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ABSTRACT

There is a recognized need for innovators with design capability to translate deep technology into applications that consider
desirable futures and positive societal impact. Challenge Based Innovation A3 (CBI A3) is an interdisciplinary program that aims to
develop such capability in university students’ using an integrated curriculum featuring design skills combining four domains: deep
technology, societal needs, radical innovation, and future thinking. This paper describes the CBI A% program and discusses exploratory
research using a mixed methods approach of observations, reflections, and before and after surveys measuring growth in student
confidence. Initial findings indicate CBI A3 program achieves its learning objectives, recommending further in-depth research to
validate findings and broaden understanding of specific tools and curriculum approaches for both professional practice and educational

settings.
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INTRODUCTION

Deep technologies, such as those developed at CERN,
have great potential although aligning a specific
technology with a human or societal need or desire can be
challenging (Mesa et al., 2019). Without this alignment,
new products, whether physical or digital objects,
environments, services, systems, or experiences, may lack
relevance and value in a market. Design approaches can
assist with this alignment since design, as a discipline, is
concerned with synthesising human desirability, technical
feasibility, and economic viability into tangible product
forms (Doorley et al., 2018). There is a need for
innovators with design capability to translate deep
technology into applications that consider desirable
futures and positive societal impact.

Relevant design-based approaches, such as design
thinking, social innovation, and user-centred design, are
commonly taught in tertiary education systems globally.
However, design approaches are often taught
independently of one another: one course focuses on
technology, another focuses on social innovation, and so
forth, leaving students with no guidance on integrative
and interdisciplinary approaches needed by future
innovators to address complex, real-world challenges.
(World Economic Forum, 2020).

A few universities around the globe address design
capability for deep technology translation through
IdeaSquare, CERN’s Challenge Based Innovation (CBI)
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initiative. All CBI programs use design-inspired methods
and CERN technology to meet United Nation’s
Sustainable Development Goals (UN SDG); however,
each takes a different approach.

This paper explores the CBI A% program established
in 2017 by Design Factory Melbourne at Swinburne
University of Technology in Australia in collaboration
with IdeaSquare, CERN and run in partnership with other
Design Factories. Design Factories are platforms with
aligned values around creating the conditions for
innovation and interdisciplinary collaboration on applied
projects, thereby forming the Global Design Factory
Network. Design Factories from four different countries
participate in CBI A3; Design Factory Melbourne at
Swinburne  University, Australia; inno.space at
Hochschule Mannheim, Germany; New York City Design
Factory at Pace University, U.S.A.; and Porto Design
Factory at Politéchnico do Porto, Portugal. CBI A3 aims
to foster competency in radical design innovation and in
future-focused design outcomes concerned  with
technology and societal needs. The research question
addressed in this paper is: “To what extent does CBI A3
program foster design skills in relation to deep
technology, societal need, radical innovation and future
thinking?”
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THEORETICAL BACKGROUND

Deep technology is understood as technology from
advanced engineering and science, emerging from long-
term R&D, with the capacity to address complex human
challenges (Chow, 2019). Deep technology often remains
unexploited and needs a champion to drive commercial
translation, identify and explore market and new product
opportunities early, and manage investment risk
associated with high expense and inherently long
timeframes (e.g., ten years) (Mesa et.al, 2019). Deep
technology has the potential to change markets radically,
address complex societal challenges, and produce great
financial value for society (Alphabeta, 2020). Thus,
successful future innovators must apply design skills that
integrate technology, societal need, radical innovation,
and future thinking.

The UK Design Council (2021) has recently
acknowledged that “Design builds a bridge between
technological research and innovation and their
application to social practice”. Verganti (2009) states that
the intersection of design and technology domains is
necessary to create radical shifts in product meaning and
performance since user-centred design alone is not a
strong enough catalyst for radical innovation. However,
user-centred design may maximise the potential of a
radical product innovation (Norman & Verganti, 2014).
Lande and Leifer (2010) further define design’s capacity
for radical innovation, suggesting design thinking and
future thinking are modes of generating breakthrough
innovation, the difference being time horizons.
Technology application for social good is gaining
traction, with specific programs emerging such as:
Stanford’s Ethics, Society, and Technology Hub
(Stanford University, 2021), EU funded ATTRACT
Phase 2 (2021), Harvard Computer Society (2020) Tech
for Social Good, and the SGInnovate (2020) Deep Tech
for Good initiative. The value of integrating design with
technology and social innovation is supported by
Sambasivan (2019) suggesting “...a more generative and
fruitful approach to designing technologies for social
good by asking critical questions in design”. While these
programs integrate design skills with some of CBI A%®s
four domains (technology, societal needs, future thinking,
and radical innovation), none integrate them all.

The idea of integrated curriculum has many
interpretations and models; however, all make meaningful
associations across different domains and view learning
as holistic, real-world and interactive (Anderson, 2013).
Integrated curriculum has many benefits for students,
including increased self-confidence and motivation,
deeper learning, and higher academic scores (Drake &
Reid, 2018). While Fogarty (1991) offers the seminal 10
level continnum for integrated curriculum, Drake and
Reid (2018) present a simplified continuum using
universal descriptors more suited to higher education.
Their simplified continuum levels are 1) Fusion: a
‘traditional” single subject is infused with other concepts,

2) Multi-disciplinary: a theme unites learning, but
discipline boundaries remain distinct 3) Interdisciplinary:
a specific skill/s, catalyses learning across different
disciplines with boundaries present but less important,
and 4) Transdisciplinary: a challenging issue is at the
centre of learning and disciplinary distinctions dissolve.

Description of the CBI A% program

CBI A® draws on both interdisciplinary and
transdisciplinary models for integrated curriculum (Drake
& Reid, 2018) as demonstrated in Fig. 1. From our
research, CBI A? is the first program to integrate this
combination of design inquiry, deep technology, societal
needs, radical innovation and future thinking into one
experience. Corresponding to the interdisciplinary model,
the central inquiry is design skills to catalyse learning
across the four domains. Design skills refer to skills used
in design occupations; they are most commonly
associated with application in sectors of the economy and
strongly associated with innovation (UK Design Council,
2018). Corresponding to the transdisciplinary model, a
societal challenge is set based on UN SDGs, which
strengthens the societal needs component of learning.
However, the CBI A3 program more closely follows the
interdisciplinary model, as it maintains some level of
disciplinary distinction to support clear communication,
scaffolding and expectations across the range of different
stakeholders involved with the course.

Interdisciplinary Transdisciplinary
Model Model
Drake & Reid, 2018 Drake & Reid,

CBI A3 Hybrid Interdisciplinary-
Transdisciplinary Model
adapted from Drake & Reid, 2018)

design-based challenge,
inquiry skills UN SDG
societal need

futures
thinking

CBI) A® innovation

Fig. 1. Models of integrated curriculum visualised.

CBI A% is a higher education course for students from
a range of different disciplines including design, business,
humanities, science, and engineering. Students are
typically at Master’s level, with some final year
Undergraduates students. Each institution integrates CBI
A3 as an elective subject, awards credit equivalent to
approximately 600hrs, and defines its own assessment
requirements. All other aspects of the CBI A® program
curriculum  remaining consistent and  partnering
institutions form a teaching team to collectively
supporting student learning.

The CBI A® program community cooperates remotely,
which entails work with coaches from CERN and online
collaboration platforms. Students work in teams at their
own institutions over a period of six and a half months.
Global community is typically established through a two-
week design intensive at ldeaSquare CERN, where
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students engage in CERN site visits, work with local
stakeholders, absorb new ways of thinking and work
intensively on their projects.

A range of topics and tools form a uniquely curated
curriculum aiming to scaffold learning in design skills,
technology, societal needs, radical innovation, and future
thinking, relevant to the UN SDG challenge posed by CBI
A3, Conceptual and theoretical foundations, as well as
practical tools and guided exercises, are curated for each
area, with some original tools developed for CBI A%, Tab.
1 identifies learning support for each area, organised
according to phases of the CBI A® course.

Table 1. Curriculum map for phases 1 and 2 of CBI A3
supporting design skills and the four domains. Regular text
denotes topic areas that cover theory, practices/tools and
activities. Italics denotes a tool or activity only. *Denotes
original to CBI A3,

Circular Design

Design Thinking
Strategic Design

Socially Responsible
Design

34

Aligned with Drake and Reid’s (2018)
interdisciplinary model, distinctions among the four
domains are maintained, with design skills acting as the
integrating agent. However, the boundaries are blurred as
some topics and exercises inherently support multiple
areas of learning, for example speculative design
simultaneously supports design skills, radical innovation
and future thinking. Aligned with Drake and Reid’s
(2018) transdisciplinary model, components of design
thinking, as the integrating feature, help students discover
needs and ask relevant questions.

The CBI A3 program has two phases. Phase 1 defines
project direction as shown in Fig. 2. Each year one
specific UN SDG is selected, for example, “SDG 3. Good
Health and Wellbeing”, and student teams capture local
problems relating to the selected UN SDG using
‘opportunity cards’ as a learning tool. Student teams also
prepare CERN ‘technology cards’ as a learning tool for
understanding technology in their own terms. Opportunity
and technology cards are used with customised ideation
workshops to explore a wide range of radical ideas for
2030 design outcomes. This approach allows students to
find meaningful connections between technology and
societal needs, out of which they choose their own
direction for Phase 2.

Phase 1 cBIY A%
Framework
_ exploratory process o
MINDSET e e ;
evaluative process
OUTPUTS res
tech + opparunity cards | dea m.,ki-ul o
DESIGN Bulld SCIETC S p———
LIS Knowledge ELoELD
. wizard of oz
EE| coenarven| | |[Presotyping
design speculative value
TOPICS innovation design proposition
*INPUTS wch| | futures;
i f""“ multiverse
frends + exponential
thinking
2020 Oct Nov Dec Jan

Fig. 2. Phase 1 Framework for CBI A3 Program.

Design Skill Speculative Design Speculative Design
Technology-driven Sustainable Design
Design Principles
User-centred Design
CERN Technology CERN*TechnoIogy
* cards
Eres Cybersecurity
Global Technology chJrne mans
Technology Trends Yy map
" - Morphological charts
Ideation workshops Technology
Technology-dnven Development +
Design
roadmaps
Behaviour Change
Circular Design
Diegetic Prototyping
. . Journey Maps
Design Thinking - .
Addressing Ideation workshops* Su_sta! nable Design
- . - Principles
Societal Opportunity cards Socially Responsible
Needs Value proposition + Designy P
canvas Stakeholder
engagement
Systems Thinking
User-centred Design
2-week intensive
experience at
ldeaSquare CERN*
Exponential Thinking
. Ideation workshops* Diegetic Prototyping
Radical . . 1
[ ———— Llceqse to Dre_am_ Speculative Design
Multiverse Thinking
Newspaper headlines
Thing of the future
Wizard of Oz
prototyping
Foreca_stmg + Future 2030 Future Canvas*
Scenarios Diegetic prototypin
Design for Multiverse thinking S e%ulatif)/e De)s/ip ng
the Future Newspaper headlines P g

Speculative Design
Thing of the future

Implementation
Roadmap*

Phase 2 resembles a more traditional design process,
where different design details are explored, tested and
developed to address the societal and human needs
articulated in Phase 1. In this phase, students progress
from exploratory processes to evaluative processes before
documenting and communicating their design outcomes
for 2030 (Fig. 3). An ‘implementation roadmap’ is one
tool used, where students consider resources, stakeholder
engagement, partnerships, further R&D, and a specific
future scenario. Design outcomes are communicated
using digital or physical means to demonstrate design
intent, as shown in the Fig. 4 example. Functional
prototypes are not expected, given that students are
designing for approximately ten years into the future.
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Fig. 3. Phase 2 Framework of CBI A3 Program.

THEHALO

Fig. 4. Student project outcome example: the Halo, a future
airport screening system for elicit and biohazardous substances.

METHOD AND DATA

This inquiry is exploratory and aims to gather insight
into whether CBI A2 is indeed achieving learning in its
uniquely integrated curriculum design approach. In this
paper, we use a mixed methods approach consisting of
qualitative and quantitative assessments. Qualitative
insights were gathered through teaching team
observations and student responses to open ended survey
questions. Quantitative data, representing changes in
student confidence in their ability, provided insight by
comparing answers from before and after the program.

Observations by the teaching team were documented
at the end of the course and by reflection during monthly
teaching meetings. The responses to open ended questions
were gathered from a survey that included six qualitative
questions, to capture insight into the learning experience
offered by CBI A3, At the beginning of the program,
students were asked to describe their motivation for taking
the course, expected value in undertaking the course, and
what they expected to be the most challenging aspect.
Correspondingly, at the end of the course, students were
asked what motivated them during the course, what was
the most valuable learning they received, and what they
found to be the most challenging aspect. Qualitative
responses were deductively coded using five categories of
design skill and the four domain areas, as shown in
Table2.

We designed the above-mentioned questionnaire to
capture student confidence in their ability to execute CBI
A3 tasks. An individual’s belief in their capability is
important for persistence in innovative practices (Gerber
etal., 2012), and we aim for students to persist in solving
CBI A3 types of challenges in the future. Our way of
measuring student confidence is inspired by Bandura’s
(1977, 2006) concept of ‘self-efficacy’. However, this
study does not claim to conform to the defined way of
measuring self-efficacy but rather it adapts this method in
order to capture changes in student confidence in their
abilities as a means of reflecting on their learning.

We capture students’ perception of their own ability to
perform on a set of tasks through14 questions mapped to
design skills and the four topic domains as shown in Table
2. Approximately half of the questions explored general
design skills covering activities from all the stages of
design process defined in the Double Diamond (UK
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Design Council, 2019): discover, define, develop, and
deliver. The four domains are covered in the other
questions, with each question addressing a particular
domain, to better understand how each domain is being
fostered.

Table 2. CBI A3 survey questions mapped to design skills and
four domain areas.

Discover  ask relevant questions (Q7)
source relevant experts and
resources as needed by a project

(Q8)
Define define complex challenges with
clarity (Q5)
Design make rational and inclusive design
Skill decisions (Q1)
Develop develop ideas through prototyping
Q2
generate a diverse range of ideas
(Q3)
Deliver communicate design ideas clearly
(Q6)

deliver design solutions using
technology responsibly (Q11)

Technology use technology to develop relevant
design solutions (Q12)
Societal deliver design solutions that are
Needs relevant to society (Q13)
Radical discover real societal needs (Q14)
Innovation explore radical ideas (Q4)
deliver design solutions relevant
Design for for the future (Q9)
the Future envisage and frame future

scenarios (Q10)

In order to translate student responses into a measure
of confidence, we adapted Carberry et. al.’s (2018) work
in developing a survey measure for Innovation Self-
Efficacy, the closest exemplar for design innovation. We
started each question with “I feel confident in my ability
to...” and used a five-point Likert scale, with five being
very confident and one being not confident (Schar et al.,
2017, Pink et al., 2017, Carberry et al. 2018). We did not
use the surveys for absolute ratings of high or low because
constructing rating validity would not have been possible
with such small sample size. Of course, other variables
besides the CBI A3 course may influence changes in
student confidence; however, questions were tailored to
the specific context of the CBI A® challenge.

RESULTS

We administered the survey with our 2019-20 cohort
of students. Participation was voluntary and 12 from 13
students completed both surveys. These 12 students of
varied gender and study discipline: computer science (2),
health science (1), information systems (1), information
technology (4), medical engineering (4) design (4), were
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from four teams at three universities in Australia,
Germany, and the USA.

Average scores of all 14 questions were taken for
before and after survey results to ascertain growth in
student confidence in the cohort. At the beginning of the
program, the average confidence score was 3.77,
compared to 4.36 at the end of the program, increasing by
0.59 points. Before and after confidence levels for each
individual question is captured in Fig. 5. The following
section explores results in relation to design skills and the
four domain categories for growth in student self-
confidence, student reflections, and teacher observations.

Design skills

For questions related to general design skills, student
confidence increased on average by 0.71 points, the
highest increase of all learning areas, showing this skill as
focal in students’ perception. In qualitative reflections,
there is no explicit mention of design skills in the before
survey, although innovation is identified. In the after
survey, there is an increase in design themes, with explicit
mention of design such as ‘innovative process of design’
and specific components of design thinking practice such
as ‘...embracing failure and learning from them is a
valuable thing as it ‘opens your eyes’ to things you
wouldn’t have previously thought about’. Observations
from teachers support successful learning in various
design skills, with a sharp increase in skills to rapidly
explore, prototype and communicate ideas after a few
days immersed at IdeaSquare CERN. When evaluative
processes require design decisions, we see students
struggle with judgement on what addresses the challenge
best. At the end of the program, teachers observe
sophisticated communication of complex design
concepts, that clearly identify design intent, value for
society, and justification of decisions to diverse
audiences.

Designing for technology

At completion of the program, students’ confidence in
their ability to use technology to develop relevant design
solutions was 4.33 points (increased by 0.54) and student
confidence to deliver design solutions using technology
responsibly was marginally higher at 4.42 points
(increased by 0.49). The qualitative perception of CERN
technology aspects being a challenging component of the
course decreased; technology was mentioned four times
in the before survey, and only mentioned once in the after
survey. This correlates with teacher observations that
students have two spikes in learning regarding
technology: one after the two-week immersive at
IdeaSquare, CERN, and the other in the final stages of
design development. At both stages, CERN coaches are
more involved and we see improvements in the students’
ability to explain technological concepts with greater
detail and correct terminology, and to adopt technology
appropriately in their design process. In the after survey
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one student identified ‘the idea of working with CERN
technology to create realistic solutions with more
flexibility than designing for the present day’ as a
motivating  factor, also demonstrating domains
intersecting.

Designing for societal needs

Students’ confidence to deliver design solutions that
are relevant to society, increased by 0.71 points to 4.50,
which was one of the highest confidence scores.
Interestingly, the other question asking students’ self-
confidence to discover real societal needs, decreased by
0.12 points. This was the only question to show a decrease
and went from the highest rated in the before survey to the
lowest rated in the after survey. Teacher observations
support the latter, as students found it hard to identify
relevant human needs in relation to the societal issues at
hand. Although the score decreased, learning regarding
societal needs still occurred. Qualitative responses, in the
after survey showed societal needs was no longer
mentioned as a challenge, and increased as a motivating
factor, with student comments such as “I was motivated
by the idea that we could craft an innovation for health”
and “work for the good of the society”.

Proposing radical innovations

Students’ confidence to explore radical ideas
increased by 0.53 points, however it was the (equal)
lowest scoring area in the after survey, and not explicitly
mentioned in the qualitative responses. In qualitative
responses, students identified to ‘think outside the box’,
‘creative thinking’, and ‘design thinking’ as both valuable
and challenging aspects of learning, which may relate to

1. make rational and inclusive design decisions

2. develop ideas through prototyping

3. generate a diverse range of ideas

4. explore radical ideas

5. define complex challenges with clarity

6. communicate design ideas clearly

7. ask relevant questions

8. source relevant experts and resources as needed by a project
9. deliver design solutions relevant for the future

10. envisage and frame future scenarios

11. deliver design solutions using technology responsibly
12. use technology to develop relevant design solutions
13. deliver design solutions that are relevant to society
14. discover real societal needs

radical innovation as students’ perception of what is
radical and to what extent this differs (if at all from) from
creative thinking or design thinking is highly subjective.
Radical innovation is featured mostly in Phase 1 during
exploratory processes, and teachers observe that
exponential thinking and licenses to dream approaches
highly influence ‘unlocking’ students’ mindset to
generate ideas that are more radical. Teachers also
observe the further into the future design work is aimed
for and create the ease with which students generate
radical ideas. This correlates with teacher observations in
Phase 2 of the CBI A3 where radical expression decreases
as design ideas evolve for implementation in 2030.

Designing for the future

Students’ confidence to envisage and frame future
scenarios increased by 0.46 points to a score of 4.25 and
confidence to deliver design solutions relevant for the
future increased by 0.63 points to a score of 4.42. Future
themes featured minimally in the qualitative student
responses, with only one mention under valuable learning
in the before survey, and one mention each for
motivations and challenging aspects in the after survey ‘it
was challenging to go beyond what was possible/feasible
and think of something new’. As identified in previous
teacher observations, designing for the future seems to
unlock students’ engagement in radical and creative
thinking, however working with future scenarios in course
stages of evaluative processes seems to provide a layer of
complexity and uncertainty that students to grapple with
before ultimately being able to clearly propose future
scenarios their design work exists within, with strong
justification based on other future forecasting studies.

0

0.5 1 1.5 2 2.5 3 3.5 4 4.5 5

AFTER W BEFORE

Fig. 5. Before and After Self-efficacy results for all questions surveyed.
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DISCUSSION AND CONCLUSIONS

The exploratory study of CBI A3 integrated curriculum
indicates student learning is indeed being achieved in
relation to design skills applied to technology, societal
need, radical innovation and futures thinking. In
answering the research question, to what extent is
learning occurring in these areas; capability developed
across these domains is not equal. After the course,
confidence averages related to design skills was highest,
then technology, future thinking, societal needs, and
lastly radical innovation. The qualitative responses also
indicate inter-connected learning across some domains.

The study is limited by being based on perception of
learning, small cohorts, and overview of the CBI A3
integrated curriculum. Further, more in-depth qualitative
research would be useful to validate the initial findings
and expand understanding of CBI A% by investigating the
effectiveness of specific tools, learning material, and
learning environments, especially those developed
originally by CBI A3. For example, how effective is the
2030 future canvas as a design tool? How effective are
the different learning topics to support problem solving
for UN SDG’s? What influence does the two-week
immersion at IdeaSquare CERN have? Semi-structured
interviews with students, graduates, teaching staff and
CERN stakeholders would provide richer data, and
longitudinal studies would uncover how graduates are
applying their skills as professionals.

Further research should also illuminate how specific
tools may be adopted by other researchers, educators and
practitioners. Those concerned with policy and best-
practice for deep technology translation should have
greater knowledge on utilising and investing in resources
to leverage design-based skills to translate deep
technology more effectively for societal good.

However, currently one might infer that CBI A3
integrated curriculum is broadly achieving the desired
learning, so may provide inspiration for other
universities to adopt. A CBI A3 course could be
established as part of any master program due to the
interdisciplinary nature. It would be particularly suited to
master’s degrees concerned with design, social
innovation, technology or other disciplines wishing to
increase their efforts towards UN SDG’s. Scaled up, CBI
A3 could become a new dedicated master’s degree on
socio-techno design, attractive to students with the
passion to change the future of our planet.
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