with someone with a very negative and ’ex-
perimental’ mindset can be done by recognizing yourself or your equipment constantly ’failing’ in the lab.

Regarding re-connecting with academics of other disciplines or even with people working outside of
academia, members of the session expressed that it was much harder to find ’a similar experience’.
In this context, members agreed that various assumptions could sometimes help the conversation
(i.e. finding a connection or parallel by assuming to have a similar experience somewhere in life), but
sometimes also limited the dialogue. It was noted that biotechnologists generally assume themselves
as experts who need to send a specific (connecting) message. Being experts, they often assume that
they not only have sufficient knowledge related to science, but also know enough to understand what
type of knowledge these ’different people’ need to have. This led to the realization that, in these cases,
listening to people’s values, interests, and ideas is extremely valuable to create a mutual understanding,
but it is often forgotten.

Theme 3: Re-connecting has limits
Some members expressed that this re-connection needs to have its limits: there always needs to be
’some part of yourself that is distinctive for who you are’, and there always will be parts of others with
which you cannot relate. However, they did acknowledge that having these differences in work ethic,
mindset, or attitude during collaborations can create tension and cause collaborating partners to feel
uncomfortable. Remarkably, all members of the input session agreed that when dealing with these
tensions, searching for a more ’holistic’, abstract similarity, or factor creating ’coherence’ made dealing
with such tensions more comfortable.

Theme 4: Re-connecting with different aspects of yourself, other than rationality
Some members interpreted the essence as re-connecting themselves with different aspects of them-
selves, such as ambition, daily experiences and feelings, and creed. Here, it was noted that people in
academia are often very much ’inside their heads’, dealing with rationality. Because of this, they often
forget to ’embody their thoughts’ or link what is theoretically possible to how they and the people in
their surroundings are feeling at that moment. Therefore, participants in the input session confirmed
that feelings are generally not shared in relation to project goals or collaboration evaluations.

Theme 5: Re-connecting on a meta-level, on how reflection is affected by its context
Finally, some members started to reflect on how their academic environment affected their reflection.
Here, one PhD’er mentioned that reflection was often done by evaluating the progress made with the
coaching (assistant) professor. When doing this, topics such as well-being and emotions felt are being
discussed, however, in a relatively pragmatic manner (changing schedules for more rest, going to an
outsourced training, etc.) and not linked to the scientific practice evaluated.
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5.3. A re-iteration with literature and previous insights
Re-connecting yourself with different research contexts and people related to the theoret-
ical framework and knowledge transfer from research to implementation
The input session interpretation of re-connecting yourself as re-connecting with different research con-
texts, an ability gained through personal development during a scientific career (theme 1), can be easily
connected to the theoretical framework as composed for this thesis (Section 3.4). As a mental model
occurs when individuals interact with their environment, in order to manipulate the obtained experiences
mentally and consequently update cognitive simulations that belong to similar experiences (Adolphson,
2004; Seel, 2001), a mental model is shaped by contextual experiences and personal qualitative inter-
pretations (Reynolds et al., 1996). Here, a later stage in the scientific career can be seen as having had
more experience in the context of ’the academic discipline of biotechnology’, and, therefore, more ’ac-
curate’ simulations for similar experiences. The input session interpretation of re-connecting yourself
as recognizing yourself in others based on similar experiences can also be connected to the concept
of ’mental models’ updated with various experiences.

This interpretation of re-connecting yourself as recognizing yourself in others based on ’having had
similar experiences’ (theme 2) can also be evaluated from a social identity complexity perspective
(Section 3.4). The note that, when finding ’similar experiences’ is somewhat difficult, biotechnologists
often assume to have had specific similar experiences, which can be understood as the process of
categorization of the self and the other person in a particular ’Ingroup’. As prototypes represent average
similarities between members of the same ’Ingroup’, this categorization offers a direction to assume a
similar experience. However, since listening was indicated to be very important to change this assumed
to less strictly categorized identities, it could be said that a similar shift in ’openness-secrecy’ dynamics
as observed by De Maeijer et al. (2018) between academics and industry could also change the
power relationship between the expert and the layperson during the reconnecting process to improve
recognition ( De Maeijer et al., 2018).

Re-connecting and acknowledging distinctiveness fromdifferent perspectives can re-frame
the personal evaluation of inter- and transdisciplinarity
The input session notion that re-connection needs to have its limits as being distinctive is considered im-
portant as well (theme 3), can be linked to the continuous movement towards inter- and transdisciplinar-
ity as suggested by scholars (Section 3.2.2). Rafolds and Meyer (2008) illustrate this by suggesting
a conceptual framework aimed to ’capture’ inter- and transdisciplinarity, in the wider sense of knowl-
edge integration, by assessing the inter- and transdisciplinarity of published articles of bionanoscience
by combining two approaches: evaluating ’disciplinary diversity’ and ’changes in network coherence’.
They state that the knowledge integration process can be seen as ”a process in which previously differ-
ent and disconnected bodies of research become related”, which is characterized by both an increase
in diversity and a change (increase) in coherence. In their methods, they state that both top-down and
bottom-up perspectives need to be used, as both have their constraints in accurately describing the
diversity and coherence (on micro-, meso- or macro-level) (Rafols and Meyer, 2010).

Although this thesis acknowledges that the analysis of Rafolds and Meyer (2008) is focused on defining
the inter- and transdisciplinarity of research output, a similar method can be proposed to evaluate collab-
oration practices and mindsets suiting inter- and transdisciplinarity: The system or context participants
referred to in their reasoning when explaining their perceived similarity between ’the academic disci-
pline of biotechnology’ and ’the group trying to tackle the issue’ can be seen as a different perspective,
representing the bottom-up approach for perceived similarity, and concurrently as a top-down approach
for perceived dissimilarity. These perspectives are instrumental in evaluating the current state of ’ZEB’
on the continuum of inter- and transdisciplinarity (as discussed in Section 3.2.2).
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Figure 5.1: A re-introduction of one of the interview findings: Perceived (Dis)similarity and Contextual Influences. This
figure shows the participants’ perceptions of the similarity between ’the academic discipline of biotechnology’ and ’the group
trying to tackle the issue.’ The boxes along the vertical scale represent the reasoning steps initially introduced in Figure 4.16,
which span from ’holistic’ to ’reductionist.’ Color-coded boxes indicate the contextual references invoked by participants in
their explanations, and arrows connect reasoning steps to these references. Participants are grouped based on whether their
perception of both ’Ingroups’ were similar, dissimilar, or whether they were unsure about their perception of (dis)similarity. This
visualization provides a summary of how contextual influences impact participants’ evaluations of (dis)similarity between the
’Ingroups.’.

Here, it is important to mention that although the interviewed participants of ’ZEB’ indicated a certain
observation in bottom-up and top-down perspectives linked to similarity and dissimilarity, respectively,
these perspectives can result in different perceptions when different groups, at a different stage of mov-
ing towards inter- and transdisciplinarity, are evaluated (Figure 5.2). Thus, when groups are not defined
(as in the interviews), but assumed based on the categorization of the self and others, discussing the
’diversity’ and ’change in coherence’ can help re-frame the personal evaluation of inter- and transdis-
ciplinarity. This suggests that when talking about different ways of seeing coherence and diversity in
different ’holistic’ and ’reductionist’ contexts, conversation partners can trigger each other and induce
a reflection on the ways contexts influence their perspectives.

Re-connecting with different aspects of yourself, other than rationality, offers a universal
language
The input session interpretation of re-connecting yourself as re-connecting with different aspects of
yourself and the acknowledged disconnection between scientific reflection and emotions felt (themes
4 & 5) confirmed the need for a revolution in the praxis of learning through reflection: one with room for
both cognitive and affective processes (Burga et al., 2017; Lozano, 2014; Shrivastava, 2010).
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Figure 5.2: Different bottom-up or top-down perspectives result in different evaluations of ’diversity’ and the ’(change)
in coherence’, two concepts that are both needed to ’capture’ inter- and transdisciplinarity.

As explained by Strathern (2007), the language used to discuss how to move in the continuum of inter-
and transdisciplinarity is often limited by the language used, as practitioners need to use ’specialized
vocabularies’ that originate from personal disciplinary backgrounds. To transgress boundaries in com-
munication, ’boundary objects’ are suggested as useful: ”Something that holds different meanings in
different social worlds, yet is imbued with enough shared meaning to facilitate its translation across
those worlds” (Strathern, 2007).

To define the purpose of the tool, the idea of using boundary objects to communicate different ways
of seeing coherence and diversity in different ’holistic’ and ’reductionist’ contexts was connected to
the importance of involving emotions in reflective practice. Fajans (2006) proposes that the emotion
groups ’autonomy’ and ’relatedness’ are both critical for individual and (scientific) cultural practices, as
they can be seen as both parts of the mental model and the individual identity (the basis of the theo-
retical framework used in this thesis to elucidate contextual influences, Fajans, 2006). Inspired by this,
the respective emotion groups can be selected as the communicating language for the conversation
partners to trigger each other and induce reflection on the ways contexts influence their perspectives
(Figure 5.3).
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Figure 5.3: The dialectical relationship between the emotion groups ’autonomy’ and ’relatedness’ serves as an emotion
language to discuss different ways of seeing ’diversity’ and ’coherence’.

5.4. Insights for tool development
In conclusion, Phase 2 has yielded the following valuable insights that will guide the subsequent stage
of tool development, aimed at supporting the continuous cultivation of a ’holistic’ mindset within ’the
academic discipline of biotechnology’:

• The themed findings obtained from the input session underscored various aspects of ’re-connecting’
within the academic discipline of biotechnology. One notable takeaway from the discussion was
the recognition of the importance of distinctiveness within boundaries, emphasizing the need to
preserve individuality while fostering connections. This insight carried direct implications for the
development of a tool that promotes re-connection without compromising personal identity.

• The concept of boundary objects was introduced to facilitate communication across disciplinary
boundaries. This can inform the design of the tool, ensuring its capacity to bridge the gap between
different perspectives within the academic discipline of biotechnology.

• The role of emotions, particularly ’autonomy’ and ’relatedness,’ was considered as a universal
language to trigger reflective conversations. On the basis of this, the tool should incorporate
elements that engage these emotions, promoting meaningful interactions and discussions among
biotechnology professionals.
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Summary Chapter 5: Defining what can induce continuous
cultivation of a ’holistic’ mindset
Main take-away:

• The Phase described in this chapter involves divergent and convergent thinking to gain
new insights via an input session, combining previous findings with additional literature,
and defining the purpose of the tool.

• This phase has yielded the following final insights that will guide the subsequent stage of
tool development:

– The findings obtained from the input session underscored various aspects of ’re-
connecting’ within the academic discipline of biotechnology. One notable takeaway
from the discussion was the recognition of the importance of distinctiveness within
boundaries, emphasizing the need to preserve individuality while fostering connec-
tions. This insight carried direct implications for the development of a tool that pro-
motes re-connection without compromising personal identity.

– The concept of boundary objects was introduced to facilitate communication across
disciplinary boundaries. This can inform the design of the tool, ensuring its capacity
to bridge the gap between different perspectives within the academic discipline of
biotechnology.

– The role of emotions, particularly ’autonomy’ and ’relatedness,’ was considered as
a universal language to trigger reflective conversations. On the basis of this, the
tool should incorporate elements that engage these emotions, promoting meaningful
interactions and discussions among biotechnology professionals.

Link with Chapter 6:
• These insights will guide the development of the tool to support the cultivation of a ’holistic’
mindset in the academic discipline of biotechnology, which is described in Chapter 6.
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This chapter describes Phase 3, in which research continues to employ divergent and subsequent con-
vergent thinking, this time focusing on fine-tuning the purpose of the tool and designing the tool.

The primary objective is to assess how the tool, designed to support the continuous cultivation of a
’holistic’ mindset within the academic discipline of biotechnology, aligns with the specific needs and re-
quirements of the participants belonging to ’the academic discipline of biotechnology’. It aims to bridge
both these insights and the insights gained during Phase 2 together with the practical development of
a tool prototype. The overarching goal is to translate the theoretical foundations and ideas established
thus far into a tangible instrument that can effectively catalyze the cultivation of a ’holistic’ mindset
within the biotechnology academic community.

Doing so, this phase addresses the final research sub-question:

Q3: What tool can be used to support the cultivation of a more ’holistic’ mindset of members of the
academic discipline of biotechnology?

Phase 3 attempts to bring together the theoretical foundations, insights from previous phases, and the
practical implementation of a prototype tool. Through the tool design, it contributes to the overarching
research question (Q):

Q: How can members of the academic discipline of biotechnology be incited to continuously and
consciously cultivate a more ‘holistic’ mindset suiting inter- and transdisciplinarity?
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6.1. Methods: Input session and prototyping
To evaluate whether the purpose of the tool resonated with the needs of participants in ’the academic
discipline of biotechnology,’ several key design criteria were established. These design criteria were
formulated by the researcher based on the insights obtained at the end of Phase 2. They served as the
basis for the subsequent input session, helping to guide the development of the tool prototype. Then,
to gauge how well these design criteria and the purpose of the tool resonated with the specific needs
of participants from the ’the academic discipline of biotechnology’ and to gain new (diverging) insights,
an input session was conducted. To converge, design criteria were refined and a prototype tool was
made.

6.1.1. Design criteria and a ’decision narrative’
To evaluate whether the purpose of the tool resonated with the needs of participants in ’the academic
discipline of biotechnology,’ several key design criteria were established by the researcher:

1. Contextual Relevance: Building on the themed findings of Phase 2, which emphasized the
importance of ’re-connecting’ within ’the academic discipline of biotechnology’, the tool must be
contextually relevant. It should address the specific needs and challenges faced by academics
in the field while preserving individuality and fostering (inter- and transdisciplinary) connections.

2. Facilitation of Creative and Comfortable Discussion: The concept of ’boundary objects,’ in-
troduced in Phase 2, should inform the tool’s design. The tool should facilitate creative and
comfortable discussions, allowing participants to bridge the gap between different perspectives
within the academic discipline of biotechnology.

3. Integration of Personal Beliefs: Given the role of emotions, particularly ’autonomy’ and ’relat-
edness’, in the findings of Phase 2, the tool should allow participants to integrate their personal
beliefs and experiences into discussions. It should create a platform where personal experiences
and emotions can be openly discussed. When doing so, the tool design should acknowledge
the impact of contextual factors on shaping these individual beliefs, consistent with the insights
obtained in Phase 2.

These design criteria, directly drawn from the insights of Phase 2, were encapsulated in a comprehen-
sive ’decision narrative’ (Appendix F) that depicts a specific scenario for tool usage.

To evaluate whether these design criteria resonated with the needs of participants in ’the academic
discipline of biotechnology,’ they were captured in a ’decision narrative’ (Appendix F). The narrative
describes one possible situation to use the tool: when you are intrinsically motivated to start a con-
versation about ongoing inter- and transdisciplinary attempts during a group meeting. The narrative
emphasizes that, at the end of the meeting, the tool facilitated a process where both you and other
participants engaged in discussions, aiming to reach a shared ’consensus mindset’ suitable for tran-
scending current boundaries and initiating change, as outlined in the model presented in Chapter 3
(Section 3.4.2):

”The tool made both you and other people ‘recalibrate’ a consensus mindset suitable to transgress
current boundaries, combined with the underlying beliefs shaping it.”

Thus, in this narrative, the tool serves as a catalyst for achieving this collective change in mindset.

6.1.2. Input session: Probing the decision narrative
To evaluate how the purpose of the tool (captured in a ’decision narrative’) resonated with the needs
of participants of ’the academic discipline of biotechnology’, the ’decision narrative’ (Appendix F) was
probed through a second input session organized with three members (PhD’ers, postdocs and experi-
enced technicians) of the group ’Industrial Microbiology’ (IMB). The selection of three participants for
this session was based on their availability and interest, consistent with the approach taken in the pre-
vious chapter.
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The session lasted one hour and took place in a real-life setting, in a neutral meeting room at the TU
Delft. Participants were invited by email and informed that their participation constituted consent for
handwritten notes to be taken from their input, but no direct quotes were recorded.

The researcher’s role during the session was that of an active facilitator, characterized by the use of
nondirective probing questions to encourage thoughtful reflection and discourse and taking intensive
notes. The questions asked were facilitated by a PowerPoint slide.

During the probing session, members were briefly introduced to the starting point of this thesis: the nor-
mative claim that scientists tackling complex issues need to adapt their perspective on science towards
a more ’holistic’ one, accompanied by moving towards inter- and transdisciplinarity via continuous re-
flection (Section 1.4). After this, they were asked to take some time to read the decision narrative and
evaluate what it meant to them.

The following questions were then asked:

1. What did you think of the story?

2. Can you recognize yourself in the story?

3. Do you feel like you can initiate such an intervention about the mindset and beliefs described?

4. Do you think the described tool is useful in the context of research in the discipline of biotechnol-
ogy?

5. Would you like to use the tool in a meeting as described, in smaller interactions, or maybe even
on your own?

6. Do you think you can go ‘meta’ with this tool?

7. How would you envision this tool for yourself?

Per question, a discussion was held to discuss the various opinions and responses of the members in
relation to the decision narrative they had just read.

Notes were analyzed based onwhether they were in agreement with the first three design criteria. When
they were not in agreement or when they indicated additional design criteria, summarized findings are
presented in the next section of this thesis. This data analysis approach allowed for a comprehensive
understanding of how the decision narrative and the tool’s purpose resonated with the participants’
needs, as well as any potential insights that emerged during the session.

6.1.3. Tool design
To develop a tool that is not only intuitive for participants in the consortium ’ZEB’ (the case study) and
members of the ’Industrial Microbiology’ (IMB) group, but also for other academics of the discipline of
biotechnology, the tool prototyping steps were carried out using a co-design approach: a researcher
(student) developing a different tool as part of the Double Degree thesis for a similar context (’the
academic sub-discipline of nanobiology’) co-designed the tool for this thesis, and vice versa. Tool
prototyping was performed according to the three steps described in this section.

Step 1: Explicating the purpose of the tool
In the first step of tool prototyping, a collaborative effort was made to clearly articulate the purpose of
the tool. The process involved sharing a comprehensive summary of the research, including the main
findings up to that point. Together, convergent thinking was applied to define a precise and meaningful
purpose for the tool, aligning it with the research’s overarching goal of promoting a ’holistic’ mindset
within ’the academic discipline of biotechnology’.
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Step 2: Exploring shapes, textures, and colors
This step was crucial in ensuring that the tool’s design was not only visually appealing, but also intu-
itively meaningful for participants in ’the academic discipline of biotechnology.’ Various combinations
of shapes, textures, and colors were explored. The goal was to create a design that resonated with
the comfortable design criteria established earlier in the research. Shapes, textures, and colors were
evaluated in terms of their potential to facilitate creative and comfortable discussions and integrate per-
sonal beliefs and emotions into the tool’s usage. This step aimed to ensure that the tool’s design would
encourage open engagement and discussions among biotechnology professionals.

Step 3: Prototyping
The final step focused on prototyping. This involved brainstorming and experimenting with different
ideas and design elements. It was an opportunity to play around with concepts and configurations,
refining the tool’s design based on the insights gained in the earlier phases. The focus was on creating
a tangible tool prototype that effectively embodied the tool’s purpose and design criteria. This iterative
process allowed the development of a tool that not only addressed the specific needs of the case study
consortium ’ZEB’ and the group ’Industrial Microbiology’ (IMB) but also addressed a broader audience
within the academic discipline of biotechnology.
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6.2. Design process
6.2.1. Input session: Probing the decision narrative
The probing session yielded two key design criteria based on the insights of the participants:

Design Criterion 4: Support for Minor Interactions and Individual Use
After reading the narrative and discussing questions 1-5, various members indicated that although they
recognized themselves as intrinsically motivated to start a conversation about ongoing inter- and trans-
disciplinary attempts, they would often only do this in relatively small meetings. Instead, they preferred
smaller meetings or informal interactions to start a discussion.

Further discussion of this preference elucidated that members felt strongly they needed to know exactly
what they wanted to address about the mindset and inter- and transdisciplinary practice before using
the tool in interactions. They expressed that they were uncomfortable using a tool that made previous
experiences and emotions explicit before evaluating whether they wanted to share this in the different
contexts of their academic life. If the tool would do this, they would prefer to use it independently.

Design Criterion 5: Establishing a Common Ground
When discussing questions 6 and 7, various members indicated that they felt that they themselves
and their interacting partner would easily get lost when reflecting on the environment that influenced
their mindset in an interactive manner (meta-reflection), and that the tool would therefore require many
instructions. They agreed that meta-reflection was something they preferred to do on their own.

The members agreed that if the tool was going to be used in more minor interactions, the tool should
help you define and visualize a common ground when ’recalibrating’ the mindset of the interacting
partners. This way, it would not be too uncomfortable for them to initiate a conversation about mindset.

6.2.2. Tool design
Step 1: Explicating the tool’s purpose
Firstly, the main steps and insights of phase 1, phase 2 and the tool probing session were discussed.
As a result, the following purpose was explained:

The tool facilitates mutual learning about how the people using it associate aspects of each of their
mindsets in relation to inter- and transdisciplinarity, and why they do so, with an emphasis on their
contextual influences.

As explained in Phase 2 (Chapter 5), this mutual learning is facilitated by evaluating both the ’diversity’
and the ’coherence’ associated with these aspects, communicated via the emotion groups ’autonomy’
and ’relatedness’ as a boundary object. Communication through emotion translates the associations
to contextual influences. The principle of using these emotion groups instead of describing specific
emotions felt leaves room for the users to determine for themselves how much they want to share,
without losing the strength of the users re-connecting themselves with each other by recognizing them-
selves in the mindset-specific aspects introduced, or the feelings associated with it (a common ground).

As listening was indicated to be very important to prevent direct assumptions of strictly categorized
identities, and allow a shift in ’openness-secrecy’ dynamics, the tool’s purpose of facilitation is also
based on listening to each other (through an abstract emotion language) before an actual conversation
about mindset is held through words (a context-specific language).

As suggested, conversation partners can trigger each other in a cognitive-affective manner and induce
reflection on the ways contexts influence their perspectives. However, this reflective practice is not
directly part of the tool’s purpose. When participants are open to reflection when using the tool, it
can have this direct effect. However, it can also indirectly inspire people who use it to reflect more
comfortably outside of the interaction in which the tool is used.
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Step 2: Exploring shapes, textures and colors
The process of exploring shapes, textures and colors resulted in the following realizations:

• Circles or cylinders intuitively represented a system capturing emotions, i.e. cells of microorgan-
isms.

• The pink color intuitively represented emotions of ’relatedness’.

• The blue color intuitively represented emotions of ’autonomy’.

• When circles or cylinders can be positioned on top of each other, the order of doing so intuitively
represented the relevance of feelings associated, i.e. the core of cells (DNA) is more important
than the cell membrane.

Step 3: Prototyping
Using the insights of Steps 1 and 2, a prototype was designed for ’Out of Context’ (Figure 6.1, Figure
H.1).

Figure 6.1: The tool prototype: ’Out of Context’. Various possibilities for step 2 of the instructions are photographed.

This tool, ’Out of Context,’ is used according to the following instructions:

1. Person 1 writes down at least three aspects of the mindset linked to inter- and transdisciplinary
practice, on separate pieces of paper, without saying a word.

2. Person 2 responds by doing the following:

• Evaluating the emotions felt when reading the pieces of paper.
• Reorganizing the pieces of paper according to the emotions felt.
• Positioning one of the red circles (emotions of ’relatedness’) and one of the blue circles
(emotions of ’autonomy’) on the pieces of paper according to the emotions felt. The order of
positioning red and blue is up to person 2.

3. The conversation starts.

After this, the roles of both persons can be switched.
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Summary Chapter 6: Tool design
Main take-away:

• Phase 3 focuses on designing a tool to promote the continuous cultivation of a ’holistic’
mindset within the academic discipline of biotechnology.

• The methods for this study consisted of the following:

– Step 1: Explicating the purpose of the tool: This step involves clarifying the pre-
cise purpose of the tool, focusing on mutual learning about the associations of mind-
set related to inter- and transdisciplinarity, contextual influences, and emotions. The
purpose of the tool is built on the findings of Phase 2 and the insights obtained from
the input session. The design criteria ’Contextual relevance’, ’Facilitation of Creative
and Comfortable Discussion’ and ’Integration of Personal Beliefs’ were established
by the researcher. To evaluate whether these criteria resonated with the needs of
participants in the academic discipline of biotechnology, they were captured in a ’de-
cision narrative’.

– Step 2: Exploring shapes, textures, and colors: During this phase, various visual
elements, such as circles, colors, and textures, are explored to design a tool that
intuitively represents emotions, autonomy, and relatedness.

– Step 3: Prototyping: The final step focuses on the actual design and prototyping of
the tool, translating the purpose and design criteria into a tangible instrument.

• The input session led to two additional design criteria:

– Design Criterion 4: Support for Minor Interactions and Individual Use: Partici-
pants expressed a preference for using the tool in smaller meetings or informal inter-
actions, emphasizing the need to know exactly what they wanted to address about
their mindset and inter- and transdisciplinary practice.

– Design Criterion 5: Establishing a Common Ground: Participants suggested that
the tool should help define and visualize a common ground when ’recalibrating’ mind-
sets during minor interactions to make conversations about mindset more comfort-
able.

• From this, the following was designed:

– ’Out of Context’ is the prototype tool designed to facilitate mutual learning about mind-
set associations with inter- and transdisciplinarity and contextual influences. It in-
volves a simple process in which people write down aspects of their mindset, eval-
uate emotions related to these aspects, and engage in a conversation about them,
using circles and colors to represent the emotions and ’autonomy’ and ’relatedness’.

Link with Chapter 7:
• Chapter 7 is dedicated to the validation of the ’Out of Context’ prototype tool.



7
Tool validation

This chapter is dedicated to the validation of ’Out of Context,’ the developed tool, where the effective-
ness and user-friendliness among members of ’the academic discipline of biotechnology’ are assessed.
Building on the findings and design process outlined in the previous chapter, the focus now shifts to
the practical evaluation and validation of the tool. The primary objective is to ascertain whether ’Out of
Context’ effectively serves its intended purpose - i.e. facilitating mutual learning about how individuals
associate aspects of their mindsets in relation to inter- and transdisciplinarity -, emphasizing their con-
textual influences, and whether it resonates with members of ’the academic discipline of biotechnology.’

This validation process aims to bridge the gap between theoretical design and real-world usability,
focusing on the readiness of the tool for practical implementation. Through this process, research sub-
question 3 (Q3) is addressed and, in turn, the overarching research question (Q) is responded to:

Q3: What tool can be used to support the cultivation of a more ’holistic’ mindset of members of the
academic discipline of biotechnology?

Q: How can members of the academic discipline of biotechnology be incited to continuously and
consciously cultivate a more ‘holistic’ mindset suiting inter- and transdisciplinarity?
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7.1. Validation approach
To validate whether the tool served the purpose stated and whether it was intuitive to use for members
of ’the academic discipline of biotechnology’, two tool validation sessions, each lasting 1 hour, were or-
ganized with members (PhD’ers, postdocs, and experienced technicians) of the ’Industrial Microbiology’
(IMB) group. The selection of members participating in these sessions was based on their availability
and interest in using a tool for the cultivation of a ’holistic’ mindset. Three members participated in the
first session, while two members participated in the second session.

The tool’s instructions and questions asked were facilitated by PowerPoint slides, and the sessions
took place in a real-life setting, in a neutral meeting room at the TU Delft. Participants were invited by
email and informed that their participation constituted consent for handwritten notes to be taken from
their input, but no direct quotes were recorded. The notes were analyzed based on direct responses
of the participants to the questions asked. In addition, all points of improvement given are described in
this chapter of the thesis.

During both validation sessions, members were briefly introduced to the starting point of this thesis:
the normative claim that scientists tackling complex issues need to adapt their perspective on science
towards a more ’holistic’ one, accompanied by moving towards inter- and transdisciplinarity via contin-
uous reflection. Following this introduction, the members were presented with the tool prototype and
provided with detailed instructions on its use. Subsequently, they were tasked with engaging in discus-
sions about mindsets that are conducive to inter- and transdisciplinarity using the tool.

Throughout this phase of the tool validation sessions, the researcher played a purely observational role
after the initial introduction. Notes were taken to capture the reactions, thoughts, and behaviors of the
participants at specific points during the use of the tool.

To systematically assess the effectiveness and adherence of the tool to the design criteria, a set of
questions were initially posed to the participants. These questions aimed to verify whether the tool
fulfilled the five design criteria established for it:

1. Did the tool exhibit contextual relevance within the academic discipline of biotechnology?

2. Was the tool successful in facilitating creative and comfortable discussions among participants?

3. Did the tool effectively integrate personal beliefs and experiences into the discussions?

4. Is the tool applicable to facilitate discussion in minor interactions in the academic discipline of
biotechnology?

5. Did the tool assist in establishing a common ground when recalibrating mindsets during the dis-
cussion?

Furthermore, members were encouraged to provide direct feedback at the conclusion of each validation
session, allowing them to express their impressions, opinions, and suggestions about the tool openly.
Additionally, based on the detailed notes taken during the sessions, the researchers asked follow-up
questions to gain deeper insights into the participants’ experiences and perspectives. This comprehen-
sive approach ensured a thorough examination of the tool’s performance and its alignment with the
research objectives. Finally, with permission to present their own words in this thesis, they were asked
to send an email explaining their impression of using the tool.
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7.2. Insights of the tool validation
All participants consistently and positively responded to the questions designed to test the alignment
of the tool with the established design criteria. These responses affirmed the tool’s effectiveness in
meeting the criteria and its potential to support the cultivation of a ’holistic’ mindset within the academic
discipline of biotechnology.

As explained, members were also asked to give direct feedback after the initial questions were asked.
In general, their feedback was positive. Here, some points are worth mentioning:

• Members noted that, after getting used to using the tool, they quickly started to relate to the red
and blue circles or cylinders as something that represented their emotions;

• Increasing the circles’ or cylinders’ transparency would improve the tool, as it would enable the
users to read still the mindset aspects written on the pieces of paper after the circles or cylinders
are positioned on top of it;

• Members were very positive about the roles of person 1 and person 2 of the tool, as extroverted
people who generally dominate conversations (the role of person 1) are forced only to write and
first listen to the response of the other (person 2);

• Members suggested improving the tool’s instructions by adding a note that the topic of discussion,
i.e. the mindset, should be connected to the past, present or future.

In addition, members were asked to reflect on their experience with the tool and, voluntarily, send
an email with their feedback after reflection to use anonymously in this report. This feedback (after re-
flection) was generally positive and indicated that the tool served its purpose (Appendix G). To illustrate:

”I think the game is very useful, as it made me contemplate about my approach to research and that,
although I work closely with my colleague, we actually do not fully agree on certain aspects. The game
made us realize this and sparked a conversation about how we could improve this. I can recommend
the tool, it’s simple but well thought out.”

As these feedback points were considered valuable, they are all processed in the final manual (Ap-
pendix H), or recommended to be processed in the final tool design.
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Discussion

This thesis started with the normative claim that scientists who tackle complex issues need to adapt
their perspective on science to a more ’holistic’ one, accompanied by moving toward inter- and trans-
disciplinarity through continuous reflection. It evaluated current attempts to do so, connected to the
cultivation of a more ’holistic’ mindset that suits this, from a social constructivism point of view, focused
on the contextual influences of ’the academic discipline of biotechnology’.

In the first phase, a social science methodology was developed to explore the concept of mindset as a
collection of individual and collective beliefs expressed by interviewed participants in the context of inter-
and transdisciplinary practice. This exploration utilized a theoretical framework that encompassed a
mental model perspective, theories related to social identity (complexity), cognitive dissonance, and
the theory of learning through reflection. The research delved into the contextual influences on partici-
pants’ current mindsets and their reflective practices for cultivating a more ’holistic’ mindset.

Phase 1 findings highlight the profound influence of ’the academic discipline of biotechnology’ on partic-
ipants’ mindsets. Diverse perspectives emerged regarding their research’s connection to the ’technical
implementation group.’ These perspectives emphasized the varying impact of ’holistic’ contexts on
mindset-specific beliefs, particularly social inclusion. The participants predominantly leaned towards
rational approaches in problem solving. Reflective practices revealed the multifaceted nature of fos-
tering a ’holistic’ mindset, marked by cognitive and affective processes, alongside a recognition of
’embeddedness’ in the academic landscape. Consequently, the core concept of cultivating a more
’holistic’ mindset in academics within the consortium studied was defined as ”Re-connecting yourself”.

8.1. Findings related to research sub-question 2
Based on the essence defined in phase 1, the divergent and convergent thinking of phase 2 employed
a combination of methodologies to gather insights on the factors that can stimulate the continuous and
conscious cultivation of a ’holistic’ mindset among members of the academic discipline of biotechnol-
ogy. This phase aimed to answer the following research sub-question:

Q2: ”According to members of the academic discipline of biotechnology, what can induce the con-
tinuous and conscious cultivation of a more ’holistic’ mindset?”

During the input session, several themes emerged that shed light on the multifaceted nature of ’re-
connecting’ within the broader context of the academic discipline of biotechnology. These themes
encompassed diverse aspects of re-connecting, including reconnecting with different research con-
texts, with fellow professionals, with one’s own distinctiveness, with diverse aspects of oneself beyond
rationality, and on a meta-level by considering how the academic environment influences reflective
practices.
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From the reiteration process with additional literature and previous insights from phase 1, insights for
tool development were derived. These insights focused on the importance of preserving individuality
within defined boundaries and facilitating communication through ’boundary objects.’ Additionally, they
highlighted the role of emotions, specifically ’autonomy’ and ’relatedness,’ as a universal language
for stimulating reflective conversations. These insights served as initial design criteria for designing
a tool that fosters the continuous cultivation of a ’holistic’ mindset within the academic discipline of
biotechnology, promoting individuality, effective communication, and emotional engagement among
professionals.

8.1.1. Reflecting on methodology
A quantitative approach to broaden the context of research
As explained, the methodology employed in phase 2 - i.e. input session followed by an explorative
literature search informed by the findings of the input session - aimed to extend the research scope be-
yond the confines of the consortium context explored in phase 1. In retrospect, considering the broader
academic discipline of biotechnology, alternative approaches are worth considering. One potential av-
enue is a quantitative research design, which could offer a more generalized perspective. However, it
is important to acknowledge that the input session conducted during this phase allowed participants to
interact and respond to one another’s viewpoints. This interactive element was a valuable aspect of the
methodology, suggesting that focus groups or additional input sessions may also be valuable in future
research endeavors. An alternative strategy might involve beginning with a quantitative approach to
gather initial insights and then conducting focus groups to further explore and refine the findings, thus
ensuring a comprehensive understanding of the research context.

Steering Literature Search and Potential Bias
In addition, the input session, which involved only four participants, played a pivotal role in steering
the explorative literature search approach conducted in this phase. This raises considerations about
the methodology’s potential limitations. For instance, it can be argued that a quantitative research ap-
proach, as mentioned earlier, could have been better suited to guide the literature search for reiteration.
Alternatively, an indirect quantitative approach could have been used, wherein the findings of a quan-
titative study were used as a foundation for input session discussions that subsequently informed the
literature review.

Minimizing Researcher Bias in Literature Selection
Finally, reflecting on the methodology used in this phase, it is important to address the potential for re-
searcher bias when selecting relevant literature, as the process of deciding which literature to include
in the study could be susceptible to subjective judgment. To mitigate this bias, an alternative approach
might involve involving a third researcher or collaborator, such as the other (student) researcher de-
veloping a different tool as parts of the Double Degree thesis for a similar (nanobiology) context, in
the literature selection process. This approach would have reduced the impact of individual biases,
ensuring a more objective selection of the literature that aligns with the research objectives.

8.2. Findings related to research sub-question 3
In phase 3, design-based research progressed toward the development and implementation of a tool
aimed at cultivating a ’holistic’ mindset within the academic discipline of biotechnology. This phase
sought to address the following research sub-question:

Q3: ”What tool can be used to support the cultivation of a more ’holistic’ mindset of members of the
academic discipline of biotechnology?”

In response to this sub-question, a prototype tool was made. This prototype drew upon the insights
gathered from phases 1 and 2, capturing the essence of ’re-connecting’ within the academic discipline of
biotechnology. The tool was designed as a facilitator and was designed to respect individuality, improve
communication, and engage the emotional dimensions of academic professionals. It was envisaged
as a catalyst for change, fostering a ’holistic’ mindset by promoting reflection, adaptability, and a sense
of interconnectedness within and outside of the academic context.
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8.2.1. Reflecting on methodology
Confirmation of appropriateness of first three design criteria
The methodology for this phase was grounded in a collaborative approach, with a key input session
conducted to gather feedback and refine the tool’s design criteria. During this input session, the partic-
ipants provided valuable insights that mainly contributed to the formulation of additional design criteria,
numbered 4 and 5. The first three design criteria were found to resonate with participants, emphasizing
the importance of preserving individuality and facilitating effective communication. However, in retro-
spect, it could have been beneficial to explicitly seek participants’ agreement on these design criteria,
ensuring alignment with their perspectives.

Selection of fellow researchers for the tool design process
Moreover, it is noteworthy that the tool design process was carried out collaboratively with a fellow re-
searcher. This collaborative approach was intentional and aimed at minimizing the potential contextual
biases of subgroups within the academic discipline of biotechnology. However, it should be acknowl-
edged that both researchers were acquainted and shared a common academic background within the
relatively small CDI group. In hindsight, involving an external expert with a design background, unaf-
filiated with the CDI context, could have enriched the tool development process by introducing fresh
perspectives and mitigating potential contextual biases.

8.3. Reflecting on the theoretical framework of Phase 1
8.3.1. Social identity complexity
With the information gathered from the subsequent phases of this investigation, it is valuable to re-
examine the theoretical framework that underpinned phase 1. As this theoretical framework, influenced
by the perspective of social identity complexity, served as inspiration for this thesis’ model for initiating
change, it was woven throughout the entirety of the research. Therefore, it is important to critically
reflect on whether various ’Ingroups’ indeed hold the capacity to influence the ”overall” social identity of
academics in the discipline of biotechnology, or whether the disciplinary environment primarily shapes
their social identity. Notably, the current academic literature generally lacks a strong focus on aca-
demics’ professional identity and its role in the realm of inter- and transdisciplinarity. However, Bentley
et al. (2019), in their exploration of ”academic identity construction among doctoral students,” found
that:

”participants who were able to access multiple identity resources were more likely to perceive a
navigable pathway to a future professional self (e.g., as an academic), unless they perceived these
identities to be incompatible with those held by leading members of the profession (e.g., their supervi-
sors).” (Bentley et al., 2019)

This finding suggests that the social identity complexity perspective, which this thesis has used, could
indeed offer relevance in the evaluation of inter- and transdisciplinary approaches.

However, it is important to acknowledge that, with the limited existing literature utilizing this specific
theoretical lens based on social identity complexity rather than traditional social identity theory, its true
applicability remains to be confirmed through future research endeavors. As this research stands as
an innovative exploration of the link between social identity complexity and inter- and transdisciplinary
mindsets, it can serve as a source of inspiration for further investigations in this evolving field.

8.3.2. An alternative theoretical framework with motivational theories
In the second phase of this research, the significance of discussing ’diversity’ and ’change in coherence’
emerged as key factors for re-framing personal evaluations of inter- and transdisciplinarity. When
considering the use of an emotion-based language as boundary objects in these discussions, two
specific emotion groups, ’autonomy’ and ’relatedness,’ were selected to facilitate conversations among
participants. In doing so, participants could be encouraged to (unconsciously) reflect on how contextual
influences shape their perspectives on inter- and transdisciplinarity.
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However, it’s important to note that the concepts of ’autonomy’ and ’relatedness’ are not unique to this
study; they are well-established components of motivational theories found in existing literature. Given
this, it is worth reflecting on whether adopting motivational theories as the foundation for our theoretical
framework could have provided similar insights more efficiently. While predicting the precise outcomes
of an alternative theoretical lens is speculative, it is essential to consider the implications of this choice.

For instance, motivational theories such as Self-Determination Theory (SDT) are built around concepts
such as ’autonomy’, ’relatedness’, and ’competence’. These theories offer a comprehensive framework
for understanding human motivation, suggesting that individuals are driven by innate psychological
needs for autonomy (the need to make choices and be in control), relatedness (the need to connect
with others), and competence (the need to feel capable and effective) (Ryan and Deci, 2000). In con-
trast to the social identity (complexity) perspective, which assumes that contextual influences are not
consciously experienced, SDT proposes that individuals actively seek environments that support their
basic psychological needs, implying a conscious awareness of these influences.

This leads to the following question that is central to this thesis: Are contextual influences of motivational
factors like autonomy and relatedness consciously experienced by members of academic participants
in biotechnology, or would a theoretical framework based on motivational theories lead to a comparable
interview setup and data analysis to indirectly deduce contextual influences? This critical reflection
highlights the choices made in shaping the research perspective and the unique contributions that the
social identity (complexity) perspective brings to understanding inter- and transdisciplinary mindsets.

8.4. Reflecting on the research and tool’s relevance
8.4.1. About the tool
In the third diamond (Phase 3, Chapter 6), a tool (’Out of Context!’) was developed with the following
purpose:

”The tool facilitates mutual learning about how the people using it associate aspects of each of their
mindsets in relation to inter- and transdisciplinarity, and why they do so.”

Using the tool, conversation partners can trigger each other in a cognitive-affective manner, and induce
a reflection on the ways contexts influence their perspectives. However, since the input of the ’decision
narrative’ probing session indicated that academics were uncomfortable using a tool that made previ-
ous experiences and emotions explicit before they had evaluated whether they wanted to share this in
the different contexts of their academic life, this reflective practice is not a direct part of the purpose of
the tool. When users are open to reflection when using the tool, it can have this direct effect. However,
it can also indirectly inspire people who use it to reflect more comfortably outside of the interaction in
which the tool is used.

Here, it is essential to recognize that the purpose of the tool does not inherently impose or spark
reflection in an extrinsic manner. Instead, users must have the motivation and willingness to reflect.
Therefore, to fully utilize the tool’s potential for reflection, users must be encouraged to approach it
while embracing the opportunity for self-reflection. By fostering an intrinsic motivation for reflection,
the ’Out of Context!’ tool can effectively contribute to cultivating a more ’holistic’ mindset and promote
meaningful discussions on inter- and transdisciplinarity. Here, it is important to note that this thesis did
not specifically focus on assessing whether biotechnology professionals are intrinsically motivated to
reflect on how contextual influences impact their perspectives. Future research endeavors may delve
into this aspect, examining the level of motivation among biotechnology professionals to engage in
such reflective practices and how tools like ’Out of Context!’ can be tailored to suit their needs.
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8.4.2. About the tool’s validated relevance
As elaborately explained in this thesis report, specifying the process of tool development was done
by diverging and converging with experiences from the researcher herself (technical thesis) and other
academics of ’the discipline of biotechnology (participants of the ’ZEB’, members of IMB, and a (stu-
dent) researcher developing a different tool as part of the Double Degree thesis). As the tool validation
was done with tool users that originated from the same academic groups, it must be noted that the
validation did not fully test whether the tool was useful and intuitive to use for other general members of
the academic discipline of biotechnology.’ Although the validation provided valuable information within
the specific academic context, future research efforts could expand the validation process to include
a more diverse set of participants representing the broader academic discipline. This would allow for
a more comprehensive assessment of the tool’s usability and relevance beyond the confines of the
specific groups involved in this study.
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Conclusion

This thesis started with the normative claim that scientists who tackle complex issues need to adapt
their perspective on science to a more ’holistic’ one, accompanied by moving toward inter- and trans-
disciplinarity through continuous reflection. It evaluated current attempts to do so, connected to the
cultivation of a more ’holistic’ mindset that suits this, from a social constructivism point of view, focused
on the contextual influences of ’the academic discipline of biotechnology’.

By using a mixed method design-based research approach (triple diamond model), three subsequent
phases of divergence and convergence were executed: by translating the normative starting point to
the essence of what is required to ’move towards inter- and transdisciplinarity’ (first diamond); by trans-
lating the essence into insights for tool development (second diamond); and translating these insights
to a tool prototype design (third diamond).

In the first phase, insights into the underlying mindsets of academics in the discipline of biotechnology
and their engagement with inter- and transdisciplinary approaches were gained through qualitative in-
terviews and in-dept analysis. The core concept of ”Re-connecting yourself” emerged as a means to
cultivate a more ’holistic’ mindset within this academic discipline.

These insights were reiterated in the second phase, focusing on defining the factors that can contin-
uously cultivate a ’holistic’ mindset within the academic discipline of biotechnology. This resulted in
three key findings: Firstly, the importance of preserving individuality while fostering connections within
the academic discipline became apparent, emphasizing the need to create a tool that promotes ’re-
connection’ without compromising personal identity. Second, the concept of boundary objects, which
facilitate communication across disciplinary boundaries, emerged as a valuable guiding principle for
tool design, ensuring that it bridges gaps between various perspectives within biotechnology. Third,
emotions, particularly ’autonomy’ and’relatedness’, were identified as universal triggers for reflective
conversations. These insights indicated that the tool design should incorporate elements that engage
these emotions, promoting meaningful interactions among biotechnology professionals.

In the third phase, these findings in addition to more input were processed into five design criteria
for a tool designed to facilitate cognitive-affective reflection: Contextual Relevance, Facilitation of Cre-
ative and Comfortable Discussion, Integration of Personal Beliefs, Support for Minor Interactions and
Individual Use, and Establishing a Common Ground. Using these criteria, the ’Out of Context!’ tool
prototype was designed, whose objective was to facilitate the continuous development of a ’holistic’
mindset and support interdisciplinary practices among biotechnology professionals. However, it was
evident that intrinsic motivation for reflection is crucial for the tool’s efficacy. The willingness to engage
in self-reflection remains with the individuals themselves.
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In conclusion, the findings of this thesis have illuminated the intricate relationship between mindsets,
contextual influences, and inter- and transdisciplinary practices within the academic discipline of biotech-
nology. The initial normative claim, advocating for a ’holistic’ perspective and continuous reflection,
remains not only relevant but also more precisely defined. Alltogether, this research serves as a foun-
dation, inviting further exploration into the conscious experiences of contextual influences and the moti-
vational aspects driving academic professionals to reflect on their inter- and transdisciplinary practices.
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Outlook

The research performed for this thesis indicates two recommendations as outlooks to discuss.

Reporting constructive (re-)defining of inter- and transdisciplinarity
This research provides a relatively unique approach to studying the current academic transition towards
inter- and transdisciplinarity: it evaluates this transition, connected to the cultivation of a more ’holistic’
mindset, from a social constructivism point of view. It has shown that studying participants’ experiences
attempting to practice inter- and transdisciplinarity can provide valuable insights concerning what it
means to bridge theory and practice. Therefore, it is recommended for practitioners to report more
about their experiences and respond to the reports of others.

Tool recommendation
The tool developed via this thesis offers a new, sustainable way for its users to learn how and why
they and their discussion partners associate aspects of their mindsets in relation to inter- and transdis-
ciplinarity. However, to use it, academics in the discipline of biotechnology need to be aware of the
existence of the tool and be convinced about its contribution. To achieve this, the tool must initially be
recommended to academics who have a leadership role (PIs, professors, etc.) in biotechnological re-
search with an (applied) societal purpose. Of course, before recommendations can happen, the tool’s
contribution to discussions about the ’holistic’ mindset must be evaluated more extensively.
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Reflection

Interest in ’Holistic’ Thinking:
The topic of this thesis aligns closely with my personal interests. I have always wondered why research
in biotechnology tends to be relatively compartmentalized, with a focus on well-defined boundaries. My
education in biotechnology rarely explored the idea of zooming out or addressing the complexities of a
broader context. Conducting this research has revealed that the motivation to zoom out and embrace
’holistic’ thinking is not widespread in the context of biotechnology. However, it has also shown that
there are people who share my curiosity and interest in navigating this uncharted territory. They are
still exploring how to integrate these perspectives into their careers, just as I am.

Challenges of Combining Research Projects:
Combining this research with a technical thesis was challenging. One of the difficulties I encountered
was articulating the insights gained from the experiences of the technical thesis within the context of
this research, as the technical work was subject to confidentiality constraints. Additionally, balancing
time and effort between both projects and switching between relatively reductionist thinking and ’holistic’
thinking presented its own set of challenges. Yet, this experience has underscored the importance of
bridging the gap between reductionism and holism, ultimately, at least for me, emphasizing the need
for more ’holistic’ perspectives in biotechnology and beyond.

Conceptualization and Operationalization:
This research was based on a specific conceptualization and operationalization of the abstract and
nontangible concept of mindset in relation to various interpretations of inter- and transdisciplinarity and
’holistic’ science. As a result, it was challenging to achieve a suitable conceptualization and opera-
tionalization to study mindset. Looking back at the results, it becomes evident that conceptualization
and operationalization were appropriate and yielded valuable insights. However, it also required much
interpretation by the researcher performing the data analysis. Upon reflection, the experience of doing
this thesis sparks curiosity about alternative approaches to conceptualization and operationalization
utilized in different fields.

Embracing ’Holistic’ Thinking:
As indicated, the foundation of this thesis was built upon the normative claim that scientists attempting
to tackle complex societal issues ought to adapt their perspective on science towards a more ’holis-
tic’ approach, accompanied by a transition towards inter- and transdisciplinarity through continuous
reflection. Through the experiences gained during this research, it became evident that individuals
often resist this notion, mistakenly believing that they must constantly possess a ’holistic’ perspective.
However, their enthusiasm for embracing this transition grew when they realized that they could con-
structively shape their approach. This insight led to reflection on the role of science communicators
in this transition and emphasized the value of highlighting the constructive aspect when persuading
academics to embark on this journey.
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Developing a Tool for ’Holistic’ Thinking:
This research resulted in a notable observation regarding the divergent perspectives on inter- and trans-
disciplinarity among professionals. Surprisingly, for academics other than the interviewed participants
of the case study, there was a lack of inclination to engage in discussions about these disparities: they
seemed intimidated by the complications of discussing vaguely determined concepts. Therefore, it
was satisfying to develop a tool that encourages individuals to think more ’holistically’, even without
requiring them to explicitly delve into the intricacies of inter- and transdisciplinarity. This realization
has been a gratifying outcome of the technical thesis, as it indicates that people are more willing to
embrace ’holistic’ thinking when it is not presented as an abstract and daunting concept. Instead, the
tool fosters ’holistic’ insights through a more accessible pathway, focusing on the broader scope of
science, tackling complex problems, and fostering collaboration with fellow researchers.



12
Acknowledgements

I express my sincere gratitude to the following individuals and groups for their invaluable contributions
to the completion of my thesis:

First and foremost, I extend my heartfelt thanks to Éva Kalmár, my first supervisor. I am deeply grateful
for the unwavering support and insightful guidance provided during our regular meetings.

I would also like to extend my gratitude to Caroline Wehrmann and Marieke Klijn for their crucial roles
as members of my thesis committee. Their feedback during the official Green Light moment was in-
strumental in shaping this research.

I am grateful to all the members of ’The Towards Zero-Emission Biotechnology Consortium’ for their
willingness to participate in interviews, which significantly enriched the quality of my work.

Last but not least, I wish to thank the research group of ’Industrial Microbiology’ for their flexibility and
the inspiration they provided throughout my Double Degree Thesis journey. Their participation in the
input sessions was invaluable to my research.

121



Bibliography

Abrams, D. (2010). Social Identity and Self-Categorization Development of subjective group dynamics
View project Arts and Prosocial Motivation View project (tech. rep.). https://www.researchgate.
net/publication/314120308

Abrams, D., & Hogg, M. A. (1988).Comments on the motivational status of self-esteem in social identity
and intergroup discrimination (tech. rep.).

Adolphson, D. L. (2004). A New Perspective on Ethics, Ecology, and Economics (tech. rep.).
Augsburg, T. (2014). Becoming transdisciplinary: The emergence of the transdisciplinary individual.

World Futures, 70(3-4), 233–247. https://doi.org/10.1080/02604027.2014.934639
Barbrook-Johnson, P., & Penn, A. S. (2022). Systems Mapping How to build and use causal models of

systems (tech. rep.). https://gum.co/systemdiagrams
Benedikter, R., Giordano, J., & Fitzgerald, K. (2010). The future of the self-image of the human being

in the Age of Transhumanism, Neurotechnology and Global Transition. Futures, 42(10), 1102–
1109. https://doi.org/10.1016/j.futures.2010.08.010

Bentley, S. V., Peters, K., Haslam, S. A., & Greenaway, K. H. (2019). Construction at work: Multi-
ple identities scaffold professional identity development in academia. Frontiers in Psychology,
10(MAR). https://doi.org/10.3389/fpsyg.2019.00628

Binder, C. R., Absenger-Helmli, I., & Schilling, T. (2015). The reality of transdisciplinarity: a framework-
based self-reflection from science and practice leaders. Sustainability Science, 10(4), 545–562.
https://doi.org/10.1007/s11625-015-0328-2

Böschen, S., Kastenhofer, K., Rust, I., Soentgen, J., & Wehling, P. (2010). Scientific Nonknowledge
and Its Political Dynamics: The Cases of Agri-Biotechnology and Mobile Phoning. Science
Technology and Human Values, 35(6), 783–811. https://doi.org/10.1177/0162243909357911

Brewer, M. B., & Pierce, K. P. (2005). Social identity complexity and outgroup tolerance. Personality
and Social Psychology Bulletin, 31(3), 428–437. https://doi.org/10.1177/0146167204271710

Broo, D. G. (2022). Transdisciplinarity and three mindsets for sustainability in the age of cyber-physical
systems. Journal of Industrial Information Integration, 27. https://doi.org/10.1016/j.jii .2021.
100290

Brown, V. A. (2015). Utopian thinking and the collective mind: Beyond transdisciplinarity. Futures, 65,
209–216. https://doi.org/10.1016/j.futures.2014.11.004

Bruhn, T., Meier, S., & Lawrence, M. G. (2022). Interactive network visualization on the integration of
mindsets and sustainability–creating conditions for emergence through a relational narrative.
Innovation: The European Journal of Social Science Research. https : / / doi . org / 10 . 1080 /
13511610.2022.2101987

Burga, R., Leblanc, J., & Rezania, D. (2017). Analysing the effects of teaching approach on engage-
ment, satisfaction and future time perspective among students in a course on CSR. Interna-
tional Journal of Management Education, 15(2), 306–317. https://doi.org/10.1016/j.ijme.2017.
02.003

Campbell, C. A. (1950). Towards a Definition of Belief (tech. rep. No. 68). https://about.jstor.org/terms
Carmen, M. (2021). Analysis on disciplines integration challenges for conducting research projects in

biotechnologies (tech. rep.). www.jesi.astr.roTechnology
Christensen, J., Ekelund, N., Melin, M., & Widén, P. (2021). The beautiful risk of collaborative and

interdisciplinary research. A challenging collaborative and critical approach toward sustainable
learning processes in academic profession. Sustainability (Switzerland), 13(9). https://doi.org/
10.3390/su13094723

da Costa, L. d. S. G. M. (2022). HPTD-M: The Holopraxis Transdisciplinary Management Theory Com-
munication and Mindsets as the Applied Main Example. Transdisciplinary Journal of Engineer-
ing and Science, 13, 117–139. https://doi.org/10.22545/2022/00175

De Maeijer, E., Van Hout, T., Weggeman, M., & Post, G. (2018). Tread Carefully: Managing Identi-
ties and Expectations in High-Tech Industry–Academia Collaborations. Technology Innovation
Management Review, 8(10), 29–43. https://doi.org/10.22215/timreview/1191

122

https://www.researchgate.net/publication/314120308
https://www.researchgate.net/publication/314120308
https://doi.org/10.1080/02604027.2014.934639
https://gum.co/systemdiagrams
https://doi.org/10.1016/j.futures.2010.08.010
https://doi.org/10.3389/fpsyg.2019.00628
https://doi.org/10.1007/s11625-015-0328-2
https://doi.org/10.1177/0162243909357911
https://doi.org/10.1177/0146167204271710
https://doi.org/10.1016/j.jii.2021.100290
https://doi.org/10.1016/j.jii.2021.100290
https://doi.org/10.1016/j.futures.2014.11.004
https://doi.org/10.1080/13511610.2022.2101987
https://doi.org/10.1080/13511610.2022.2101987
https://doi.org/10.1016/j.ijme.2017.02.003
https://doi.org/10.1016/j.ijme.2017.02.003
https://about.jstor.org/terms
www.jesi.astr.roTechnology
https://doi.org/10.3390/su13094723
https://doi.org/10.3390/su13094723
https://doi.org/10.22545/2022/00175
https://doi.org/10.22215/timreview/1191


Bibliography 123

del Valle García Carreño, I. (2014). Theory of Connectivity as an Emergent Solution to Innovative
Learning Strategies. American Journal of Educational Research, 2(2), 107–116. https: / /doi .
org/10.12691/education-2-2-7

Elpiniki I. Papageorgiou. (2014). Fuzzy Cognitive Maps for Applied Sciences and Engineering (E. I.
Papageorgiou, Ed.; Vol. 54). Springer Berlin Heidelberg. https://doi.org/10.1007/978-3-642-
39739-4

Fajans, J. (2006). Autonomy and relatedness: Emotions and the tension between individuality and so-
ciality. Critique of Anthropology, 26(1), 103–119. https://doi.org/10.1177/0308275X06061486

Fonseca Albuquerque Cavalcanti Sigahi, T., & Sznelwar, L. (2021). Exploring applications of complexity
theory in engineering education research: A systematic literature review. Journal of Engineering
Education.

French, R. P. (2016). The fuzziness of mindsets: Divergent conceptualizations and characterizations
of mindset theory and praxis. International Journal of Organizational Analysis, 24(4), 673–691.
https://doi.org/10.1108/IJOA-09-2014-0797

Frödin, O. (2017). Attention schema theory, an interdisciplinary turn? Cognition, culture and institutions.
Anthropological Theory, 17(1), 88–107. https://doi.org/10.1177/1463499616678484

Gidley, J. M. (2010). Globally scanning for ” Megatrends of the Mind”: Potential futures of futures think-
ing. Futures, 42(10), 1040–1048. https://doi.org/10.1016/j.futures.2010.08.002

Godemann, J. (2008). Knowledge integration: a key challenge for transdisciplinary cooperation. Envi-
ronmental Education Research, 14(6), 625–641. https://doi.org/10.1080/13504620802469188

Guimarães, M. H., Pohl, C., Bina, O., & Varanda, M. (2019). Who is doing inter- and transdisciplinary
research, and why? An empirical study of motivations, attitudes, skills, and behaviours. Futures,
112. https://doi.org/10.1016/j.futures.2019.102441

Hein, G. E. (1991). Constructivist Learning Theory (tech. rep.). http : / /www.exploratorium.edu / IFI /
resources/constructivistlearning.html

Hermes, J., & Rimanoczy, I. (2018). Deep learning for a sustainability mindset. International Journal of
Management Education, 16(3), 460–467. https://doi.org/10.1016/j.ijme.2018.08.001

Horn, A., van der Meij, M. G., Willems, W. L., Kupper, F., & Zweekhorst, M. B. (2022). Developing
interdisciplinary consciousness for sustainability: using playful frame reflection to challenge
disciplinary bias. Sustainability: Science, Practice, and Policy, 18(1), 515–530. https://doi.org/
10.1080/15487733.2022.2095780

Jacobs, I. M., & Nienaber, S. (2011). Waters without borders: Transboundary water governance and
the role of the ’transdisciplinary individual’ in Southern Africa.Water SA, 37(5), 665–678. https:
//doi.org/10.4314/wsa.v37i5.4

Jones, M. (2009). Transformational learners: Transformational teachers. Australian Journal of Teacher
Education, 34(2), 15–27. https://doi.org/10.14221/ajte.2009v34n2.2

Kjellberg, P., & O’rourke, M. (2018). Interdisciplinarity and the Undisciplined Student: Lessons from the
Whittier Scholars Program (tech. rep. No. 1).

Klein, J. T. (2020). Sustainability and collaboration: Crossdisciplinary and cross-sector horizons. Sus-
tainability (Switzerland), 12(4). https://doi.org/10.3390/su12041515

Korte, R. F. (2007). A review of social identity theory with implications for training and development.
https://doi.org/10.1108/03090590710739250

Kudo, S., Mursaleen, H., Ness, B., & Nagao, M. (2018). Exercise on transdisciplinarity: Lessons from a
field-based course on rural sustainability in an aging society. Sustainability (Switzerland), 10(4).
https://doi.org/10.3390/su10041155

Lozano, R. (2014). Creativity and organizational learning as means to foster sustainability. Sustainable
Development, 22(3), 205–216. https://doi.org/10.1002/sd.540

Matthews, N. E., Cizauskas, C. A., Layton, D. S., Stamford, L., & Shapira, P. (2019). Collaborating
constructively for sustainable biotechnology. Scientific Reports, 9(1). https://doi.org/10.1038/
s41598-019-54331-7

Max-Neef, M. A. (2005, April). Foundations of transdisciplinarity. https://doi.org/10.1016/j.ecolecon.
2005.01.014

Mckenna, A. F., Froyd, J., & Litzinger, T. (2014). The complexities of transforming engineering higher
education: Preparing for next steps. Journal of Engineering Education, 103(2), 188–192. https:
//doi.org/10.1002/jee.20039

https://doi.org/10.12691/education-2-2-7
https://doi.org/10.12691/education-2-2-7
https://doi.org/10.1007/978-3-642-39739-4
https://doi.org/10.1007/978-3-642-39739-4
https://doi.org/10.1177/0308275X06061486
https://doi.org/10.1108/IJOA-09-2014-0797
https://doi.org/10.1177/1463499616678484
https://doi.org/10.1016/j.futures.2010.08.002
https://doi.org/10.1080/13504620802469188
https://doi.org/10.1016/j.futures.2019.102441
http://www.exploratorium.edu/IFI/resources/constructivistlearning.html
http://www.exploratorium.edu/IFI/resources/constructivistlearning.html
https://doi.org/10.1016/j.ijme.2018.08.001
https://doi.org/10.1080/15487733.2022.2095780
https://doi.org/10.1080/15487733.2022.2095780
https://doi.org/10.4314/wsa.v37i5.4
https://doi.org/10.4314/wsa.v37i5.4
https://doi.org/10.14221/ajte.2009v34n2.2
https://doi.org/10.3390/su12041515
https://doi.org/10.1108/03090590710739250
https://doi.org/10.3390/su10041155
https://doi.org/10.1002/sd.540
https://doi.org/10.1038/s41598-019-54331-7
https://doi.org/10.1038/s41598-019-54331-7
https://doi.org/10.1016/j.ecolecon.2005.01.014
https://doi.org/10.1016/j.ecolecon.2005.01.014
https://doi.org/10.1002/jee.20039
https://doi.org/10.1002/jee.20039


Bibliography 124

McNeil, S. (2015). Visualizing mental models: understanding cognitive change to support teaching
and learning of multimedia design and development. Educational Technology Research and
Development, 63(1), 73–96. https://doi.org/10.1007/s11423-014-9354-5

Noble, K. D., Crotty, J. J., Karande, A., Lavides, A., & Montaño, A. (2016). Why consciousness? Teach-
ing and learning at the leading edge of mind science. NeuroQuantology, 14(2), 175–192. https:
//doi.org/10.14704/nq.2016.14.2.936

Otto-Banaszak, I., Matczak, P., Wesseler, J., &Wechsung, F. (2011). Different perceptions of adaptation
to climate change: A mental model approach applied to the evidence from expert interviews.
Regional Environmental Change, 11(2), 217–228. https://doi.org/10.1007/s10113-010-0144-2

Popa, F., Guillermin, M., & Dedeurwaerdere, T. (2015). A pragmatist approach to transdisciplinarity in
sustainability research: From complex systems theory to reflexive science. Futures, 65, 45–56.
https://doi.org/10.1016/j.futures.2014.02.002

Rafols, I., & Meyer, M. (2010). Diversity and network coherence as indicators of interdisciplinarity: Case
studies in bionanoscience. Scientometrics, 82(2), 263–287. https://doi.org/10.1007/s11192-
009-0041-y

Reynolds, R. E., Sinatra, G. M., & Jetton, T. L. (1996). Views of knowledge acquisition and representa-
tion: A continuum from experience centered to mind centered. Educational Psychologist, 31(2),
93–104. https://doi.org/10.1207/s15326985ep3102{\_}1

Riesch, H. (2014). Philosophy, history and sociology of science: Interdisciplinary relations and complex
social identities. Studies in History and Philosophy of Science Part A, 48, 30–37. https://doi.
org/10.1016/j.shpsa.2014.09.013

Rigolot, C. (2020, December). Transdisciplinarity as a discipline and a way of being: complementarities
and creative tensions. https://doi.org/10.1057/s41599-020-00598-5

Roccas, S., & Brewer, M. B. (2002). Social Identity Complexity (tech. rep. No. 2).
Roper, L., & Pettit, J. (2002). Development and the learning organisation: An introduction. Development

in Practice, 12(3-4), 258–271. https://doi.org/10.1080/0961450220149654
Rosendahl, J., Zanella, M. A., Rist, S., & Weigelt, J. (2015). Scientists’ situated knowledge: Strong

objectivity in transdisciplinarity. Futures, 65, 17–27. https://doi.org/10.1016/j.futures.2014.10.
011

Ryan, R., & Deci, E. L. (2000). Self-determination theory and the facilitation of intrinsic motivation, social
development, and well-being. American Psychologist, 55(1), 68–78. https://doi.org/10.4324/
9780429052675-23

Savin-Baden, M. (2014). Using Problem-Based Learning: New Constellations for the 21 st Century
(tech. rep.).

Seel, N. M. (2001). Epistemology, situated cognition, and mental models: ’Like a bridge over troubled
water’ (tech. rep.).

Shelley McKeown, Reeshma Haji, & Neil Ferguson. (2016).Understanding Peace and Conflict Through
Social Identity Theory (S. McKeown, R. Haji, & N. Ferguson, Eds.). Springer International Pub-
lishing. https://doi.org/10.1007/978-3-319-29869-6

Shrivastava, P. (2010). Pedagogy of Passion for Sustainability (tech. rep.).
Solomon, M. (2013). The structure of scientific revolutions (Thomas S. Kuhn, 1970, 2nd ed. Chicago,

London: University of Chicago Press Ltd. 210 pages). Philosophical Papers and Review, 4(4),
41–48. https://doi.org/10.5897/ppr2013.0102

Strathern, M. (2007). Interdisciplinarity: Some models from the human sciences. Interdisciplinary Sci-
ence Reviews, 32(2), 123–134. https://doi.org/10.1179/030801807X163562

Thompson, M. A., Owen, S., Lindsay, J. M., Leonard, G. S., & Cronin, S. J. (2017). Scientist and stake-
holder perspectives of transdisciplinary research: Early attitudes, expectations, and tensions.
Environmental Science and Policy, 74, 30–39. https://doi.org/10.1016/j.envsci.2017.04.006

Thompson Klein, J. (2004). Prospects for transdisciplinarity. Futures, 36(4), 515–526. https://doi.org/
10.1016/j.futures.2003.10.007

Tosey, P., Visser, M., & Saunders, M. N. (2012). The origins and conceptualizations of ’triple-loop’
learning: A critical review. Management Learning, 43(3), 291–307. https://doi.org/10.1177/
1350507611426239

van Braak, M., Veen, M., Muris, J., van den Berg, P., &Giroldi, E. (2022). A professional knowledge base
for collaborative reflection education: a qualitative description of teacher goals and strategies.

https://doi.org/10.1007/s11423-014-9354-5
https://doi.org/10.14704/nq.2016.14.2.936
https://doi.org/10.14704/nq.2016.14.2.936
https://doi.org/10.1007/s10113-010-0144-2
https://doi.org/10.1016/j.futures.2014.02.002
https://doi.org/10.1007/s11192-009-0041-y
https://doi.org/10.1007/s11192-009-0041-y
https://doi.org/10.1207/s15326985ep3102{\_}1
https://doi.org/10.1016/j.shpsa.2014.09.013
https://doi.org/10.1016/j.shpsa.2014.09.013
https://doi.org/10.1057/s41599-020-00598-5
https://doi.org/10.1080/0961450220149654
https://doi.org/10.1016/j.futures.2014.10.011
https://doi.org/10.1016/j.futures.2014.10.011
https://doi.org/10.4324/9780429052675-23
https://doi.org/10.4324/9780429052675-23
https://doi.org/10.1007/978-3-319-29869-6
https://doi.org/10.5897/ppr2013.0102
https://doi.org/10.1179/030801807X163562
https://doi.org/10.1016/j.envsci.2017.04.006
https://doi.org/10.1016/j.futures.2003.10.007
https://doi.org/10.1016/j.futures.2003.10.007
https://doi.org/10.1177/1350507611426239
https://doi.org/10.1177/1350507611426239


Bibliography 125

Perspectives on Medical Education, 11(1), 53–59. https://doi.org/10.1007/s40037-021-00677-
6

https://doi.org/10.1007/s40037-021-00677-6
https://doi.org/10.1007/s40037-021-00677-6


A
Appendix 1: Hits of explorative

literature search

A.1. Explorative literature search performed to outline the per-
spectiveon ’inter- and transdisciplinarity’ and ’holistic’mind-
sets

Search terms Hits Scopus Hits Web of Science
Mindset & Transdisciplinary 66 55
Mindset & Transdisciplinary & Paradigm 6 8
Mindset & Interdisciplinary & Paradigm 20 23
Mindset & Consciousness 207 172
Mindset & Biotechnology 50 51
Mindset & Transdisciplinary & Sustainability 23 25
Mindset & Interdisciplinary & Sustainability 33 38
Mindset & Transdisciplinary & Complexity 10 8
Mindset & Interdisciplinary & Complexity 38 29
Mindset & Academics & Transdisciplinary 10 6
Mindset & Academics & Interdisciplinary 48 44
Mindset & Academics & Complexity 70 38
Mindset & Discipline & Transdisciplinary 13 10
Mindset & Discipline & Interdisciplinary 83 61
Mindset & Discipline & Complexity 41 28
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A.2. Explorative literature search performed to outline the concept and theory of ’continuous
reflection’ 127

A.2. Explorative literature search performed to outline the con-
cept and theory of ’continuous reflection’

Search terms Hits Scopus Hits Web of Science
Transdisciplinary & Transformative & Reflection 56 54
Interdisciplinary & Transformative & Reflection 100 104
Transdisciplinary & Reflexivity & Transformative 24 22
Interdisciplinary & Reflexivity & Transformative 15 16

A.3. Explorative literature search performed to select theories
to consider to compose a theoretical framework and place
itwithin amodel for initiating transformative change through
reflection

Search terms Hits Scopus Hits Web of Science
Transdisciplinary & Constructivism 30 28
Interdisciplinary & Constructivism & Theory 91 105
Transdisciplinary & Contextual & Perception 11 20
Transdisciplinary & Contextual & Theory 43 47



B
Appendix 2: Interview protocol

Main part for all participants
Introduction about thesis (4 min)
This interview is part a research study that tries to identify how insights about the mindset of academic
participants of the biotechnology discipline can improve the discipline’s transdisciplinary practices to
solve complex sustainability problems. The purpose of this interview is to evaluate how you as a par-
ticipant of the Towards Zero Emission Biotechnology consortium program see your mindset in relation
to different research collaboration possibilities and practices. From now on I will refer to this group with
you as participant by ‘ZEB’.

Part 1 of this interview will first focus on how you see yourself, your research collaboration practices,
and your mindset in the context of being an academic in ‘ZEB’. Here, the focus is on your own repre-
sentation, which cannot be right or wrong. In Part 2 of the interview, unusual visuals are given, and the
questions asked will focus on reflecting on your initial answers. In Part 3 of the interview, questions
will focus on whether you feel like you have reflected and on how aspects or characteristics of the
biotechnology discipline influence these reflection possibilities generally.

Helping aids
In front of you, you’ll find a pen and paper. If you want to, you can use this to draw or write down
elements that, for instance, help you think. However, as the interview will be analyzed on what you
express in words, you are asked to still answer questions verbally.

Consent points
• Q1: Are you okay with me recording both video and audio, used to make anonymized transcripts?
(Yes/No)

– If not: Are you okay with me recording only the audio of this interview, which is used to make
anonymized transcripts? (Yes/No)

As stated in the informed consent form, no questions directed to sensitive or confidential information
will be asked. In addition, you are free to demand specific (parts of) answers to be removed when
sensitive or confidential information is shared by accidence.

You are free to do this any time during the interview. However, to ensure that you can keep focusing on
the questions asked without reflecting on possible sensitivity or confidentiality, you will be given time
to reflect on your answers at the end of the interview. After this, you will be explicitly asked if you want
specific parts to be removed from the transcript.

• Q2: Do you have any questions at this point you would like to ask? (Yes/No)
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Part 1: Mental model elucidation
Complex issue (4 min)
The first questions are focused on one of the goals of ‘ZEB’, which is ‘trying to convert resources to
products, while minimizing emission or maximizing utilization of 𝐶𝑂2’.

• Q3: Can you describe how you see the issue for which reaching this goal serves as a solution?
(Elaborate answer)

• Q4: To what extent do you think this issue is complex, or in other words, that it is interconnected
with many things? (Elaborate answer)

• Q5: Do you think that other people trying to come up with a solution define the problem the same
way as you do? (Yes/No/Elaborate answer)

– If no: Where do you expect their definition to differ from yours?

Response to uncertainty and ambiguity (1 min)
• Q6: How do you generally respond to uncertainties or ambiguity related to an issue?

From this moment, when questions refer to the (complex) issue, your personal description of the issue
or ‘problem’ is meant. This is different from the goal of ZEB, which is a solution.

Collaboration types (8 min)
The following questions will focus on how you think collaborations set up for ‘ZEB’ are happening at
this moment, and what results they have or will have. Each time, a statement will be introduced. Then,
you will be expected to say to what extent you agree with this statement.

• Q7/statement 1: Collaborations set up for ‘ZEB’ only happen within disciplines or sub-disciplines.
(Agree/Disagree/Something in between)

• Q8/statement 2: Collaborations set up for ‘ZEB’ happen between members stemming from dif-
ferent disciplines, each analysing the issue from the perspective of their individual discipline.
(Agree/Disagree/Something in between)

• Q9/statement 3: Collaborations set up for ‘ZEB’ result in integrating different perspectives or the-
oretical frameworks from members stemming from different disciplines. (Agree/Disagree/Some-
thing in between)

• Q10/statement 4: Disciplines and sub-disciplines that are connected to ‘ZEB’ are coordinated
via hierarchical levels, in which higher levels gives a sense of purpose to lower levels. (Agree/Dis-
agree/Something in between)

• Q11/statement 5: Collaborations set up for ‘ZEB’ result in co-creation or co-design together with
non-academic actors. (Agree/Disagree/Something in between)

• Q12/statement 6: Interactions within collaborations set up for ‘ZEB’ are mutually affective for
collaboration participants, uncovering underlying assumptions, values and uncertainties related
to the (complex) issue. (Agree/Disagree/Something in between)

• Q13/statement 7: Collaborations set up for ‘ZEB’ result in participants acknowledging multiple
levels of reality, accompanied by different modes of reasoning and spirituality aspects such as
feeling and intuition. (Agree/Disagree/Something in between)

Social identity complexity (8 min)
The following questions will focus on how you see the relationship between two social groups. One
of them is ‘the discipline of biotechnology’, which we will call ’Group A’. The other social group is ’the
group of which its members are trying to tackle your description of the (complex) issue’. So, this group
exists of all members trying to solve the problem as you see it. We call this group, ’Group B’.

• Q14: Do you feel like you are a member of ’Group A’? (Yes/No)
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• Q15: Do you feel like you are a member of ’Group B’? (Yes/No)

• Q16: Of persons within ’Group A’, how many do you think are also in the ’Group B’? (Estimation)

• Q17: To what extent do you think a typical person of ’Group A’ is similar to a person of ’Group B’?
(Estimation)

There exist different ways in which people see or picture the relationship between their membership
of two social groups. For the next question, cards with both a visual representation and a verbal
description of each way to see this relationship will be handed to you. After you’ve looked at each, you
can lay them on the table.

• Q18: From the options given, how do you think the relation between both your memberships can
be best represented? (Participant picks one)

– Can you elaborate on why you choose this representation? (Elaborate answer)

Mindset and interconnections (10 min)
The following questions will focus on how you see your mindset.

• Q19: Can you describe what the concept ‘mindset’ means to you? (Elaborate answer)

• Q20: How do you think your current mindset relates to your description of the (complex) issue?
(Elaborate answer)

• Q21: How do you think your current mindset relates to the type of collaborations set up for ‘ZEB’
that are currently happening? (Elaborate answer)

• Q22: How do you think your current mindset relates to how you see the relationship between
your membership in ’Group A’ and ’Group B’? (Elaborate answer)

Part 2: Reflection triggers
Now, we’re at Part 2 of the interview. In this part, two unusual visuals are given. For each, questions
asked will focus on reflecting on your answers of Part 1.

Trigger 1: “Research for a shared future ideal” (8 min)
• Q23: What do you think these words in combination with the artwork represent? (Elaborate
answer)

• Q24: Do these words in combination with the art work raise a specific emotion or feeling for you?
(Yes/No)

– What is this emotion or feeling? (Answer)

• Q25: If you think about how you see this artwork (and the emotion/feeling you have), do you want
to add something to how you earlier described the (complex) issue? (Answer)

• Q26: If you think about how you see this artwork (and the emotion/feeling you have), do you want
to change something in the collaborations set up for ‘ZEB’? (Answer)

• Q27: If you think about how you see this artwork (and the emotion/feeling you have), do you
want to pick a different representation of the relation between your memberships in ’Group A’ and
’Group B’? (Answer)

• Q28: If you think about how you see this artwork (and the emotion/feeling you have), do you want
to change an aspect of your mindset in relation to ‘ZEB’? (Answer)
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Trigger 2: “Responsibility and expertise for the ecosystem” (8 min)
• Q29: What do you think these words in combination with the artwork represent? (Elaborate
answer)

• Q30: Do these words in combination with the art work raise a specific emotion or feeling for you?
(Yes/No)

– What is this emotion or feeling? (Answer)

• Q31: If you think about how you see this artwork (and the emotion/feeling you have), do you want
to add something to how you earlier described the (complex) issue? (Answer)

• Q32: If you think about how you see this artwork (and the emotion/feeling you have), do you want
to change something in the collaborations set up for ‘ZEB’? (Answer)

• Q33: If you think about how you see this artwork (and the emotion/feeling you have), do you
want to pick a different representation of the relation between your memberships in ’Group A’ and
’Group B’? (Answer)

• Q34: If you think about how you see this artwork (and the emotion/feeling you have), do you want
to change an aspect of your mindset in relation to ‘ZEB’? (Answer)

Part 3: Meta-reflection (9 min)
Now, we’re at part 3 of the interview. The questions of this part will focus on whether you feel like
you’ve reflected and on how aspects or characteristics of the biotechnology discipline influence such
reflection possibilities generally.

• Q35: Did part 1 and part 2 of the interview cause you to reflect on what type of mindset is required
to responsibly or ethically collaborate in research to solve complex issues? (Yes/No)

– If yes: Was this reflection caused by artworks and words linked to it presented, or by one of
the artworks and words linked to it presented? (Yes by both/Yes by one of the two/no)
⋄ If only one: Which of the artworks and words linked to it caused you to reflect? (Answer)

Questions for participants indicating reflection did not happen
• Q36: Why do you think reflection did not happen? (Elaborate answer)

• Q37: Were you able to relate artwork 1 and the words linked to it to your role or responsibility
linked to the issue addressed by ‘ZEB’? (Yes/No)

• Q38: Were you able to relate artwork 2 and the words linked to it to your role or responsibility
linked to the issue addressed by ‘ZEB’? (Yes/No)

• Q39: Why do you think the artworks and the words linked to it did not cause you to reflect?
(Elaborate answer)

Now, we’re almost at the end of the interview.

• Q40: When you evaluate your answers given, do you want specific parts to be removed from the
transcript? (Answer)

• Q41: Do you have any remaining remarks you would like to give? (Answer)

Thank you again for participating. I will stop the recording.
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Questions for participants indicating reflection happened, but none of the triggers caused reflection
• Q36: What did cause you to reflect? (Elaborate answer)

• Q37: Were you able to relate artwork 1 and the words linked to it to your role or responsibility
linked to your description of the (complex) issue? (Yes/No)

• Q38: Were you able to relate artwork 2 and the words linked to it to your role or responsibility
linked to your description of the (complex) issue? (Yes/No)

• Q39: Do you think such a reflection is valuable for academics who are a member of the ‘discipline
of biotechnology’? (Yes/No)

– Why/why not? (Elaborate answer)

• Q40: Do you generally reflect on what type of mindset is required to responsibly or ethically
collaborate in research to solve complex problems? (Yes/No)

– Why/why not? (Elaborate answer)

• Q41: Are there aspects or characteristics of the ‘discipline of biotechnology’ that can limit these
type of reflections? (Elaborate answer)

• Q42: Are there aspects or characteristics of the ‘discipline of biotechnology’ that can support
these type of reflections? (Elaborate answer)

Now, we’re almost at the end of the interview.

• Q43: When you evaluate your answers given, do you want specific parts to be removed from the
transcript? (Answer)

• Q44: Do you have any remaining remarks you would like to give? (Answer)

Thank you again for participating. I will stop the recording.

Questions for participants indicating 1 of the two triggers caused reflection
• Q36: Were you able to relate artwork (1/2) and the words linked to it to your role or responsibility
linked to your description of the (complex) issue? (Yes/No)

• Q37: Why did artwork (1/2) and the words linked to it cause you to reflect? (Elaborate answer)

• Q38: Do you think such a reflection is valuable for academics who are a member of the ‘discipline
of biotechnology’? (Yes/No)

– Why/why not? (Elaborate answer)

• Q39: Do you generally reflect on what type of mindset is required to responsibly or ethically
collaborate in research to solve complex problems? (Yes/No)

– Why/why not? (Elaborate answer)

• Q40: Are there aspects or characteristics of the ‘discipline of biotechnology’ that can limit these
type of reflections? (Elaborate answer)

• Q41: Are there aspects or characteristics of the ‘discipline of biotechnology’ that can support
these type of reflections? (Elaborate answer)

Now, we’re almost at the end of the interview.

• Q42: When you evaluate your answers given, do you want specific parts to be removed from the
transcript? (Answer)

• Q43: Do you have any remaining remarks you would like to give? (Answer)

Thank you again for participating. I will stop the recording.
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Questions for participants indicating both triggers caused reflection
• Q36: Why did artwork 1 and the words linked to it cause you to reflect? (Elaborate answer)

• Q37: Why did artwork 2 and the words linked to it cause you to reflect? (Elaborate answer)

• Q38: Do you think such a reflection is valuable for academics who are a member of the ‘discipline
of biotechnology’? (Yes/No)

– Why/why not? (Elaborate answer)

• Q39: Do you generally reflect on what type of mindset is required to responsibly or ethically
collaborate in research to solve complex problems? (Yes/No)

– Why/why not? (Elaborate answer)

• Q40: Are there aspects or characteristics of the ‘discipline of biotechnology’ that can limit these
type of reflections? (Elaborate answer)

• Q41: Are there aspects or characteristics of the ‘discipline of biotechnology’ that can support
these type of reflections? (Elaborate answer)

Now, we’re almost at the end of the interview.

• Q42: When you evaluate your answers given, do you want specific parts to be removed from the
transcript? (Answer)

• Q43: Do you have any remaining remarks you would like to give? (Answer)

Thank you again for participating. I will stop the recording.
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Appendix 3: Attribute and magnitude

coding

Question(s) Attribute codes
Part 1, Q14: Do you feel like you are a member of
group A

Yes, no (based on answer as expressed)

Part 1, Q15: Do you feel like you are a member of
group B?

Yes, no (based on answer as expressed)

Part 1, Q17: To what extent do you think a typical
person of group A is similar to a person of group B?

Similar (S), unclear (U), dissimilar (D) (S & D based
on answer as expressed, otherwise U)

Part 1, Q18: From the options given, how do you
think the relation between both your memberships
can be best represented?

Intersection (I), dominant A (DA), dominant B (DB),
compartmentalization (C), merger (M) (based on an-
swer as expressed)

Part 2, Q24 & Q30: Do these words in combination
with the artwork raise a specific emotion or feeling
for you?

Cognitive reflection (CR), cognitive-affective reflec-
tion (C-AR) (CR when answered with ’no’, C-AR
when answered with ’yes’)

Part 2, Q25 – Q28 & Q31 – Q34 (questions focused
on whether participants wanted to change each of
the topics discussed in part 1)

Change (C), not change (NC) (based on answer as
expressed)

Part 3, Q35: Did part 1 and part 2 of the interview
cause you to reflect on what type of mindset is re-
quired to responsibly or ethically collaborate in re-
search to solve complex issues?

No reflection (NR), reflection not induced by visuals
(R), reflection induced by visual 1 (RV1), reflection
induced by visual 2 (RV2), reflection not induced by
both visuals (RV) (based on answer as expressed)
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Question(s) Magnitude codes
Part 1, Q4: To what extent do you think this issue is
complex, or in other words, that it is interconnected
with many things?

High, low, medium (based on adjectives expressed
in answer indicating magnitude, such as: ’very’ &
’extremely’ for high, ’a little’, ’a bit’ for low and ’quite’
or no adjective for medium)

Part 1, Q5: Do you think that other people trying to
come up with a solution define the problem the same
way as you do?

High, low, medium (based on adjectives expressed
in answer indicating magnitude, such as: ’very’ &
’extremely’ for high, ’a little’, ’a bit’ for low and ’quite’
or no adjective for medium)

Part 1, Q7 – Q13 (statements of inter- and transdis-
ciplinary attributes as suggested by scholars)

Completely agree (CA), leaning towards agree
(LTA), neutral (N), leaning towards disagree (LTD),
completely disagree (CD) (based on one of the fol-
lowing expressed: completely agree or agree for
CA, partly agree while emphasizingmore agreement
compared to disagreement for LTA, U when argu-
ments for both agreeing and disagreeing are ex-
pressed, partly agree while emphasizing more dis-
agreement compared to agreement for LTD, com-
pletely disagree or disagree for CD)

Part 1, Q16: Of the persons within group A, how
many do you think are also in group B?

Very high (80-100%), high (60-79%), medium (40-
59%), low (20-39%), very low (0-19%) (based on an-
swer as expressed)
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Appendix 4: Data analysis showcases

D.1. Mental model elucidation
The data analysis of this thesis used for mental model elucidation was based on a (fuzzy cognitive)
mapping process: Using the online software of Miro, in vivo, concept and values codes of Part 1 of
each interview were mapped based on the causal reasoning of each participant.

D.1.1. Theming code groups and causal relations in reasoning
In this step, the interviews transcript codes from various sections, including A) the complex issue, B)
response to uncertainty/ambiguity, C) collaboration types, D) social identity complexity, and E) mindset
and interconnections, were thematically organized.

Transcript sections A & B and codes:
I: Interviewer
P5: Participant 5

0:06:0.150 - 0:06:17.820
I: So, the first questions are focused on the goals of ‘ZEB’, or [on] one of the goals of ‘ZEB’, which is
‘trying to convert resources to products while minimizing emission or maximizing utilization of CO2’.

P5: Yeah.

I: Can you describe how you see the issue for which reaching this goal serves as a solution?

0:06:18.680 - 0:07:10.150
P5: It probably the single most important problem today that we’re facing as humanity. So, you
know… I think that all humanity needs to address this issue from many different disciplines…
You know… Starting from policy change, to the economic model and the economic system… To tech-
nological solutions to [the] actual problems that, you know, the actual problem is generating: Waste
and harmful gases that are destroying the climate and planet. So, one of the vectors to solve
that is technology, [but] not the only one.

I: Yeah, Okay. Thanks.

In vivo codes:

• single most important problem today that we’re facing as humanity

• I think that all humanity needs to address this issue from many different disciplines

• Waste and harmful gases that are destroying the climate and planet
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• one of the vectors to solve that is technology

Concept codes:

• Big problem

• Different perspectives

• Value of different perspectives

• Waste and consequences

Values codes:
B: Belief; V: Value; A: Attitude

• B: Collaboration between disciplines increases changes of success (Implicit)

• V: Cross-(sub)disciplinary collaboration (Explicit)

• V: Talking about perspectives (Implicit)

• B: Technology is one of the vectors required to solve the solution (Explicit)

0:07:11.290 - 0:07:17.670
I: And to what extent do you think this issue or problem is complex, meaning that it’s interconnected
with many things?

0:07:18.610 - 0:07:51.130
P5: Well, it’s connected with everything… With every human activity, right? Right now, most of
the activities… You know… Everything that humans do requires energy. And right now… Most of
our energy… We generate by burning fossil fuels. So, it’s connected to everything, basically.

I: So, you would say it is complex?

0:07:54.110 - 0:08:34.410
P5: It’s extremely complex. Yeah. Also, part of the complexity is that… It is some… It is a problem
that is common to everybody. So, [it] is a comments problem, right? We need to collectively solve it
and everybody has to participate. That’s also part of the complexity and the social issue of having
to agree, right? Well, there’s some stakeholders that could say… Well, you know, “I’m just going to
follow my own interest”. [This is a] short term interest, which is… You know, making more money or
whatever… Uh, and you know…?

0:08:35.930 - 0:08:38.200
I: Yeah, sure. Yeah, that’s clear. Thanks.

In vivo codes:

• it’s connected with everything… With every human activity, right?

• Everything that humans do requires energy. And right now… Most of our energy… We generate
by burning fossil fuels

• collectively solve it

• everybody has to participate

• social issue of having to agree

Concept codes:

• Complex problem itself
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Values codes:
B: Belief; V: Value; A: Attitude

• B: Complexity is reflected in a connection with every human activity (Implicit)

• B: We need to collectively solve it (Implicit)

• B: We have to agree (Implicit)

0:08:39.620 - 0:08:46.140
I: And do you think that other people trying to come up with a solution define the problem the same
way as you do?

0:08:50.420 - 0:09:33.100
P5: … Umm, yeah. Probably not. I mean… In the same way... What? What does that mean? So…
You know… [It] depends. There’s many problems, and there’s many underlying problems. So, peo-
ple are looking at different aspects of this problem, right? And there’s people looking at policy
changes, at how… You know… How to organize the economic system to benefit [the] climate…
How to… In our case: How to develop new technologies, so that there’s different people [that] are
looking at different underlying problems that require different types of solutions.

0:09:34.760 - 0:09:36.640
I: Yeah, okay. That’s really clear. Thanks.

In vivo codes:

• people are looking at different aspects of this problem

• policy changes

• How to organize the economic system to benefit [the] climate

• develop new technologies

• looking at different underlying problems that require different types of solutions

Concept codes:

• Different general issue description

• Technical/scientific approach

Values codes:
B: Belief; V: Value; A: Attitude

• B: The problem has many underlying problems that require different solutions (Explicit)

0:09:36.830 - 0:09:44.360
I: And how do you generally respond to uncertainties or ambiguity related to a problem?

0:09:52.870 - 0:10:19.400
P5: … You know… Doing science is, basically, facing uncertainty all the time. If you’re not fac-
ing uncertainty, that means you’re not doing good science. So… Well, you try to come up with a
strategy to solve the ends… To remove the uncertainty, basically… To find some certainty. That’s from
the scientific point of view, right?

0:10:21.30 - 0:12:0.640
I: And is there another point of view or is this the answer you would like to give?
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P5: Well, this is the answer from my point of view. You know, professionally… As a scientist. I guess
that in other issues… You know… In other parts of this problem of sustainability, there is… It’s not that
clear to come up… You know… Here, in science, we use scientific method and it’s a very precise
way to remove uncertainty, right? But, there’s issues where it…Where you… It’s hard, basically.
For instance, in in policy, right? There’s different policies that you can implement, and it boils
down to ideology, right? It boils down to ideas… And different people can see [that] differently.
So, that’s another type of uncertainty, right? And that requires political discussion and… You
know… That’s…. I have also my own ideas regarding that, but… You know… I don’t know if that’s also
part of the…?

I: If you want to, you can answer that, but you can also stick to what you already said.

P5: Yeah. Honestly, I do believe that developing clean technologies is essential, but not sufficient.
I do think that we need a bigger political and economic change if we need… If we want to solve this
problem.

In vivo codes:

• Doing science is, basically, facing uncertainty all the time

• If you’re not facing uncertainty, that means you’re not doing good science

• in science, we use scientific method and it’s a very precise way to remove uncertainty, right?

• scientific method

• But, there’s issues where it… Where you… It’s hard, basically. For instance, in in policy, right?
There’s different policies that you can implement, and it boils down to ideology, right? It boils down
to ideas… And different people can see [that] differently. So, that’s another type of uncertainty,
right? And that requires political discussion

• boils down to ideology, right? It boils down to ideas

• requires political discussion

• developing clean technologies is essential, but not sufficient

• we need a bigger political and economic change

Concept codes:

• Ambiguity/uncertainty reduced with integration perspectives

• Different perspectives

• Scientific method/approach

• Value of different perspectives
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Values codes:
B: Belief; V: Value; A: Attitude

• B: Science is characterized by uncertainty and risk (Implicit)

• V: Talking about perspectives (Implicit)

• B: In science, the scientific method very precisely removes uncertainty (Explicit)

• B: Uncertainty and ambiguity in implementing policies are reflected in different ideas (Implicit)

• B: We need political discussion for social uncertainty (Explicit)

• B: (Biot)echnology essential, but not sufficient (Explicit)

• B: We need a bigger political and economic change to solve this problem (Explicit)

Thematically grouped and mapped codes for the transcript sections included:
Blue cards: in vivo codes
Red cards: values codes
Green cards: concept codes

Note that the themes can have more causal relations than depicted, as only section A & B are given
as an example.
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D.1.2. Simplifying
In this step, themes that had fewer than three causal connections to other themes and isolated feedback
loops with only a few reasoning steps were removed. After doing so, themes with high similarities were
merged.

D.1.3. Mapping themes on a reductionist to holistic scale based on reasoning
given in A & B

In this step, themes were placed on a spectrum ranging from reductionist to holistic based on their
alignment with the reasoning of the participants about A) complex issues and B) responses to uncer-
tainty/ambiguity. The positioning of themes was made by the researcher based on the interpretation
of participants’ explanations, with the following reasoning: the themes were positioned based on the
explicit reasoning of participants regarding the bigger problem and ways to tackle it versus the smaller,
more concretely described subproblems and ways to address them, as well as any related aspects. In
this context, the bigger problem was considered the most holistic, whereas the smaller, more concretely
defined problems were considered more reductionist.
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D.1.4. Closing causal relations in reasoning loops
In this step, dotted lines were used to represent ”obvious” causal relations in reasoning that were not
explicitly expressed by participants in the interview transcript.
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D.2. 2) Perception of inter- and transdisciplinarity
The purpose of this second analysis step was to gain deeper insight into the mental models of inter-
and transdisciplinarity of participants, specifically by assessing their perceptions through the evaluation
of attributes as described by scholars. These attributes were previously positioned along a continuum,
moving upward toward inter- and transdisciplinarity (Section 3.2.2, Figure 3.1).

Using the software of ATLAS.ti, participants were grouped according to to what extent they agreed with
the inter- and transdisciplinary attributes as suggested by scholars (attribute and magnitude coding),
and both concept and in vivo coding describing their argument. All participants were grouped according
to their level of agreement with the statement itself, as expressed and confirmed in the interview. Con-
cept and in vivo coding were used to map their perception for the current situation and/or for the future
or ideal situation in terms of the amount of collaborations happening in the consortium they based their
(dis)agreement.

D.2.1. Example 1:

Transcript:
I: Interviewer
P5: Participant 5

0:16:20.950 - 0:16:28.520
I: Okay. ‘Collaborations set up for ‘ZEB’ result in co-creation or co-design together with non-academic
actors’.
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0:16:31.330 - 0:17:6.30
P5: Well. Yeah. So, one of the goals, in my case in, in our project… One of the goals is to make
this system efficient enough so that it’s economically viable. Umm. And that means that somebody
from outside of academia is going to be able to implement it and actually put it into practice, right?
Integrate in the market, and so on…

I: Okay. So, you would agree with it?

P5: Yes.

Coding and grouping:
Level of agreement for the statement itself:

• MQ11: St5: Completely agree

Perception of the future or ideal situation:

• ”one of the goals, in my case in, in our project…” (In vivo)

• ”somebody from outside of academia is going to” (In vivo)

• (Trying to) attract industrial partners (Concept)

• Implementation outside of scope of research (Concept)

Perception of attribute evaluated concerning inter- and transdisciplinarity

Figure D.1: Mapping of participant 5 based on the level of agreement for the statement ‘Collaborations set up for ‘ZEB’
result in co-creation or co-design together with non-academic actors’, and based on the perception for the future or
ideal situation in terms of the amount of the collaborations happening in the consortium.

D.2.2. Example 2

Transcript:
I: Interviewer
P3: Participant 3

0:18:11.970 - 0:18:17.890
I: Yeah. It’s a clear answer. Thanks. ‘Collaborations set up for ‘ZEB’ result in co-creation or co-design
together with non-academic actors’.
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0:18:19.500 - 0:19:47.880
P3: Uh, that is difficult to say at the moment. The plan is to attract initial partners to co-finance
follow up projects, or participate in the ongoing projects. The way it was set up was a little bit
difficult. Like, we got all that money internally, and we were supposed to ask for co-funding. But to
directly start the project… Because it didn’t work out this way. So, we started the project… And now,
we’re going to have an ‘industry day’ at the end of the year to attract industry partners to collaborate.
But, how it’s going to be set up set up is not clear yet. There are people like myself who… R2… But…
Like, I don’t know if they would co-create knowledge, or [if] they would just support us in the
development that we are going to do here. But in other projects,… R2… So, that’s the end goal, I
would assume. I would hope so, because that would also make it more true. And will [focus on]
that whatever we are developing, it’s for the real world. That’s always what we are trying to do. We are
not doing science to do science. We are doing science[s] that are relevant to nowadays issues.

0:19:49.270 - 0:19:53.580
I: And if you were to answer the question for right now, so the collaborations right now?

0:19:54.430 - 0:20:9.610
P3: Yeah. As I said, right now, I don’t think…R1… I don’t think… As far as I’m aware, there is no
companies on board, right? So, then then it makes it easy to answer.

Coding and grouping:
Level of agreement for the statement itself:

• MQ11: St5: Neutral

Perception of the current situation:

• ”difficult to say at the moment” (In vivo)

• ”‘industry day’” (In vivo)

• ”I don’t know if they would co-create knowledge, or [if] they would just support us in the develop-
ment that we are going to do here” (In vivo)

• ”As far as I’m aware, there is no companies on board, right?” (In vivo)

• (Trying to) attract industrial partners (Concept)

• Uncertain about co-creation (Concept)

• (Co-)funding (Concept)

Perception of the future or ideal situation:

• ”I would hope so, because that would also make it more true.” (In vivo)

• Impactful solutions for society (Concept)
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Perception of attribute evaluated concerning inter- and transdisciplinarity

Figure D.2: Mapping of participant 3 based on the level of agreement for the statement ‘Collaborations set up for ‘ZEB’
result in co-creation or co-design together with non-academic actors’, and based on the perception for both the current
and the future or ideal situation in terms of the amount of the collaborations happening in the consortium.

D.3. 3) Deducing contextual influences:
In this step, the ’Ingroup context(s)’ affecting specific beliefs expressed and ’contextual reference(s)’
expressed that influence the participant’s mental model are identified. These contextual references
are related to the social identity complexity and mental model components of this thesis’ theoretical
framework and are deduced through an examination of participants’ chosen subjective representations
regarding the relationship between two key ’Ingroups’ - ’the academic discipline of biotechnology’ and
’the group dedicated to addressing the issue’.

The goal here is to understand how these contextual influences impact the mental models of the par-
ticipants, which were previously placed on a scale from reductionist to holistic in Step 1. This analysis
relied on attribute coding for the categorization of chosen subjective representations and on in vivo
coding to elucidate the underlying explanations.

To interpret these contextual influences, the reasoning steps articulated by the participants in sections
A) and B), which had guided the positioning of themes on the ’reductionist’ to ’holistic’ scale in Step 1,
were referred to.

Relevant in vivo codes of step 1:

• Waste and harmful gases that are destroying the climate and planet

• everybody has to participate

• we need a bigger political and economic change

• I think that all humanity needs to address this issue from many different disciplines

• one of the vectors to solve that is technology

Transcript segments:
I: Interviewer
P5: Participant 5

0:19:41.910 - 0:20:12.120
I: Okay. So, the following questions will focus on how you see the relationship between two social
groups. One of them is ‘the discipline of biotechnology’, which we call ‘Group A’ in this story. The other
social group is ‘the group of which its members are trying to tackle your description of the complex
problem’. So, this group exists of all members trying to solve the problem as you see it. And, we call
this group, ‘Group B’. Is that clear?

0:20:13.210 - 0:20:19.870
P5: So that would be all people… Like actors in society that are trying to address climate change
and…?
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0:20:20.610 - 0:20:31.0
I: Well, it’s the way you see it. But, all members trying to tackle the problem, or solve the problem, the
way you see it. So, it’s not up to me to judge who’s in there. It’s up to you.

0:20:32.330 - 0:20:43.720
P5: The problem being climate change, right? Or?

I: As you have described it in the first question. Yeah. So, how you see it.

P5: Yeah. Yeah.

I: Yeah? Okay. Do you feel like you are a member of ‘Group A’?

0:20:45.320 - 0:20:45.650
P5: Yeah.

0:20:46.430 - 0:20:47.280
I: Okay. Thanks.

P5: …

0:20:48.510 - 0:20:51.520
I: Do you feel like you are a member of ‘Group B’?

P5: Yes... ehh...

0:20:52.230 - 0:20:54.700
I: Great. Do you want to say why, or is it just [yes]?

0:20:56.410 - 0:21:9.620
P5: I think... I think… You know… Any responsible citizen in this time we’re living should be in
‘Group B’, basically.

0:21:10.820 - 0:21:12.90
I: These are all great answers.

Attritube codes:

• Yes (member of ’Group A’)

• Yes (member of ’Group B’)

In vivo codes:

• Any responsible citizen in this time we’re living should be in ‘Group B’, basically.

0:21:13.560 - 0:21:19.330
I: So, of the persons within ‘Group A’, how many do you think are also in ‘Group B’?

0:21:23.150 - 0:22:1.960
P5: Probably everybody. I want to think…

I: So, ‘Group A’ is biotechnology and ‘Group B’ is the other group.

P5: ‘Group B’ is… In my understanding, ‘Group B’ is the whole of people that is trying to address the
problem of… You know… Environmental breakdown or climate change, whatever you want to call it.
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I: Sure. I just wanted to check if you understood [that].

P5: And, I think that biotechnologists trying to come up with new technologies are definitely
part of this broader group trying to address this problem.

I: Yeah, Okay. No, that’s really clear. Thanks.

0:22:3.380 - 0:22:8.380
I: To what extent do you think a typical person of ‘Group A’ is similar to a person of ‘Group B’?

0:22:17.880 - 0:22:49.990
P5: Umm…Well… Since… I see that, because it’s a complex problem, ‘Group B’ has… It’s very het-
erogeneous… So, People in ‘Group A’ are part of this heterogeneity, I guess. But, there is probably
people that are similar and people that are very different in ‘Group B’. Does that…?

0:22:51.440 - 0:22:54.830
I: Yeah, that’s an answer.

P5: …

Attritube codes:

• Dissimilar (D)

In vivo codes:

• everybody

• I think that biotechnologists trying to come up with new technologies are definitely part of this
broader group trying to address this problem

• Group B’ has… It’s very heterogeneous

0:22:56.830 - 0:23:18.620
I: So, there exist different ways in which people see or picture the relationship between their member-
ships in two social groups. For the next question, cards with both a visual representation and a verbal
description of each way to see this will be handed to you. And, after you’ve looked at each, you can,
for instance, lay them on the table. And then, the next question will be asked.

A part of the transcript has been omitted.

P5: Okay, okay. These are clear.

I: Okay. Nice. So, from the options given, how do you think the relation between both your member-
ships can be best represented?

0:24:57.210 - 0:25:1.230
P5: I guess this one [Simultaneously recognized].

I: Okay. And, can you elaborate [on the reason] why?

0:25:3.570 - 0:25:34.40
P5: Well. Because I’m a professional in biotechnology, but I’m also a citizen that is worried about
the world we’re living for our kids, right? and. And, I think those are equally important. And, I try to
make… I try to melt them in the same vision of… You know…
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0:25:39.450 - 0:26:7.410
P5: Yeah. I tried. I try to make them part of this… Of my vision for ‘what do I want to do’, right? Both
professionally and [in the] outside world, where I could… You know… Do activities related to ‘[Group]
B’, but not necessarily to ‘[Group] A’.

Attritube codes:

• Merger (M)

In vivo codes:

• I’m a professional in biotechnology

• citizen that is worried about the world

Contextual influences deduced and linked to reasoning steps on a ’holistic’ to ’reductionist’
scale:
For transparency, direct quotes (in vivo codes) are included when presenting the final outcome of this
data analysis step.
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Appendix 5: Mindset-specific beliefs

versus all beliefs

Figure E.1: Overview of the number of context-specific beliefs indicating positive differentiation per ’Ingroup’ for each
participant versus the number of mindset-specific beliefs indicating positive differentiation per ’Ingroup’ for each par-
ticipant. The number of context-specific beliefs is depicted in bars on the right, the number of mindset-specific beliefs is depicted
in bars on the left.
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Figure E.2: Overview of the number of context-specific beliefs indicating a bias per ’Outgroup’ for each participant
versus the number of mindset-specific beliefs indicating a bias per ’Outgroup’ for each participant. The number of
context-specific beliefs is depicted in bars on the right, the number of mindset-specific beliefs is depicted in bars on the left.

Figure E.3: Overview of the number of context-specific beliefs indicating normativity per context for each participant
versus the number of mindset-specific beliefs indicating normativity per context for each participant. The number of
context-specific beliefs is depicted in bars on the right, the number of mindset-specific beliefs is depicted in bars on the left.
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Appendix 6: Decision Narrative

Because of your valuable input, you’re invited to join meetings of academics of a promising consortium.
The consortium focuses on research in the field of biotechnology and aims to tackle a current societal
challenge: food shortages that arise with an increasing global population size. A year ago, you already
got quite excited when reading the proposal for the first time: the plan aims to transgress ‘normal’
boundaries of disciplinary research and encourages continuous collaboration to do so. It’s definitely
something you support and hope to recognize in more proposals in the future.

It’s been a while since the last meeting, and everyone has had some time to proceed on their own sub-
projects. From earlier updates, you already know the approach everyone has taken so far. Although
people are working hard and with integrity, you personally feel like little steps are taken to actually
transgress current disciplinary boundaries. It annoys and frustrates you. However, you’re struggling
with pinpointing what exactly is causing this feeling and how to properly describe it for yourself.

For the past weeks, this feeling has made you feel a bit awkward and insecure. What if you’re worrying
for nothing and transgressing boundaries is just a matter of time? After all, people probably joined this
consortium because they had the same mindset. Therefore, the beliefs that are shaping every per-
son’s mindset will probably align as well. However, as all these people are experts who are educated
for many years in their own discipline, you wonder: Is there an influence of the social and research
norms of these disciplines that also affects every person’s mindset in a specific way? If so, can we
adapt our mindset depending on how we perceive the consortium’s context? Or, perhaps our mindset
is unconsciously shaped by the way we perceive and experience our environment? And, can it be
that, for some people, the mindset and the connected beliefs are something very personal and deeply
rooted? And, if so, is it even appropriate to comment on someone’s mindset and ask for a change?

You’re excited, yet uncomfortable when walking into the meeting. You know there is time reserved to
discuss the mindset in relation to how it’s going, and you just really hope it’s going to be effective for
the group. To surprise you even more, you see some new unfamiliar people joining the meeting as well.
Then, it’s time to discuss the mindset. While you’re searching for the right words to clearly describe
what you mean, someone suggests to use a tool. The tool helps you to describe different mindsets by
linking each to experiences, emotions and the system for which your description is applicable. When
you start describing the appropriate mindset you had in mind for the consortium, you realise that your
system is really big: it’s the whole world that is struggling with this food problem! Two familiar persons
and one unfamiliar person start to join in. They relate to the experiences, emotions or the system level
you’re addressing, in a surprisingly creative and therefore understandable way. The discussion feels
comfortable and open, as the contexts shaping everyone’s beliefs are acknowledged as well. All of a
sudden, you realize something: although the system you described for the mindset you had in mind
was very big, the beliefs that were behind it actually originated strongly from personal experiences
in a much smaller system! It turns out, the tool made both you and other people ‘recalibrate’ a
consensus mindset suitable to transgress current boundaries, combined with the underlying
beliefs shaping it.
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Appendix 7: Feedback participants of

the tool probing session

Anonymous user 1
”I am a 2nd year PhD in the group of industrial microbiology. With another colleague we tried out
Effie’s game and although it took some time to get outside of the hard-science attitude into the abstract,
creative mindset required for the game, it immediately sparked an interesting conversation about what
both of us value in science. It is often not easy to initiate conversations like this, and so I am convinced
that such a game can potentially help new groups to align what kind of mindset they want to aspire
toward. I think the game is very useful, as it made me contemplate about my approach to research
and that although I work closely with my colleague we actually do not fully agree on certain aspects.
The game made us realize this and sparked a conversation about how we could improve this. I can
recommend the tool, it’s simple but well thought out.”

Anonymous user 2
”The tool is a great conversation starter to discuss mindset differences between people. The person
that wants to initiate the change will take the lead in this game which helps the other people to start off
more comfortably. I especially like that the game focuses on sharing feelings and experiences rather
than polarizing mindsets. I would recommend this tool to start conversations about mindset, whether
on the work floor or in your private life.”

Anonymous user 3
”I can see how the tool can be helpful for promoting further consideration of the current mindset within
a team. Additionally, I also see added value of the tool for conflict resolution within a team, as the tool
is focused on promoting further understanding of other’s feelings, rather than only explaining your own.
Overall, the experience was insightful and led to some new perspectives on how my teammate saw
our collaboration.”

Anonymous user 4
”The tool added values and interconnection to different statements which gave it an extra element
and dept in the discussion beyond simply stating an opinion. The user is forced, in a playful manner, to
access the values ascribed to the subject. Secondly, the partly covering of the keywords and combining
them invited structure in the discussion as both parties were invited to hear out the arguments behind
the choices made by using the tool.”
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Appendix 8: Tool manual

Figure H.1: The final manual of the tool ’Out of Context’.
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