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Preface 

We are delighted to disseminate in this book of proceedings a collection of peer-reviewed 

papers presented at the 31st ISTE International Conference on Transdisciplinary 

Engineering (TE2024), held during July 9–11, 2024, at UCL’s East Campus, United 

Kingdom. The conference was organized by UCL’s Department of Science, Technology, 

Engineering and Public Policy (STEaPP), with support from the UCL Centre for 

Engineering Education (CEE), United Kingdom, and in collaboration with the 

International Society of Transdisciplinary Engineering (ISTE).  

TE2024 brought together more than 100 participants from reputed educational 

institutes and well-known global corporates located in 21 countries across five continents 

to set an international forum for academics and industry professionals to exchange their 

knowledge and ideas connected to the conference theme “Engineering For Social 

Change”.   

 

You may well ask, what do you mean by ‘social change’? 

 

We wanted to explore how engineering design and manufacturing processes – whether 

they are digital twins or systems models, new innovations or the use of machine learning 

– can be turned towards a wider good? How can product design be better, not just for the 

business wanting to make a new, better version, but also for wider society and for the 

environment more generally? How can systems approaches address these challenges and 

what are the ethical, philosophical and justice considerations hidden in them? What is 

the role of the engineer in this? How do we train or educate engineers to see the 

opportunities for inclusive design, sustainable construction or ethical manufacturing? 

What skills, analytic approaches, design or collaboration practices are effective? What 

challenges are encountered in working across boundaries – between academia and 

industry, interdisciplinary practice experiences and insights, especially with the social 

sciences. 

 

And how then does this relate to ‘transdisciplinary engineering’? 

 

Transdisciplinary Engineering is an emerging approach that extends and evolves the 

initial basic concepts and practice known as Concurrent Engineering (CE). CE has 

matured and has become the foundations of many new ideas, methodologies, initiatives, 

approaches and tools. Generally, CE concentrates on enterprise collaboration and its 

many different elements; from integrating people and processes to very specific complete 

multi/inter/trans-disciplinary solutions, taking the user into account. Current research in 

this area has evolved to be driven by many factors like increased customer demands, 

globalization, (international) collaboration and environmental strategies. The successful 

application of such research in the past has opened the perspective for future applications 

like overcoming natural catastrophes, sustainable mobility concepts with electrical 

vehicles, and intensive, integrated, data processing, with an increasing importance of 

Transdisciplinarity. Here, ‘transdisciplinarity’ can be formally described as:  
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“Transdisciplinarity and its application through Transdisciplinary Engineering methods 

involves the integration of two of more disciplines in an application through both the 

sharing of both common drivers and goals, into a higher-level transdisciplinary process 

that combines these and other drivers with the aim of achieving a common goal and 

output characterized by formalizing and structuring the explicit and tacit, scientific and 

contemporary, management of knowledge for a holistic goal that is characterised and 

defined at the highest system level and from all perspectives”1.    

 

And equally, how do we approach ‘engineering for social change’? 

 

Well, engineering plays a direct and indirect role in shaping the lives of everyone in all 

societies. The kinds of objects and processes that engineers design or maintain or dispose 

of reflect the kind of society we have. This includes the way in which design and 

management of engineering allows or prevents different types of people from benefiting 

from them or bearing the risks generated by them. For TE2024, we took inspiration from 

UCL STEaPP and UCL CEGE's new undergraduate degree programme - BSc Science 

and Engineering for Social Change - to provide a focus for the conference theme. So, if 

your work normally involved testing or designing a new object or process, such as ways 

of making an industrial process more efficient, or creating a new product design that 

makes it simple to manufacture, we asked people to submit a paper that did any of the 

following: 

 reflect on who benefits (or who bears what burden) from this analysis or 

innovation? Is it just the product or process owner? Who else could benefit if 

the design or approach were different? What challenges does that present for 

your analysis? 

 are there opportunities for the design to be more sustainable by using less 

energy, cleaner inputs or outputs, less waste?  

 are there opportunities to make the product or process more accessible to 

different groups of users or even new product designers? Who is in control of 

the product or process?  

 

How democratic is that, and should - or could - it be? 

 

And that is exactly what 126 authors did and the 103 participants gathered at UCL East 

for TE2024 to explore our theme of ‘engineering for social change’. We saw an 

incredible array of papers addressing this topic and the broader field of transdisciplinary 

engineering in the context of enormous sustainability challenges, and the role of 

autonomous vehicles, renewable energy and machine learning to support energy 

planning. We saw a strong focus on the role of digital technologies in industry and the 

challenges of integrating new systems into old processes, taking account of both worker 

needs and looking to use technology to maintain and improve wellbeing. This year also 

saw the first time the TE community gathered with the related community on Transition 

Engineering – which sees transdisciplinary engineering as a mechanism by which better 

 

1 Curran, R., Foundations of Transdisciplinary Engineering Theory: Sustainable Airport Application. In:  

Proceedings of the 31st ISTE International Conference on Transdisciplinary Engineering, London, UK, July 

9–11, 2024, Advances in Transdisciplinary Engineering. 
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– more sustainable, fairer and more inclusive – engineering can be achieved. And that is 

the kind of social change all engineers should have an interest in. 

 

 

Adam Cooper 

Irina Lazar 

Richard Curran 

Federico Trigos 

Josip Stjepandić 
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Education Faculties, in figuring out how to get more engineers into the UK economy. 
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Conference Topics 

 

The invite to participate at TE2024 went out to engineering researchers, educators and 

industry practitioners, and researchers of engineers and engineering, to submit abstracts 

addressing questions, challenges and solutions, and/or related issues in transdisciplinary 

engineering.  

 

Topics historically of interest to the TE community are always welcome, and those 

highlighted for TE2024 included: 

 

 Research & systems analysis 

 Product & process design 

 Decision support tools 

 Education, lifelong learning and skills 

 Risk and knowledge management 

 Collaboration, management & teamworking 

 Smart systems, IoT and Industry 4.0/5.0 

 Megatrends and new methods 

  

However, we also invited new collaborators from industry & non-engineering academia 

to explore areas such as: 

 

 Engineering practice in industry & policy 

 Design research & interdisciplinarity 

 Engineering ethics & philosophy 

 Business practice with engineering 

 Engineering activism & justice 

 Engineering consultancy 

 Engineers in non-engineering organisations 

 Development engineering 
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Abstract. Engineering problems are becoming increasingly complex, ill-defined, 

and socially relevant, and thus require us to combine insights and methods from 

different disciplinary fields, and to seek input from non-engineers, including 
communities and public organisations. If graduates are to be successful in working 

towards such problems, they need to develop meta-disciplinary skills, attitudes and 

understanding, and learn how to talk critically across disciplinary perspectives. 
Teaching the required competencies explicitly is essential because students are 

unlikely to have learnt them previously, primarily because of the focus on 

disciplinary teaching within most education systems. Supporting the evolution of 
engineering practice and emergence of transdisciplinary engineering therefore 

necessitates a change in teaching and learning methods. One approach to this has 

been the emergence of interdisciplinary and transdisciplinary programmes primarily 
at postgraduate, but increasingly at an undergraduate level. Such degree schemes 

are relatively understudied due to their recent emergence. This paper reports the 

findings from the first part of a longitudinal study into the lived experiences of 
students studying on a transdisciplinary undergraduate programme and focuses on 

expectations and motivations of incoming students. Data was obtained from semi-

structured interviews with first year students. A summary of the perceived benefits 
of studying such courses, as well as the associated challenges, is provided. The paper 

ends with recommendations in terms of fostering transdisciplinary approaches to 

engineering education. 

Keywords. Education and training, transdisciplinary, engineering education, 

transdisciplinary skills and competencies, student perception 

Introduction 

It is now widely accepted that the complex socio-technical challenges faced by society 

necessities a departure from traditional programmes available within higher education 

institutions (HEI), which primarily focus on domain-specific knowledge and 

development of transferable skills. Although the specialist disciplinary expertise 

currently supported by university cultures and structures remains critical, there is 

increasing emphasis on preparing students to work across disciplinary boundaries [1] [2].   

 There has thus been a growing focus on interdisciplinary understanding or what 

Mansilla and Duraising describe as [3] “the capacity to integrate knowledge and modes 

of thinking in two or more disciplines or established areas of expertise to produce a 

cognitive advancement – such as explaining a phenomenon, solving a problem, or 

creating a product – in ways that would have been impossible or unlikely through single 

disciplinary means” (pp. 219), and transdisciplinary approaches, which are typically 
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considered to be more pragmatic in nature, and move beyond academic disciplines, 

involving a wider range of (non-academic) stakeholders.  

1. Approaches to inter and transdisciplinary education 

Various approaches to the incorporation of interdisciplinary and transdisciplinary 

learning experiences exist within HEIs. For example, in some locations (primarily USA) 

students study a broad variety of topics before specialising, whereas in the UK students 

typically choose one (or two in the case of joint honours) main subject(s) of study. 

Conversely, some degree programmes, such as geography, are already considered 

interdisciplinary in nature. One approach to interdisciplinary education is to provide 

students with additional specialist knowledge and perspectives to supplement their 

existing disciplinary knowledge, for example through optional modules in external 

departments. Such approaches have been considered as lacking integration and being 

more reflective of multidisciplinary education. In comparison, interdisciplinary and 

transdisciplinary educational offerings may come in the form of individual modules or, 

increasingly, fully integrated programmes. Whilst such approaches are more common at 

postgraduate level, an increasing number of initiatives can be identified at an 

undergraduate education. In such instances, there is a need for educators to focus on 

understanding the extent to which students should be equipped with different disciplinary 

knowledge in addition to the didactic approaches that enable integration [4].  

 The disciplinary approaches which dominate much of the education system result 

in a need to ensure the explicit teaching of the skills and attitudes required to engage in 

such work. For example, students will have to understand, take account for, and be 

critical of, different perspectives and must develop the ability to synthesise information 

across domains. Such abilities require a level of knowledge as to the problems certain 

disciplines address, and the methods, epistemologies and ways of thinking involved.  

 There are varying options regarding the extent to which disciplinary depth 

constitutes a prerequisite to interdisciplinarity work. For example, Golding argues that 

disciplinary expertise is not necessary, and that efforts should focus on fostering an 

ability to identify when disciplinary expertise is needed and to access and use it [5]. In 

comparison, interdisciplinary founded on disciplinary depth requires students to draw 

upon their own disciplinary expertise, as well as interdisciplinary skills.  

 To better understand the benefits and challenges associated with these emerging 

educational offerings, it is important to explore the views of stakeholders involved, 

including students. To date, work which focuses on the experiences of those enrolled on 

inter and transdisciplinary programmes tends to consider postgraduate education. For 

example, Abbonizio and Ho explored the effect of students’ incoming disciplinary 

background on their experience studying an interdisciplinary taught postgraduate 

programme [6]. Students considered benefits as associated with career relevance and 

expanded knowledge and perspectives of issues, whereas challenges were linked to 

jargon, knowledge barriers and clashes in perspective, including norms associated with 

teaching and assessment in different subject areas. The participants of a different study 

[7] believed that learning from each other, particularly in terms of disciplinary language, 

allowed them to reach objectives associated with a given problem. The authors [7] call 

for the “interdisciplinary nature” of programmes to “be visible in the curriculum and in 

the teaching”, with a focus on “explaining interdisciplinary terminology, visualizing the 

interdisciplinary context, describing differences between disciplinary and 
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interdisciplinary work, and proposing a methodology for students to use when working 

in an interdisciplinary mode” (pp. 9).    

 In comparison, undergraduate degree schemes are relatively understudied due to 

their recent emergence. Students enrolled on such programmes are less likely to be 

encultured in disciplinary fields or have preconceptions about other fields, and it is 

therefore probable that they experience different benefits and challenges to 

interdisciplinary learning than those at postgraduate level. This work therefore aims to 

answer the following research questions (RQs): 

RQ1: Why do students choose to study transdisciplinary undergraduate degree 
programmes and what informs their decision making? 
RQ2: What are the expectations students hold of both transdisciplinary education and 
subsequent opportunities and challenges which arise? 

2. Method 

2.1. The research and the researchers 

This study constitutes the first part of a longitudinal project focused on the experience of 

students throughout their study on a new transdisciplinary undergraduate degree 

programme at a UK based Russell Group university which has been described previously 

elsewhere [8]. In brief, the programme uses project and problem-based approaches which 

allow students to apply technical and social science skills to contextualise learning.  

The study adopts an interpretivist constructionist approach [9], [10] to understand the 

meaning participants draw from experiences over a variety of contexts. In-depth 

interviews were used for data collection to provide an opportunity to explore subjective 

meanings, experiences, and specific details of participants [10]. A semi-structured 

interview protocol was developed to ensure coverage of key research questions and 

dimensions of interdisciplinary education identified in the literature, but also allowed the 

opportunity for the interviewer to guide the discussion in directions not previously 

considered or that were interpreted as meaningful for the interviewee. Questions focused 

on participants’ prior educational experience, their reasons for enrolling on the course, 

and their understanding of interdisciplinary and expectations of the course. 

In keeping with calls to ensure qualitative research is communicated in such a way 

that allows readers to understand how researchers arrive at their conclusions, the authors 

outline aspects of their positionality in relation to the six fundamental aspects of research 

which positionality impacts, as outlined by Secules et al. [11]: research topic, 

epistemology, ontology, methodology, relation to participants, and communication.  

Natalie Wint (She/Her): I am currently an engineering lecturer whose research 

focuses on engineering education. I was trained and socialised within a positivistic 

paradigm, having previously conducted research in the field of materials engineering. 

When teaching engineering students, I tend to lean on ideas from other disciplines, for 

example policy, sociology, psychology, as well as economics and business management. 

I also consider ethical and sustainable practice and pose questions about who, and what, 

engineering is for. In part, the interest in this research is born out of the frustrations 

experienced when faced with a perceived choice between studying ‘STEM’ based 

disciplines, and those associated with arts and humanities and the social sciences, as well 

as conflict between personal and professional identity.  
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Irina Lazar (She/Her): I am an Associate Professor in engineering and public policy, 

with a background in civil and mechanical engineering, and professional education in 

public policy at a later career stage. For me, interdisciplinarity came into play 

organically, as a consequence of working at the interface between multiple engineering 

disciplines. My transdisciplinary work started as I shifted from engineering to public 

policy in an engineering context. I largely identify as an engineer, and my path is 

fundamentally different to that proposed in the degree programme this paper focuses on. 

This research stemmed from a desire to understand how professional identities develop 

within transdisciplinary context at undergraduate level, rather than by integrating and 

layering multiple disciplines. This is meant to help the programme team better articulate 

the programme to prospective students, as well as support them once enrolled. 

Having worked at the interface of social science and engineering, the authors wanted 

to bring together the experiences of others in a similar position. During the writing and 

review process, they were reminded of the continuous nature of such work. In outlining 

their positionality, the authors acknowledge the limitations associated with their own 

academic background within STEM disciplines and the need for collaboration across 

disciplines. They also recognise the challenges associated with 

multi/inter/transdisciplinary research, for example, those associated with 1.) questions 

pertaining to the point at which one  becomes a ‘legitimate’ researcher within a new field, 

and 2.) differences in disciplinary ‘norms’ and expectations associated with peer review 

which, at times, necessitates a ‘brokering’ process [12].  

2.2. Procedure 

All 15 students enrolled on the programme were emailed an invitation to take part in the 

study within the first five weeks of the programme. Five individuals provided informed 

consent to participate (in line with ethics approval granted). 4 identified as female, and 

1 as male. All were international. Further details regarding participant demographics are 

not given here due to the small population and sample size.  

Interviews took place online or in person, according to the preference of the 

participant and each lasted approximately 30 minutes. After completing interviews, the 

audio recordings were transcribed verbatim and read by the first author. The first author 

made regular journal entries throughout both data collection and transcription allowing 

them to consider their role in the research process. Whilst re-reading each transcript, 

notes were made (as comments within the Microsoft Word document) about ways in 

which they were interpreting and making sense of the data.  

Interview transcripts were analyzed using reflexive thematic analysis (RTA). RTA 

is generally considered a useful method during the study of under-researched areas and 

is viewed as reasonably accessible. This is believed to be important when considering 

1.) the varied audience of research of this type; and 2) a relative lack of any consensus 

as to acceptable theoretical frameworks or research methodologies for use within the 

space. The authors followed the six-stage analytical process proposed by Braun and 

Clarke [13]. An abductive approach to data analysis was adopted and thus coding was 

both driven by data (inductive) and by theory (deductive). Code generation initially 

followed an inductive approach (whilst recognising that pure induction is impossible). 

Later, the first author began to notice connections with the literature and started coding 

around theoretical ideas and concepts. All codes were noted, and in some cases, 

combined, ensuring that the nuanced differences were not lost. A list of final codes and 

the data items associated with each was then compiled. Initial themes were generated, 
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and a thematic map was produced to allow for visualisation of the relationships between 

codes and themes. Data extracts which represented the themes were then selected.  

3. Findings  

Three overarching themes were generated 1) dualisms and hierarchies 2) self-assured but 

outwardly uncertain and 3) breadth vs depth. Excepts featured within the findings have 

been labelled (1)-(5) to allow readers to identify quotes from the same participant. 

3.1. Theme 1: Dualisms and hierarchies 

This theme focuses on the perceived existence of disciplinary hierarchies and a dualism 

which was believed to exist between STEM (science, technology, engineering, and 

mathematics) and AHSS (arts, humanities, and social sciences).  

Students tended to place more emphasis on STEM subjects, attributing this to how 

much they enjoyed the subjects and the positivism with which they are associated, one 

student saying “like, moments where all these theories make sense. And you know, 

calculations make sense…those kinds of moments really were enjoyable for me” (2). 

This enjoyment seemed to be reinforced by the fact that STEM subjects, in general, were 

considered to improve career prospects, with one student saying, “science or engineering 

seemed to be like, broad enough for me to be going into basically anything I want 

afterwards” (4). A different participant highlighted the role of culture saying that 

engineering degrees were “especially” (2) valued within their home country as graduates 

were highly likely to get a job. 

Despite students choosing to study a transdisciplinary course, in general, there 

appeared to be a belief that you could not study both STEM and AHSS subjects. For 

example, one participant stated that the GCSE subjects they had chosen to study (aged 

14-16) meant they were “more of like a science person. I never really thought about 

social sciences” (1), later adding “sociology was the different one for me” (1) when 

describing their A-Levels. They described this choice as “very difficult, because it's not 

the mix anybody ever expects” (1), saying their father had questioned “why am I 

deviating” (1).  

For some participants, subjects that fell within AHSS were considered as interests 

or hobbies as opposed to legitimate fields of study. For example, one student said that 

there was “kind of a click where I realized that. Maybe like. yeah, like, art, literature, 

Econ(omics), all of that didn't have to be just like hobbies. I could also like, integrate 

them into my studies” (4) later saying that their subject choices were driven by “the 

money factor” and “that if money wasn't a factor, I would have said something 

completely different” (4), with respect to the reasons they chose STEM subjects. Another 

participant explained how their interest had been instigated by comparing the political 

systems in countries in which they had lived, saying it was “very interesting” (3). 
These beliefs appeared to be associated with societal perception and views of others. 

The same student that mentioned art as a hobby also said that “sciences in general, are 

always like very respected, like people are always a bit impressed when you tell them 

that…. But yeah, like art, for example, is not always well looked at, because it's a really 

uncertain area” (4). Another participant claimed that “society does have a very positive 

perception on math and further math. And I also think that's the same, like similar for 
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politics, but I would say math is like a higher level” (3). They went on to highlight the 

importance of the programme being “a science bachelor” (3).  

One participant explained that the way in which disciplines are defined across 

contexts may mean that there is a lack of clarity around what is involved in 

transdisciplinary courses. They described how they “also had that kind of set mind that 

science meant natural sciences... so, I kind of went in with that mindset and came to that 

to realize that there's a heavy focus on social sciences. So that's kind of a concern in my 

family” (2). The same participant stated that they were “conflicted whether to choose 

chemistry to go for completely scientific pathway or kind of, you know, broaden my 

options” (2). The existence of such dualisms may explain why “some people want more 

maths and physics” (1) in the course, with one student saying that “lack of natural science 

and engineering is a big concern” (2). The degree to which this student was influenced 

by this hierarchy was also demonstrated later by their belief that the inclusion of STEM 

would mean they felt less “concern for my future career” (2).  

In most cases, the reasons to ‘broaden’ subjects of study were associated with 

working on “actual world” (2) problems, with one participant claiming to have a “more 

problem-solving mindset” (5). The societal nature of problems also seemed to be 

important, with one student saying, “I do like anything related to society” (1) and another 

that “humans, you know, make your world function” (2) and that they wanted to “pursue 

my interests other than engineering and looking at the actual world…actually coming up 

with ideas that can, you know, potentially change the world” (2). For one student the 

motivation came as a result of “being very interested in inequality” (3) 

3.2. Self-assured but outwardly uncertain 

This theme focuses on the way in which participants tended to describe their own 

confidence in their decision-making, whilst, at the same time, reflecting on their 

confusion and uncertainty. It is split into two sub themes. 

The first subtheme focuses on the uncertainty associated with initially deciding to 

enroll on the course. Much of the language used appeared to be associated with having 

faith and trust. For example, one student described an “affinity” towards a course which 

was “made for them” (1). They later said, “I believe I'm feeling the right thing for me at 

this time” (1). Although they mentioned people who questioned their decision making, 

they explained that being “grounded” and “dedicated” (1) allowed this to have limited 

impact. One student was just willing to “have a try on this course” (5), having already 

completed the first year of a different degree and later saying “I'm still young, and I have 

a lot of time to try different things” (5).  

It is worth noting that, for some, the decision to study the course was more associated 

with the location and university. This presented in three different ways: 1.) students were 

studying this course because they had not been accepted for their first choice at the same 

university, 2.) students would not have been interested in studying similar programmes 

elsewhere and 3.) had they not been accepted on this programme, they would have 

chosen to study a more ‘traditional’ degree programme, but at the same university.  
Although parents were generally not seen as having a major influence, “let(ting) me 

do what I wanted” (2) and were described as “very supportive” (1), some spoke of a need 

to be “convincing” (1) and that they “sold the idea” (1) and had to “pitch” the course. 

One student said that their parents were their biggest influence and had they not agreed 

with the course choice they would “probably have to rethink a bit, or maybe like present 

the course to them in more detail” (3). For some participants, the confidence in their own 
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decisions appeared to be associated with being a new generation who were ahead of the 

curve. For example, one participant claimed that they had had to tell their dad, an 

engineer, that “your time has kind of passed. And now we kind of find a way of bringing 

new things in” (1). A different participant believed “interdisciplinary should have always 

been bigger thing from the start. We are kind of starting to realise the urgent need of 

interdisciplinary work” (2). A different participant believed this would change saying “it 

is still something that's very new…so, I think that in like 5 years, maybe, like, it will 

become something like more normal, and it will eventually become an advantage because 

of right now I'm not completely sure because it's so like unusual” (4).  
The perceptions of friends were often associated with the complex and long course 

name and the fact that most people are only aware of traditional courses, or that 

transdisciplinary courses tended to be available only at postgraduate level. The 

disciplinary nature of traditional undergraduate programmes was also considered to 

cause pragmatic issues with the application process UCAS (which operates the 

application process for British universities), whereby one personal statement should be 

submitted for all programmes for which students apply, and in this case, meaning that 

they could not be easily personalised for transdisciplinary course. 

Despite this apparent confidence and self-assurance, it was still important for 

participants to feel reassured, with one participant saying they felt “a bit better about my 

choice” (1) after talking to a close family member who was also an engineer. 

The second subtheme focuses on uncertainty whilst on the course. Such feelings 

were typically associated with either career opportunities or experiences of learning, 

teaching, and assessment. Participants described being “confused” (1) about job roles 

available and that they were “not quite sure what other path there is that this course has 

to offer?” (3), or “not completely sure of what new opportunities this course gives me, 

like what areas I could go into” (4). Another said they would need to go about 

“convincing employers you are unique in a good way” (2). It is important to note that 

although this uncertainty existed, a benefit of the course was perceived as its flexibility, 

and it was considered “broad enough for me to be going into basically anything I want 

afterwards” (4). As with the decision to study the course, participants appeared to have 

faith in the process, for example saying that “it always works out, doesn't it?” (4).  
One participant explained that the “transition (to university) is difficult as well as 

learning. It’s a few different things at the same time and can make somebody feel 

overwhelmed” (1). The challenges associated with interdisciplinary learning is perhaps 

best articulated in the following excerpt:  

“What are we meant to learn from this? And how can we apply this in other areas and 
in terms of interdisciplinary I think, it is confusing. Especially when you go from one 
class to the other, and there's like one thing from somewhere, the other thing from 
another place like, how does this all come in? It's so confusing, like, everybody is like, 
where is this getting us like, okay, we've learned this. So, I think that's where the 
confusion comes in, and it's like, what exactly am I doing? Did I join the right course? 
And then you start having these deep thoughts…” (1).  

As was true of the process associated with selecting the course, participants tended to 

make use of their own self-assurance, for example saying “I do feel like I'm trusting in 

the process. And I feel like they have, or the course has more to offer us” (1).  
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3.3. Breadth vs depth  

This theme focuses on the perceived advantages and disadvantages of studying a 

transdisciplinary course.  

For most participants the benefits of transdisciplinary programmes were related to 

the complexity of problems which needed “simplifying” (2), and for which there was 

often “more to it” (1), and it was believed that “if you don't really think of things in 

different perspectives or different areas, you would not be able to solve a problem the 

way you would want to” (1). Wicked problems, sustainability, and climate change were 

also mentioned. In terms of policy, transdisciplinary was associated with the ability to 

“come up with very well-rounded policies” (3).  
Being “scared about the employment benefits” (1) appeared to be counteracted by 

“benefits…in terms of skills having an open mind, not necessarily tunnel 

vision…communicating your ideas to people” (1). For most, this approach involved 

teamwork, whereby “you're kind of trying to overlook through the whole process and 

being able to understand most of the things that are happening. It is a really good thing 

with the kind of general knowledge of like diverse topics” (2) with one participant saying 

that “a lot of traditional courses don't really have that. They’re like more technical. And 

they need to know the numbers on this and that, or they forget that they're working with 

people, and they do these things for people” (1). The breadth in knowledge was thus seen 

as a source of differentiation which means they “could just bring something new” (1). 

Another benefit of the breadth involved in transdisciplinary courses was the aspect of 

choice it allowed. For example, one participant compared the degree to their previous 

education saying there was “a fixed like syllabus of what I need to do. But then, in my 

course right now…I can kind of choose myself what I'm interested in this problem, what 

I want to find out” (3), with another saying, “you get the best of both worlds” (4). 

For most, the flexibility in career options was desirable. For example, one participant 

said that “the whole reason for interdisciplinary was for me to not narrow my options to 

just engineering, or social sciences …the reason was to have a broader range of options” 

and another claimed that it “opens you to more opportunities” (4) but went on to say “it's 

broad. But right now, I feel like… too broad, because I'm not sure. Where does that put 

me, you know” (4). A different student said that they may want to go into engineering 

but were worried as they didn’t believe that they would “have much engineering skill 

like how to use the software” (5), but later that they “would more prefer flexibility, 

because I can work in different industry, different sector” (5).  

For some, the language associated with being interdisciplinary could be problematic, 

for example one stating “I'm not sure if the term generalist is a good word” (2). 

Furthermore, the lack of depth of knowledge involved was seen as limiting options for 

postgraduate study, with one participant saying, “I think it would kind of be a 

disadvantage because I wouldn't have the skills that a traditional course would” and that 

courses “might not accept” (2) them.  

4. Discussion 

The findings highlight key areas in which to focus future efforts. Consistent with the 

work of Abbonizio and Ho [6], participants seemed motivated to study transdisciplinary 

degree programmes in order that they may contribute toward complex global and societal 

problems which were seen as requiring input from multiple disciplines.  
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Although students had chosen to study a transdisciplinary programme, they 

appeared to emphasise STEM subjects, and in all cases more mathematical content had 

been expected. Such findings are similar to those discussed in previous work which 

explains that students’ expectations about teaching and learning will be based on their 

disciplinary leanings [5]. The work [5] references that of C.P. Snow [14] who describes 

two cultures, Science and Arts. The authors thus claim that, “students will be 

disheartened if an interdisciplinary subject is too ‘sciency’ or too ‘artsy’, and they will 

resist (or be phobic about) working with numbers if they see themselves as Arts students, 

or writing essays if they see themselves as Science students” (pp.10) , something which 

McCalman et al. [15] calls “resistance to learning outside their comfort zones” (pp. 17). 

This, alongside the confusion and uncertainty that appeared to be associated with 

learning, as well as the concerns regarding depth of knowledge, necessitates an approach 

which allows students to understand, and step beyond disciplinary thinking, and make 

connections and identify differences between them. This is particularly important in the 

case of undergraduate courses, for which students would not have advanced training in 

individual disciplines and the associated theories, methods, and limitations. Such meta-

coordination is deemed as important to prevent students from feeling overwhelmed [16]. 

Such approaches allow students to switch between disciplinary perspectives and achieve 

both depth and breadth depending upon the context [16]. This, of course, has implications 

for the teaching team, who must ensure that they facilitate this process and integration of 

disciplines within a supportive environment [16].  

It is interesting to note that although students wanted the flexibility that they 

considered transdisciplinary courses to bring in terms of career options, they were also 

worried by too much choice. This, alongside the fact that some would feel more 

comfortable with increased STEM based content, suggests that students would like the 

benefits of transdisciplinary education, alongside those seemingly associated with having 

studied STEM subjects in terms of societal perceptions and job prospects. Another 

consequence of undergraduate transdisciplinary programmes is that the lack of depth 

may be considered to limit postgraduate opportunities. 

5. Conclusion 

This work focused on understanding why five UK based students chose to study one 

transdisciplinary undergraduate degree programme and the factors which informed their 

decision making, as well as the expectations they held of both transdisciplinary education 

and subsequent opportunities and challenges which may arise.  

 Students were motivated by the opportunity to address complex societal problems. 

Although STEM subjects were not required to be accepted on the programme, all 

participants had studied mathematical sciences post aged 16 and stressed the degree to 

which they enjoyed these subjects, which were also considered as highly valued by 

society. Although they seemed self-assured regarding the need for such courses, some 

uncertainties, primarily around career options, did exist. They recognized the need to 

develop communication and teamwork skills, as well as the ability to deal with 

complexity, but acknowledged confusion associated with learning across disciplines.  

 Based on these findings, further work in both teaching practice and research should 

focus on ensuring that students are able to see the value and need for inclusion of all 

disciplines, as well as having the opportunity to compare disciplinary approaches in ways 
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which allows them to incorporate both depth and breadth. There is also a need for the 

provision of adequate careers guidance and student support and guidance.  

 For some students, attending the specific university offering the course was more 

important than the course. This raises questions regarding the risk associated with 

studying courses at universities which are viewed as less prestigious, or in cases where 

students don’t have support of their family or financially, or who are more risk averse.  

 The work describes the initial part of a longitudinal study and future work will 

focus on the experiences of students throughout their degree scheme.  A limitation of the 

sampling method is that participants were self-selected. The findings reflect the 

perspectives of students on one course in one UK based university and transferability is 

thus limited. In future it would be desirable to conduct the study with a wider range of 

participants studying transdisciplinary courses in different universities. It is also of 

interest to compare the views of participants (who were all international) to those of 

home students and to further understand the role of socio-economic background and 

university reputation on perceptions of transdisciplinary programmes.  

References 

[1] Crossing Paths: Interdisciplinary Institutions, Careers, Education and Applications. The British 

Academy, 2016. 

[2] C. Lyall, L. Meagher, and J. Bandola, Interdisciplinary provision in higher education. Higher Education 
Academy, 2015. 

[3] V.B. Mansilla and E.D. Duraising, Targeted Assessment of Students’ Interdisciplinary Work: An 

Empirically Grounded Framework Proposed, The Journal of Higher Education, Vol. 78, 2007, pp. 215–
237. 

[4] S. Chen, I.C. Hsu, and C.-M. Wu, Evaluation of undergraduate curriculum reform for interdisciplinary 

learning, Teaching in Higher Education, Vol. 14, 2009, pp. 161–173. 
[5] C. Golding, Integrating the disciplines: Successful interdisciplinary  subjects. Centre for the Study of 

Higher Education, The University of Melbourne, 2009. 

[6] J.K. Abbonizio and S.S.Y. Ho, Students’ Perceptions of Interdisciplinary Coursework: An Australian 
Case Study of the Master of Environment and Sustainability, Sustainability, Vol. 12, 2020, p. 8898. 

[7] M. Kans and Å. Gustafsson, Internal stakeholders’ views on interdisciplinarity: An empirical study 

within an interdisciplinary master’s program, Cogent Education, Vol. 7, 2020, p. 1731221. 
[8] I. Lazar, L. Liote, and A. Cooper, Designing Transdisciplinary Engineering Programmes: A New Wave 

in Engineering Education, Advances in Transdisciplinary Engineering. 2023, Vol. 41, pp. 701-710.  

[9] N.K. Denzin and Y.S. Lincoln, Introduction: The Discipline and Practice of Qualitative Research,. In: 
The Sage handbook of qualitative research, 3rd ed. pp. 1–32. Sage Publications Ltd, Thousand Oaks, 

CA 2005. 

[10] E.G. Guba and Y.S. Lincoln, Paradigmatic Controversies, Contradictions, and Emerging Confluences,. 
In: The Sage handbook of qualitative research, 3rd ed. pp. 191–215. Sage Publications Ltd, Thousand 

Oaks, CA 2005. 

[11] S. Secules, C. McCall, J.A. Mejia, et al., Positionality practices and dimensions of impact on equity 
research: A collaborative inquiry and call to the community, Journal of Engineering Education, Vol. 

110, 2021, pp. 19–43. 

[12] K. Beddoes, G. Downey, W. Luke, and B. Jesiek, Practices of Brokering: Between STS and Feminist 
Engineering Education Research, Presented at the November 10 2011. 

[13] V. Braun and V. Clarke, Using thematic analysis in psychology, Qualitative Research in Psychology, 

Vol. 3, 2006, pp. 77–101. 
[14] C.P. Snow, The Two Cultures and A Second Look: An Expanded Version of the Two  Cultures and the 

Scientific Revolution. Cambridge University Press, Cambridge, 1964. 

[15] J. McCalman, L. Muir, and C. Soeterboek, Adventures with Breadth: A Story of  Interdisciplinary 
Innovation. Centre for the Study of Higher Education., Melbourne, 2008. 

[16] E.J.H. Spelt et. al., Teaching and Learning in Interdisciplinary Higher Education: A Systematic Review, 

Educational Psychology Review, Vol. 21, 2009, pp. 365–378. 

N. Wint and I. Lazar / Transdisciplinary Engineering Education: The Student Perspective718


	Title Page
	Preface
	About the Conference
	Contents
	Part 1. Sustainable Development
	Co-Development of Technology for Measuring Faecal Contamination of Drinking Water
	Adapting a Transdisciplinary Approach to Regional Development in the Case of Facilitating Planning of Energy Systems
	Co-Designing the SnowApp Climate Service for Winter Tourism Industry in Northern Finland
	Building Consensus in the Circular Economy: A Transdisciplinary Framework for Developing Collaborative Decision-Making Tools

	Part 2. Improving Transport
	Safe Driving Behavior Model Construction for L2 and L3 Automated Driving
	The Role of Interior and Exterior Design Quality in Public Acceptance of Shared Autonomous Vehicles
	Multi-Layered Integration of System Models and Roadmaps for the Implementation of Autonomous Ships
	Urban Public Transportation Service Evaluation and Design Based on Service Encounter Discovery and Peak-End Rule

	Part 3. Engineering for Social Change
	Engineering Community Resilience: A Transdisciplinary Early Career Researcher's Journey in Cultivating Bottom-Up Energy Initiatives Amidst Uncertainty
	The Role of Steemit as a Blockchain-Based Platform in Fostering Digital Financial Activism and Community Engagement
	Text-Mining of E-Participation Platforms: Applying Topic Modeling on Join and iVoting in Taiwan
	Distributed Additive Manufacturing: A Social Change in Manufacturing

	Part 4. Virtual and Augmented Reality
	XR-CISE: Towards Promoting Physical Activity with Inclusive Virtual Reality Exergaming
	ARCTIC: Empowering Transdisciplinary Engineering Education Through Immersive Augmented Reality Experiences
	A Transdisciplinary Approach to Holographic Indoor Navigation Using Mixed Reality and Cloud Computing
	Using Immersive Technologies and Digital Twins in a Real World with Non-Orthogonal Coordinate Systems

	Part 5. Enabling Sustainability
	The Impact of Sustainable Design Strategies on User Experience Across Different Product Types
	Leveraging Data Ecosystems in Model-Based Systems Engineering for Ecological, Circular Added Value
	Enhancing Sustainable Behavior Through Design: A Case Study of Trash Disposal Area in Learning Environment
	What's in a Number? Lesson Learning from Transdisciplinary Energy Interventions in Mexico

	Part 6. The Digital Business
	The Digital Transformation Competences for Brazilian Automotive Managers: A Transdisciplinary Engineering Approach
	Automating Collateral Management in Securities Lending: A Blockchain Approach
	Monitoring Schedule Adherence in High-Speed Manufacturing Lines
	AdaBoost-Based Transfer Learning Approach for Highly-Customized Product Quality Prediction in Smart Manufacturing

	Part 7. Exploring Design Practice
	Application of Scrum and Design Science Research in Crafting an Intelligent Battery Management System
	An Approach to Determine Similarity and Critical Path of Functions for Conceptual Design of Complex Products
	Revisiting the Philosophical Issues in the Practice of Engineering Design
	Supporting Transdisciplinary Research: Combining Design Research with Interactive Research

	Part 8. Exploring Collaborative Practices
	Aligning Stakeholders Viewpoints in Realizing Trustworthy CPS: Architectural Framework as a Boundary Object
	Topological Analysis to Enhance the Understanding of Transdisciplinary Engineering
	Transdisciplinary Platform Assets - A Boundary Object Perspective
	Explore Transdisciplinary Collaborations for Smart Device Development: Advancing Health-Related Smartwatch Designs for Social Impact

	Part 9. Green Transitions
	Model-Based Project Design for Green Transformation of the Maritime Industry
	Construction of Green Technology Innovation Efficiency Indicators and Regional Comparative Analysis: Based on SBM-DEA Model
	The First Rule of Transition Engineering Is Define the Wicked Problem
	A Transdisciplinary Engineering and Systems Approach for Decarbonizing UK Home Heating

	Part 10. People and Behaviour
	Eye-Tracking Insights into Traffic Controllers' Situation Awareness Levels and Workload Conditions
	A Study on Modelling Urban Pedestrians' Decision-Making Based on Time Series Prediction
	How to Prevent Short-Term Usage: Clarifying Wearer Requirements Through Model-Based Systems Approach and the Mind-Only School Perspective
	Transdisciplinary Engineering in Customer Behavior Analysis: Integrating RFM Modeling and K-Means Clustering for Predictive Insight

	Part 11. Health and Wellbeing
	Scenario-Based Analysis of Smart Product Acceptance for the Elderly in Home-Based Care
	Sustainable Mobility Service Design Considering Economic and Transportation Efficiency in an Aging Society in Japan
	Automated Usability and User Experience Assessment for Smart Products
	Detecting In-the-Wild Stress and Fatigue of Vessel Traffic Operators Based on Heart Rate Variability

	Part 12. Exploring Digital Twins
	Transdisciplinary Perspectives on Navigating Digital Twin Adoption
	Harnessing the Power of Digital Twins, BIM and XR-Technologies Elevating Transdisciplinary Research Methodologies
	Towards a Unified Approach Between Petri Net Modelling, WCM and Digital Twin for Reconfigurable Manufacturing System
	Promoting Cultural Heritage Through a Micro-Business by Means of a Digital Twin

	Part 13. Sustainability in Industry
	Transition Engineering Sprint with Oil Industry Experts: Finding the Possibility for Climate-Safe Business Strategies
	A Framework to Enhance Corporate Sustainability in Manufacturing Through Digital Technologies and System Thinking
	Platform-Enabled Product Realisation Supporting the Green Transition: On the Development of a Research Agenda
	A Transdisciplinary Approach to Optimising Distribution Efficiency: Integrating Human Factors for Sustainable Routing

	Part 14. Improving Efficiency in Industry
	Simulation-Based Service Business Process Design Method for Different Types of Demand Fluctuations
	Inventory Management Model Compromising the Three Trade-Offs in Ordering: Capital Efficiency, Opportunity Cost, and Transportation Cost
	Transdisciplinary Analysis of System Endurance due to Imbalanced Engineering Capability Using 3PE Modelling Framework
	Practical Experiment of Inventory Decision Support System for Apparel Practitioners Based on New-Released Product Sales Forecast

	Part 15. Digitalisation in Industry
	Digital Transformation in Industry X.0: Competency Management in Organizational Environment
	Towards a Digital Transformation and Human Factors Integrated Framework: Application of Structural Equation Modelling
	Brazilian Digital Transformation Readiness: A Transdisciplinary Engineering Approach in the Automotive Sector
	Digitalisation of Highly Regulated Sectors: Understanding Enablers for Digital Technology Adoption

	Part 16. Engineering Innovation and Teamwork
	Real-Time Measurement of Trust Dynamics in Global Virtual Teams
	Novel Approaches for Scaling up Engineering-Based Inclusive Innovation
	Transdisciplinary Engineering and Co-Creation Towards Human-Centric Smart Automation
	Knowledge Sharing Sessions: A Transdisciplinary Approach for Crossing the Boundary Between Academia and Industry

	Part 17. Key Issues in Transdisciplinary Engineering
	Interface Design Through Cultural Substrate--A Transdisciplinary Method
	Empathy-Led Digital Adoption Towards Happy and Sustainable Workforce
	The Use of AI and Robotics in Armed Conflicts
	Foundations of Transdisciplinary Engineering Theory: Sustainable Airport Application

	Part 18. Engineering Education
	Transdisciplinary Engineering Education: The Student Perspective
	Ensuring Student Active Engagement in Engineering Education
	Catching the Wanderer: Temporal and Visual Analysis of Mind Wandering in Digital Learning
	Providing Inclusive Transdisciplinary Coursework Assessment: What Happened Next?
	Socio-Ethical Challenges of Integrating Augmented Reality into Transdisciplinary Engineering Programs

	Part 19. IP and Innovation
	Patent Landscape of ADS Transdisciplinary Technologies and Their Impacts on a Country's Automotive Industry Development
	IP Dispute Analysis for Multidisciplinary UAV Technologies and Their Patent Claims
	Measures of Diffusion of Innovations: 4GLTE & 5G Telecom Technology
	Investigating the Transdisciplinary Nature of Air Traffic Management (ATM) Networks
	Issues and Challenges of Innovations and Intellectual Properties for Social Changes

	Part 20. Exploring Digital Tools
	On the Assessment of People-Related Opportunities in Digitalisation
	Transdisciplinary Support for Digital Adoption: Exploring Legitimacy Cards
	Human Decision Making Assisted by Artificial Intelligence: Electricity Demand Forecasting in Japan
	System Design of Behavioural Change Platform Service Using Digital Healthcare Technologies

	Part 21. Engineering Sustainability
	School Run to Net Zero: A Transition Engineering Labs Use Case Report
	Urban Carbon Management: A Transdisciplinary Engineering Challenge
	Corporate Organic Growth, Sustainability and Fulfilment of Climate Goals: A Transdisciplinary Approach
	Trade-Offs for a Balanced Smart City: A Transdisciplinary Approach for Quality of Life and Sustainability

	Part 22. Engineering Collaboration
	Systems-Theoretic Concept Design: Synchronizing Transdisciplinary Mental Models Across Disparate Stakeholder Views
	Boundary Objects Supporting Knowledge Integration in Product Realisation - An Assessment Process
	Identification and Facilitation: Can the Competencies for Multidisciplinary, Interdisciplinary, and Transdisciplinary Work Be Distinguished from One Another?
	Extended Reality Methods for Transdisciplinary Asynchronous Engineering

	Part 23. Transdisciplinarity in Management
	Needs Analysis for Time-Based Management in Next Generation Air Traffic Management System
	Reframing Higher Education Management: A Transdisciplinary Digital Framework for University Administration
	Professor-Course Affinity: A Transdisciplinary Approach to Standardize Faculty Staffing
	A Transdisciplinary Framework for Family Investments in Their Business

	Part 24. Energy and Sustainability
	Multi-Regional Modelling for Energy Systems Optimization for Open Discussion Based on OSS and Open Data
	Leveraging Large Language Models for Analyzing Climate Change Mitigation Technology Dissemination: A Case Study of Wind Power in the UK
	Clarification of Correlations on Perceptions for Offshore Wind Energy and Other Environmental Issues
	The Challenge of Ending Fuel Poverty: A Transition Engineering Research Sprint

	Part 25. Concepts and Practice
	Lessons Learned from International Business to Benefit the Practice of Transdisciplinary Engineering
	Argument for Convergence: Sustainability Diaspora to Corrective Transdiscipline
	Identifying Tools to Assist with Transdisciplinary Working
	Reframing the Role of Behavioural Interventions: Dominant Views and New Directions

	Author Index

