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Abstract
It has been acknowledged that global challenges are in the way of delivering responsible 
innovation, as reflected in the Sustainable Development Goals – a set of strategic objec-
tives formulated by the United Nations General Assembly, to promote environmentally, 
societally, and economically-sustainable development. Design higher education has an 
important role to play in equipping the next generation of professionals with knowledge 
and skills for tackling pressing system-level challenges. Sustainable design research and 
ways of integrating emerging technologies in future design higher education curricula 
have, separately, attracted significant interest in recent years. However, comparatively little 
effort has concentrated on the role that a broader range of technologies can play in shaping 
the design higher education provision with system-level sustainability challenges in mind. 
This article presents an analysis of 180 Design MSc dissertation projects, implemented 
at a UK higher education institution between 2019 and 2022, focusing on research chal-
lenges of societal and industrial relevance. The data set includes a mapping of dissertation 
projects to relevant technologies, industry sectors, and Sustainable Development Goals. 
Data analysis suggests a balanced distribution of projects across a range of sustainability 
goals, although under-represented thematic areas have also been highlighted. The meth-
ods adopted for this study, based on a systematic study of relational patterns reflecting 
associations of dissertation projects with technologies, industry sectors, and sustainability 
goals, provide a blueprint for future data-driven research on the role played by technologies 
within student projects in design higher education, with an emphasis on their relevance to 
sustainable innovation challenges.
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Introduction

It has been recognised that major global challenges, including those underlying the United 
Nations Sustainable Development Goals (SDGs) (UN SDGs, n.d.) are inherently complex 
and, as such, can often only be tackled effectively from a systems design perspective (Chen 
et al., 2021; Maier et al., 2022; Reynolds et al., 2018).

A visual representation of the 17 UN SDGs and their main purposes from (Leal Filho 
et al., 2022) is provided in Fig. 1.

The increasing degree of attention that interdisciplinary research methodologies and 
practices have received in recent years reflects, in part, this demand for innovation across 
traditional epistemological and methodological silos (Ashby & Exter, 2019; Body & Hab-
bal, 2016). “Healthcare, climate change, food security, energy, financial markets and qual-
ity of life are just a few examples of issues that require scientists and academics to work in 
a crossdisciplinary way” (Menken et al., 2016).

Fig. 1  Visual representation of the UN Sustainable Development Goals and their main purposes (Leal Filho 
et al., 2022)
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This has implications for design higher education, which has increasingly focussed 
on developing knowledge and skills across discipline boundaries over recent years, so 
that future graduates can be equipped for addressing challenges requiring the adop-
tion of system-level strategies (Menken et al., 2016). Broader scope of interdisciplinary 
dialogue has been advocated with reference to research training programmes (Tobi & 
Kampen, 2018), combined with stronger links between academic and industry stake-
holders towards the solution of well-defined problems (Mainzer, 2011). The fast-paced 
change to the role that design has been playing in the research and innovation land-
scape is highlighted by the evolution of the field from an initial emphasis on product 
and service design to a focus on socioeconomic challenges such as those associated 
with delivering equitable healthcare provision and addressing climate change (Khayal 
& Farid, 2021; Lawrence et al., 2020; Ceschin & Gaziulosoy, 2016). As a result, design 
has grown into an interdisciplinary field of enquiry and locus of academic and industrial 
innovation. The field is therefore in a privileged position for shaping graduate profiles to 
address future workforce requirements, particularly considering the critical role played 
by user-centred and system-level design in research and innovation (Kumar, 2009). 
Considering the extent of recent technology development, especially in relation to infor-
mation technology and computing, it has also been argued that polymathic thinking, i.e. 
the ability to establish connections and to examine “the intersection of ideas to under-
stand how different ’trades’ link, overlap, impact or depend upon one another”, building 
on “proficiency and expertise across multiple fields” (Manoharan, 2019), is needed for 
tackling contemporary challenges (Rodgers, 2007).

Whereas interdisciplinarity in design research has been praised as often essential for 
tackling complex societal challenges, a close relationship between interdisciplinary aca-
demic research and industry practice has been recognised as an important source of com-
petitive advantage, which further highlights the value of interdisciplinarity in design as a 
catalyst of innovation (Hacklin & Wallin, 2013). This underlines the value of design higher 
education programmes that rely on an overlap of multiple theoretical and methodologi-
cal lenses for tackling concrete design research challenges of relevance to private sector 
organisations. Successful design interdisciplinary programmes in higher education, with 
an emphasis on project-based integration between design and engineering skills (Self et al., 
2019; Voûte et  al., 2020), illustrate the value of “an intertwining of education, research, 
and practices in the industrial and wider societal context” (Voûte et al., 2020).

Considering the potentially-disruptive opportunities associated with the adoption of 
emerging technologies including Artificial Intelligence (AI), immersive technologies such 
as Virtual Reality and Augmented Reality, and the Internet of Things, it has been recog-
nised that design higher education programmes can benefit from innovation, if future grad-
uates are to be prepared to tackle the above-mentioned system-level challenges effectively. 
Increased breadth and depth of interdisciplinary collaboration as well as strengthened con-
nections across design researchers, practitioners, and stakeholders including third-sector 
and clinical organisations, have been advocated with a view to “addressing real problems 
and attempting to craft more sustainable futures” (Voûte et al., 2020).

It has been observed that “new insights and better answers to complex problems” often 
originate from “contrasting, connecting, adding and adapting concepts, theories and meth-
odologies from different disciplines” (Menken et al., 2016). This underlines the importance 
for the design higher education provision to embed interdisciplinary skills development in 
their programmes and to facilitate student exposure to multiple perspectives around well-
defined design challenges across a range of stakeholders, including universities, research 
institutions, and private organisations (Voûte et al., 2020).
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This priority, in turn, requires academics to be familiar with research cultures and method-
ologies across discipline boundaries, beyond their core areas of expertise and across multiple 
research and innovation contexts, so that students can be exposed to a range of methods across 
disciplines and professional practices and learn how to bring them together.

Education for sustainable development (Kioupi & Voulvoulis, 2022), design for sustainabil-
ity (Ceschin & Gaziulusoy, 2016), research into the potential of design for addressing the UN 
SDGs (Chou, 2021), and strategies for embedding emerging technologies such as Artificial 
Intelligence, Big Data, and the Internet of Things in future design higher education curricula 
(Self et al., 2019; Voûte et al., 2020) have, separately, attracted significant attention in recent 
years. However, a comparatively-smaller body of research has focused on the role that technol-
ogies can play in design higher education with reference to the UN SDGs. CERN IdeaSquare, 
an innovation space with access to technology and expertise from the European Organization 
for Nuclear Research, has been facilitating initiatives towards radical innovation capable of 
addressing societal needs (Thong et al., 2021). However, the emphasis is on ‘deep technolo-
gies’, namely technologies with potential for disruptive change that “demand significant intel-
lectual and economic capital to pursue” (Siegel & Krishnan, 2020). Despite the recognition of 
a need for additional investment in technologies and infrastructures towards achieving the UN 
SDGs (Leal Filho et al., 2022), little research has concentrated on the role that a broader range 
of technologies can play in design higher education, with a view to equipping future design 
professionals with knowledge and skills for tackling system-level challenges.

This article contributes to filling this gap by reporting and analysing data from 180 Design 
MSc dissertation projects completed at Brunel University London between 2019 and 2022. 
The aim is to generate objective representations of the role played by a range of technologies 
in the students’ work, with reference to sustainable design research themes reflected in the UN 
SDGs.

The objectives of the study are listed below:

• Objective 1. To assess how balanced the distribution of dissertation projects is across tech-
nologies, industry sectors, and UN SDGs;

• Objective 2. To identify areas for improvement to the MSc programme, with a view to 
encouraging a more balanced distribution of dissertation projects across the SDGs.

Following a discussion of the methods adopted for this study (Section "Methods"), results 
are presented (Section "Results") in the form of network graphs, made available online for 
interactive exploration, providing a visual representation of relational patterns relevant to asso-
ciations of dissertation projects with technologies, industry sectors, and sustainability themes. 
The manual annotations of individual dissertation projects, identified by custom keywords 
reflective of project scope, are provided as part of the results with reference to technologies, 
industry sectors, and sustainability themes. A discussion of the results from data analysis is 
presented (Section "Discussion"), followed by conclusions and recommendations towards fur-
ther development (Section "Conclusions and recommendations").

Methods

A Design MSc dissertation module at Brunel University London was used as a case study 
to assess the extent to which technologies, industry sectors, and UN SDGs are represented 
across student projects. Dissertation projects provide students with an opportunity to 
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pursue a piece of interdisciplinary research driven by a contemporary design challenge. 
The projects, implemented each year over a period of five months, address design chal-
lenges of societal and global relevance.

As part of their dissertation work, students research and evaluate well-formulated 
specialist integrated design research questions, based on review of published academic 
research and other information available in the public domain, and through engagement 
with research participants following approval by the Brunel Research Ethics Committee. 
Students can demonstrate appropriate use of methods relating to digital design, design 
and innovation management, and product design simulation and manufacture, as appropri-
ate depending on project scope, aim, and objectives. The projects require integration of 
knowledge, methods, and skills across user-centred design (Blessing & Chakrabarti, 2009), 
established systems engineering principles (Albers et al., 2005), and product engineering 
design methodology (Pahl & Beitz, 2013), depending on project scope.

The project specifics are the outcome of a consultation process involving students and 
academics. Where projects are proposed by (and implemented in collaboration with) UK 
businesses, the specifics of the work are defined jointly by students, academic supervisors, 
and business representatives. The primary goal behind this decision is to achieve alignment 
of the design research with the relevant business development strategies, while at the same 
time ensuring compliance with academic requirements.

Data about 180 Design MSc dissertation projects implemented at Brunel University 
London over three academic years (2019–20, 2020–21, 2021–22) were analysed, following 
a categorisation of projects by relevant technologies, industry sectors, and sustainability 
themes. The categorisation was performed manually by the authors based on the full dis-
sertation reports submitted by the students. Technologies were extracted from the World 
Intellectual Property Organisation (WIPO) Technology Classification (Schmoch, 2008). 
A list of industry sectors was obtained from the Industry Classification Benchmark (ICB) 
(FTSE Russel, n.d.). Custom keywords were employed for highlighting sustainability and 
more general design research themes of relevance to individual dissertation projects. The 
assignment of technologies, industry sectors, and design research themes to dissertations 
was iteratively refined following review by all authors. All 17 UN SDGs were considered, 
with a view to assessing the degree to which the dissertation projects are relevant to indi-
vidual sustainability themes without enforcing any a-priori selection.

A total of 102 dissertations were associated with one or more WIPO technology fields, 
90 with one or more ICB industry sectors, and 134 with one of more UN SDGs. Out of 134 
projects deemed relevant to one or more UN SDGs, 121 were associated with at least one 
technology or industry sector. The remaining student projects addressed design research 
topics that were not relevant to any WIPO technologies or ICB industry sectors or did not 
directly address any of the UN SDGs. Examples include design of inclusive support ser-
vices for parents, children, and pet owners, design for reduced levels of occupational stress 
and increased workplace productivity, and design of innovative solutions for the retail 
sector.

The academic team comprised 23 supervisors, with core expertise spanning user-
centred design, design for manufacture, computer-aided design, design for sustainabil-
ity, emerging technologies and innovation, inclusive design, immersive technologies, 
robotics, product and furniture design, industrial design, narrative design, electronics 
and sensors, design innovation, design history, graphic design, and healthcare design 
innovation. Academic supervisors had 5 + to 40 + years of professional experience, 
with research and innovation profiles often spanning academic research and industry 
practice. The broad spectrum of expertise of the academic team facilitated allocation 
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of individual dissertation projects to a suitable academic for supervision. Each project 
was assigned a second supervisor in a supporting role, typically with complementary 
expertise to the first (or primary) supervisor. Second supervisors played an important 
role during assessment of the dissertations, as they were less significantly involved in 
the implementation of the projects.

The WIPO technology classification adopted for this study (Schmoch, 2008) was devel-
oped with the aim of facilitating cross-country analysis of international patent records. It 
is based on International Patent Classification (IPC) codes and builds on a previous clas-
sification, namely ISI-OST-INPI, proposed by Fraunhofer ISI and by the Observatoire des 
Sciences et des Technologies (OST) with the French patent office (INPI) in 2005. The 2008 
WIPO technology classification covers 5 technology areas and 35 technology fields. Tech-
nology fields cover electrical engineering, audio-visual technology, telecommunications, 
digital and computer technology, control systems, and medical technology, among others. 
A full breakdown by technology areas and technology fields is reported in Table A1 (FTSE 
Russel, n.d.).

Whereas ISI-OST-INPI reflects an international trading landscape driven by a small 
number of countries at an advanced stage of industrialisation, the update to the 2008 WIPO 
classification was driven by a need to include emerging countries. Key requirements in the 
development of the 2008 WIPO technology classification were (i) to cover all IPC codes, 
(ii) to select technology field size in such a way that numbers of international patent appli-
cations could be evened out across technology fields, and (iii) to ensure an appropriate level 
of differentiation in order to avoid excessive detail blurring general structures (Schmoch, 
2008). Whereas it was acknowledged that a degree of heterogeneity within technology 
fields can hardly be avoided, experience with ISI-OST-INPI and with prior classifications 
highlighted that introducing specific technology fields on grounds of topical interest is ulti-
mately of limited usefulness, as topicality is often short-lived. The 2008 WIPO classifica-
tion was designed to operate at a higher aggregation level towards longer relevance as the 
technological landscape evolves. Moreover, the area of information technology is associ-
ated with a higher number of technology fields than in ISI-OST-INPI, therefore provid-
ing a higher degree of granularity. The MSc dissertation topics covered in this study were 
selected based on relevance to current challenges in design research and design industry 
practice, and there is no requirement on dissertation projects to cover a range of technolo-
gies. For this reason, not all WIPO technology areas and fields are represented in the MSc 
dissertation projects analysed in this study.

Table 1 summarises the scope of the 2008 WIPO technology fields relevant to the MSc 
dissertations reported in this article, and provides additional information about the corre-
sponding dissertation topics.

For this study, industry sectors were obtained from the Industry Classification Bench-
mark (ICB) (FTSE Russel, n.d.). The ICB classification was designed to aid international 
comparison of companies and is based on four levels, namely ‘Industry’, ‘Supersector’, 
‘Sector’, and ‘Subsector’. To illustrate the level of detail associated with the different 
levels, information from the ICB classification for ‘Industrials’ is given in the Appendix 
(Figs. A1, A2, A3, A4 and A5). Whereas ICB is used for allocating businesses to Sub-
sectors based on revenue sources, the classification was not used with reference to indi-
vidual businesses in the context of this study. Instead, Design MSc dissertation projects 
were associated with relevant industry sectors based on project scope, aim, objectives, and 
nature of the outputs. Considering the topics of the design dissertations analysed for this 
study, ICB information at the Sector level was deemed appropriate for mapping disserta-
tion projects to industry sectors.
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Information about ICB Sectors relevant to the MSc dissertations considered as part of 
this study, adapted from (FTSE Russel, n.d.), is provided in Table 2. Dissertation projects 
deemed relevant to industry sectors in Table 2 were not necessarily implemented in col-
laboration with an industry partner, but rather reflect the relevance of dissertation work to 
selected industry sectors.

Network graphs were generated from the data, in order to provide interactive visual rep-
resentations of how individual dissertation projects are positioned with reference to tech-
nologies and industry sectors. The data were processed using Python 3.6.9 custom scripts 
relying on the following libraries: NetworkX 2.5.1, Pyvis 0.1.9, VisJS 4.16.1. Interactive 
network graphs were generated, providing access to keywords reflecting themes relevant 
to individual dissertations as well as labels from the manual annotation process based on 
the WIPO Technology Classification (Schmoch, 2008), the Industry Classification Bench-
mark (ICB) (FTSE Russel, n.d.), UN SDGs, as well as custom keywords reflecting design 
research themes, extracted from the body of the student dissertations.

Results

A full anonymised list of dissertation projects with the corresponding manual annota-
tions (technologies, industry sectors, UN SDGs, and design research themes) is provided 
in Table A2. Information relevant to individual dissertation projects can also be accessed 
interactively via the network graphs.

Figure 2 displays a network graph showing the mapping of individual student projects 
(red nodes) to technologies according to the 2008 WIPO classification (blue nodes). Tech-
nology node labels are displayed in the graph. An edge between a red and a blue node indi-
cates that the corresponding technology was relevant to the dissertation project. The size 
of the blue nodes is proportional to the corresponding number of edges. Larger blue nodes 
therefore relate to technologies relevant to a higher number of dissertation projects within 
the dataset analysed in this study. Nodes were positioned using the Barnes Hut force-
directed layout algorithm (Díaz et al., 2002), whereby connected nodes are brought closer 
together and a trade-off with repulsion between nodes leads to a surveyable layout. Indi-
vidual node locations ultimately reflect the relational embedding of each node in the con-
text of the entire network as opposed to local properties exclusively. This results in nodes 
with a higher number of edges and a higher degree of ‘topological importance’ within the 
network being positioned towards the centre of the graph, which in turn improves the inter-
pretability of the visual representation.

A network graph displaying a mapping between dissertations and ICB industry sectors is 
displayed in Fig. 3. Red and blue nodes correspond to individual dissertations and to indus-
try sectors, respectively. Key industry sectors are labelled in the graph, the four unlabelled 
smaller network fragments corresponding to ‘Waste and Disposal Services’, ‘Travel and 
Leisure’, ‘Retailers’, and ‘Gas, Water and Multi-utilities’. Edges between red and blue nodes 
indicate which dissertations are relevant to which industry sectors. As in Fig. 2, blue node 
size is proportional to the corresponding number of edges. The network graph shows a hier-
archical arrangement of clusters, with ‘Health Care Providers’, ‘Technology Hardware and 
Equipment’, ‘Software and Computer Services’, ‘Industrial Engineering’, and ‘Household 
Goods and Home Construction’ forming a larger cluster distinguished from smaller and often 
isolated clusters. It is worth noting that node position in the network graphs is determined 
by graph layout algorithms and reflects local relational patterns as well as global network 
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Fig. 2  Network graph showing individual MSc dissertation projects (red circles) and the technologies 
relevant to them (blue circles). Technologies have been labelled in the graph

Fig. 3  Network graph showing individual MSc dissertation projects (red circles) and the Industry 
Classification Benchmark industry sectors relevant to them (blue circles). Industry sectors have been 
labelled in the graph
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connectivity. For example, ‘Health Care Providers’ being closer to ‘Technology Hardware 
and Equipment’ and ‘Software and Computer Services’, and farther from ‘Household Goods 
and Home Construction’, carries information about ‘Health Care Providers’ having higher 
thematic similarity with ‘Technology Hardware and Equipment’ and ‘Software and Computer 
Services’ than ‘Household Goods and Home Construction’, as reflected in the data. Smaller 
clusters disconnected from the rest of the network correspond to industry sectors that have 
been discussed in one or more dissertations in isolation, i.e. without reference to any other 
industry sectors. Examples are ‘Food Producers’, ‘Personal Goods’, ‘Industrial Transporta-
tion’, and ‘Alternative Energy’. The presence of such isolated clusters highlights an oppor-
tunity for encouraging dissertation topics and projects of relevance to multiple industry sec-
tors, which is expected to increase further the economic and societal relevance of the student 
dissertations. The corresponding network graph showing associations between dissertation 
projects (red nodes) and UN SDGs (blue nodes) is displayed in Fig. 4.

The network graphs displayed in Figs.  2, 3 and 4 are available online and can be 
explored interactively via the following links: technologies network graph, industry sec-
tors network graph; UN SDG network graph. Text containing additional information 
about individual nodes can be accessed by hovering over the nodes of interest. All per-
sonal identifying information (relating to both students and academic supervisors) was 
removed from the data for the purpose of publication.

Discussion

Given the nature of the layout algorithm employed for node positioning, the position of 
each node in the graphs displayed in Figs. 2, 3 and 4 reflects the corresponding relational 
patterns with other nodes, considering not only local connections but also the topology of 

Fig. 4  Network graph showing individual MSc dissertation projects (red circles) and the UN SDGs relevant 
to them (blue circles). SDGs relevant to a higher number of dissertations have been labelled in the graph
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the graph in its entirety. As a result, nodes connected via edges to a higher number of other 
nodes across the network tend to be positioned more centrally in the graph. Such network 
graph features are useful for visualising complex relational patterns and have been relied 
upon in a range of studies across research domains such as bibliometrics, focusing on sta-
tistical analysis of publications including academic literature and patents (Glänzel, 2012), 
and social network analysis (Meghanathan, 2017), among others.

Key technologies of relevance to the MSc dissertation projects analysed in this study 
stand out in Fig. 2 as having a higher number of edges connecting them to individual pro-
jects, and therefore correspond to blue nodes with larger size. Whereas some (red) project 
nodes cluster around one single (blue) technology node, e.g. with reference to environmen-
tal technology and medical technology, others are connected to more than one technology 
node and are therefore visualised as nodes positioned more centrally in the graph. These 
include projects relying on Information Technology as well as on technology relevant to 
systems control and digital communication.

The graph displayed in Fig. 3 shows dissertation projects clustering around industry sec-
tors, most projects being relevant to a single sector. A smaller number of projects, primar-
ily relevant to hardware equipment and software services – in some instances in relation 
to healthcare provision – have more than one industry sector relevant to them. This often 
reflects broader research interests of students and academics.

Regarding pertinence of the dissertation projects to the UN SDGs, a prominent number 
of projects is relevant to sustainable cities and communities and to health and wellbeing, 
as shown in Fig. 4. Most projects tend to cluster around a single SDG, although some span 
more than one sustainability theme. This minority of projects which span more than one 
SDG, including health and wellbeing, sustainable cities and communities, and reduced ine-
quality, again reflects the range of interests of the students and of the academics involved.

It should be noted that there is currently no academic requirement for dissertation pro-
jects to span multiple technologies, industry sectors or UN SDGs, and the relational pat-
tens highlighted in Figs. 2, 3 and 4 reflect the students’ design research interests and the 
supervisors’ research expertise. On the other hand, it can be argued that a more balanced 
distribution of dissertation projects across SDGs could be a desirable feature of the MSc 
teaching provision. To achieve this in future, students and supervisors could be encouraged 
to address a broader range of design research themes relevant to sustainable innovation.

Conclusions and recommendations

This analysis of 180 Design MSc dissertation projects implemented at Brunel University 
London from 2019 to 2022 has highlighted relevance to a range of technologies, indus-
try sectors, and sustainable design research themes. A good degree of project diversifi-
cation was observed across the UN SDGs. Technologies relevant to digital communica-
tion, systems control, and data processing software, as well as medical technology, were 
found to be pertinent to a higher number of dissertation projects in the dataset analysed. 
Regarding industry sectors, a significant number of student projects were relevant to 
healthcare provision, household goods and home construction, personal goods, as well 
as software and computer services. Approximately 20 dissertation projects were imple-
mented in close collaboration with a UK-registered business qualifying as a Small and 
Medium Enterprise. In those instances, the project briefs were initially proposed by the 
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businesses, primarily operating in the healthcare, software and computer services, and 
household goods sectors, and refined in collaboration with Design academics. Industry 
partners contributed to the projects with a varying degree of involvement, typically by 
providing feedback on design concepts and additional guidance to the students. Planned 
improvements to the Design MSc provision include enhancing the number and scope of 
such collaborative projects in the future, to increase further the economic and societal 
relevance of the student dissertations.

The results hold potential for informing future revision of the Brunel Design MSc pro-
vision at module and programme level. A current minority of dissertation projects, often 
corresponding to nodes positioned outside graph relational cores, were found to be relevant 
to multiple technologies and sustainable design research themes. It is argued that condi-
tions could be put in place for such projects, complementing others addressing a single 
technology or SDG, to play a more prominent role in future, with a view to encouraging 
students to develop broader skillsets. The analysis also suggests that academic supervisors 
with broader knowledge and more pronounced integrative capabilities, often but not always 
reflecting a higher number of years in professional practice including experience outside 
academia, can be equally well suited to supervision of dissertation projects around contem-
porary design challenges as are those with more specialised academic profiles.

Except for a minority of dissertation projects that were directly initiated by stu-
dents based on own research ideas, most project briefs were based on preferences 
expressed by students across a range of design research themes and topics sug-
gested by academics. Raising academic supervisor awareness of how dissertation 
projects have been associated with technologies, industry sectors, and sustainable 
design research themes in recent years, and encouraging academics to consider a 
broader range of technologies and UN SDGs when presenting dissertation project 
ideas to the students are therefore expected to be beneficial with a view to pro-
moting a more balanced distribution of future projects across SDGs. More gener-
ally, the methods employed in this study provide a blueprint for future data-driven 
analyses of the role played by a range of technologies in the context of student 
projects in higher education, with an emphasis on their relevance to sustainable 
design research themes. Insights generated from such analyses can, in turn, inform 
interventions to strengthen further the design higher education provision, with a 
view to empowering future design professionals to become catalysts of responsible 
technology-enabled innovation over the course of their careers.

Appendix

Table A1 provides a breakdown of the 2008 WIPO technology classification by technol-
ogy areas and fields. The relevant IPC codes are included. The hash symbol in the right-
most column is used to indicate all IPC codes starting with the relevant string. Parenthe-
ses are used in conjunction with logic NOT operators where ambiguity could otherwise 
arise. Commas in the right-most column correspond to logic OR operators.



374 F. Colecchia et al.

Ta
bl

e 
A

1 
 T

ec
hn

ol
og

y 
ar

ea
s a

nd
 fi

el
ds

 in
 th

e 
20

08
 W

IP
O

 c
la

ss
ifi

ca
tio

n.
 S

ou
rc

e 
W

IP
O

 IP
C

 T
ec

hn
ol

og
y 

C
on

co
rd

an
ce

 T
ab

le
 (S

ch
m

oc
h,

 2
00

8)

Te
ch

no
lo

gy
 a

re
a

Te
ch

no
lo

gy
 fi

el
d

IP
C

 c
od

es

El
ec

tri
ca

l e
ng

in
ee

rin
g

El
ec

tri
ca

l m
ac

hi
ne

ry
, a

pp
ar

at
us

, e
ne

rg
y

F2
1#

, H
01

B
, H

01
C

, H
01

F,
 H

01
G

, H
01

H
, H

01
J, 

H
01

K
, H

01
M

, H
01

R
, H

01
T,

 H
02

#,
 H

05
B

, H
05

C
, H

05
F,

 
H

99
Z

A
ud

io
-v

is
ua

l t
ec

hn
ol

og
y

G
09

F,
 G

09
G

, G
11

B
, H

04
N

-0
03

, H
04

N
-0

05
, H

04
N

-0
09

, H
04

N
01

3,
 H

04
N

-0
15

, H
04

N
-0

17
, H

04
R

, H
04

S,
 

H
05

K
Te

le
co

m
m

un
ic

at
io

ns
G

08
C

, H
01

P,
 H

01
Q

, H
04

B
, H

04
H

, H
04

J, 
H

04
K

, H
04

M
, H

04
N

00
1,

 H
04

N
-0

07
, H

04
N

-0
11

, H
04

Q
D

ig
ita

l c
om

m
un

ic
at

io
n

H
04

L
B

as
ic

 c
om

m
un

ic
at

io
n 

pr
oc

es
se

s
H

03
#

C
om

pu
te

r t
ec

hn
ol

og
y

(G
06

# 
no

t G
06

Q
), 

G
11

C
, G

10
L

IT
 m

et
ho

ds
 fo

r m
an

ag
em

en
t

G
06

Q
Se

m
ic

on
du

ct
or

s
H

01
L

In
str

um
en

ts
O

pt
ic

s
G

02
#,

 G
03

B
, G

03
C

, G
03

D
, G

03
F,

 G
03

G
, G

03
H

, H
01

S
M

ea
su

re
m

en
t

G
01

B
, G

01
C

, G
01

D
, G

01
F,

 G
01

G
, G

01
H

, G
01

J, 
G

01
K

, G
01

L,
 G

01
M

, (
G

01
N

 n
ot

 G
01

N
-0

33
), 

G
01

P,
 

G
01

R
, G

01
S;

 G
01

V,
 G

01
W

, G
04

#,
 G

12
B

, G
99

Z
A

na
ly

si
s o

f b
io

lo
gi

ca
l m

at
er

ia
ls

G
01

N
-0

33
C

on
tro

l
G

05
B

, G
05

D
, G

05
F,

 G
07

#,
 G

08
B

, G
08

G
, G

09
B

, G
09

C
, G

09
D

M
ed

ic
al

 te
ch

no
lo

gy
A

61
B

, A
61

C
, A

61
D

, A
61

F,
 A

61
G

, A
61

H
, A

61
J, 

A
61

L,
 A

61
M

, A
61

N
, H

05
G



375Interdisciplinary integrative capabilities as a catalyst…

Ta
bl

e 
A

1 
 (c

on
tin

ue
d)

Te
ch

no
lo

gy
 a

re
a

Te
ch

no
lo

gy
 fi

el
d

IP
C

 c
od

es

C
he

m
ist

ry
O

rg
an

ic
 fi

ne
 c

he
m

ist
ry

(C
07

B
, C

07
C

, C
07

D
, C

07
F,

 C
07

H
, C

07
J, 

C
40

B
) n

ot
 A

61
K

, A
61

K
-0

08
, A

61
Q

B
io

te
ch

no
lo

gy
(C

07
G

, C
07

K
, C

12
M

, C
12

N
, C

12
P,

 C
12

Q
, C

12
R

, C
12

S)
 n

ot
 A

61
K

Ph
ar

m
ac

eu
tic

al
s

A
61

K
 n

ot
 A

61
K

-0
08

M
ac

ro
m

ol
ec

ul
ar

 c
he

m
ist

ry
, p

ol
ym

er
s

C
08

B
, C

08
C

, C
08

F,
 C

08
G

, C
08

H
, C

08
K

, C
08

L

Fo
od

 c
he

m
ist

ry
A

01
H

, A
21

D
, A

23
B

, A
23

C
, A

23
D

, A
23

F,
 A

23
G

, A
23

J, 
A

23
K

, A
23

L,
 C

12
C

, C
12

F,
 C

12
G

, C
12

H
, C

12
J, 

C
13

D
, C

13
F,

 C
13

J, 
C

13
K

B
as

ic
 m

at
er

ia
ls

 c
he

m
ist

ry
A

01
N

, A
01

P,
 C

05
#,

 C
06

#,
 C

09
B

, C
09

C
, C

09
F,

 C
09

G
, C

09
H

, C
09

K
, C

09
D

, C
09

J, 
C

10
B

, C
10

C
, C

10
F,

 
C

10
G

, C
10

H
, C

10
J, 

C
10

K
, C

10
L,

 C
10

M
, C

10
N

, C
11

B
, C

11
C

, C
11

D
, C

99
Z

M
at

er
ia

ls
, m

et
al

lu
rg

y
C

01
#,

 C
03

C
, C

04
#,

 C
21

#,
 C

22
#,

 B
22

#

Su
rfa

ce
 te

ch
no

lo
gy

, c
oa

tin
g

B
05

C
, B

05
D

, B
32

#,
 C

23
#,

 C
25

#,
 C

30
#

M
ic

ro
-s

tru
ct

ur
e 

an
d 

na
no

-te
ch

no
lo

gy
B

81
#,

 B
82

#

C
he

m
ic

al
 e

ng
in

ee
rin

g
B

01
B

, B
01

D
-0

00
#,

 B
01

D
-0

1#
#,

 B
01

D
-0

2#
#,

 B
01

D
-0

3#
#,

 B
01

D
04

1,
 B

01
D

-0
43

, B
01

D
-0

57
, B

01
D

-0
59

, 
B

01
D

-0
6#

#,
 B

01
D

-0
7#

#,
 B

01
F,

 B
01

J, 
B

01
L,

 B
02

C
, B

03
#,

 B
04

#,
 B

05
B

, B
06

B
, B

07
#,

 B
08

#,
 D

06
B

, 
D

06
C

, D
06

L,
 F

25
J, 

F2
6#

, C
14

C
, H

05
H

En
vi

ro
nm

en
ta

l t
ec

hn
ol

og
y

A
62

D
, B

01
D

-0
45

, B
01

D
-0

46
, B

01
D

-0
47

, B
01

D
-0

49
, B

01
D

-0
50

, B
01

D
-0

51
, B

01
D

-0
52

, B
01

D
-0

53
, 

B
09

#,
 B

65
F,

 C
02

#,
 F

01
N

, F
23

G
, F

23
J, 

G
01

T,
 E

01
F-

00
8,

 A
62

C



376 F. Colecchia et al.

Ta
bl

e 
A

1 
 (c

on
tin

ue
d)

Te
ch

no
lo

gy
 a

re
a

Te
ch

no
lo

gy
 fi

el
d

IP
C

 c
od

es

M
ec

ha
ni

ca
l e

ng
in

ee
rin

g
H

an
dl

in
g

B
25

J, 
B

65
B

, B
65

C
, B

65
D

, B
65

G
, B

65
H

, B
66

#,
 B

67
#

M
ac

hi
ne

 to
ol

s
B

21
#,

 B
23

#,
 B

24
#,

 B
26

D
, B

26
F,

 B
27

#,
 B

30
#,

 B
25

B
, B

25
C

, B
25

D
, B

25
F,

 B
25

G
, B

25
H

, B
26

B

En
gi

ne
s, 

pu
m

ps
, t

ur
bi

ne
s

F0
1B

, F
01

C
, F

01
D

, F
01

K
, F

01
L,

 F
01

M
, F

01
P,

 F
02

#,
 F

03
#,

 F
04

#,
 F

23
R

, G
21

#,
 F

99
Z

Te
xt

ile
 a

nd
 p

ap
er

 m
ac

hi
ne

s
A

41
H

, A
43

D
, A

46
D

, C
14

B
, D

01
#,

 D
02

#,
 D

03
#,

 D
04

B
, D

04
C

, D
04

G
, D

04
H

, D
05

#,
 D

06
G

, D
06

H
, D

06
J, 

D
06

M
, D

06
P,

 D
06

Q
, D

99
Z,

 B
31

#,
 D

21
#,

 B
41

#

O
th

er
 sp

ec
ia

l m
ac

hi
ne

s
A

01
B

, A
01

C
, A

01
D

, A
01

F,
 A

01
G

, A
01

J, 
A

01
K

, A
01

L,
 A

01
M

, A
21

B
, A

21
C

, A
22

#,
 A

23
N

, A
23

P,
 B

02
B

, 
C

12
L,

 C
13

C
, C

13
G

, C
13

H
, B

28
#,

 B
29

#,
 C

03
B

, C
08

J, 
B

99
Z,

 F
41

#,
 F

42
#

Th
er

m
al

 p
ro

ce
ss

es
 a

nd
 a

pp
ar

at
us

F2
2#

, F
23

B
, F

23
C

, F
23

D
, F

23
H

, F
23

K
, F

23
L,

 F
23

M
, F

23
N

, F
23

Q
, F

24
#,

 F
25

B
, F

25
C

, F
27

#,
 F

28
#

M
ec

ha
ni

ca
l e

le
m

en
ts

F1
5#

, F
16

#,
 F

17
#,

 G
05

G

Tr
an

sp
or

t
B

60
#,

 B
61

#,
 B

62
#,

 B
63

B
, B

63
C

, B
63

G
, B

63
H

, B
63

J, 
B

64
#

O
th

er
 fi

el
ds

Fu
rn

itu
re

, g
am

es
A

47
#,

 A
63

#
O

th
er

 c
on

su
m

er
 g

oo
ds

A
24

#,
 A

41
B

, A
41

C
, A

41
D

, A
41

F,
 A

41
G

, A
42

#,
 A

43
B

, A
43

C
, A

44
#,

 A
45

#,
 A

46
B

, A
62

B
, B

42
#,

 B
43

#,
 

D
04

D
, D

07
#,

 G
10

B
, G

10
C

, G
10

D
, G

10
F,

 G
10

G
, G

10
H

, G
10

K
, B

44
#,

 B
68

#,
 D

06
F,

 D
06

N
, F

25
D

, A
99

Z
C

iv
il 

en
gi

ne
er

in
g

E0
2#

, E
01

B
, E

01
C

, E
01

D
, E

01
F-

00
1,

 E
01

F-
00

3,
 E

01
F-

00
5,

 E
01

F-
00

7,
 E

01
F-

00
9,

 E
01

F-
01

#,
 E

01
H

, 
E0

3#
, E

04
#,

 E
05

#,
 E

06
#,

 E
21

#,
 E

99
Z



377Interdisciplinary integrative capabilities as a catalyst…

Table A2 contains a full anonymised list of the MSc dissertation projects analysed for 
this study, including manual annotations (technologies, industry sectors, UN SDGs, and 
design research themes)

Figures A1, A2, A3, A4 and A5 illustrate the level of detail associated with ‘Industry’, 
‘Supersector’, ‘Sector’, and ‘Subsector’ in the ICB classification with reference to ‘Indus-
trials’ (FTSE Russel, n.d.).

Fig. A1  ICB classification with reference to ‘Industrials’: ‘Industry’, ‘Supersector’, ‘Sector’, ‘Subsector’. (FTSE 
Russel, n.d.)

Fig. A2  ICB classification with reference to ‘Industrials’: ‘Industry’, ‘Supersector’, ‘Sector’, ‘Subsector’ 
(continued from Fig. A1). (FTSE Russel, n.d.)
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Fig. A3  ICB classification with reference to ‘Industrials’: ‘Industry’, ‘Supersector’, ‘Sector’, ‘Subsector’ 
(continued from Fig. A2). (FTSE Russel, n.d.)

Fig. A4  ICB classification with reference to ‘Industrials’: ‘Industry’, ‘Supersector’, ‘Sector’, ‘Subsector’ 
(continued from Fig. A3). (FTSE Russel, n.d.)
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