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Abstract. This paper explores how the informal economy can act as a catalyst
for sustainability and digital innovation through student-led interventions in mar-
ginalised communities. Drawing on a transdisciplinary project situated in the in-
formal settlement of Dunoon, Cape Town, we apply the Quintuple Helix (QH)
framework to examine how collaborative innovation unfolds across academia,
government, industry, civil society, and the natural environment. The study in-
vestigates how student teams co-designed context-specific digital solutions in
partnership with community and institutional actors. Our research is guided by
the question: What insights does the QH framework offer for guiding transdisci-
plinary student projects focused on the informal economy? Using thematic anal-
ysis of student artefacts, reflections, stakeholder feedback, and researcher obser-
vations, we evaluate how knowledge co-creation contributes to sustainable-smart
innovation. Findings highlight the importance of community engagement, inter-
institutional collaboration, and sustainability-oriented design, while also identi-
fying challenges such as limited industry involvement and scalability.
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1 Introduction

This paper presents findings from a transdisciplinary student project that investigated
how digital interventions can address sustainability challenges within the informal
economy of Dunoon, a marginalised settlement in Cape Town, South Africa. The in-
formal economy has often been regarded as a challenge to urban planning and economic
regulation, yet it plays a critical role in mitigating poverty and unemployment, espe-
cially in contexts marked by high youth unemployment and inadequate service delivery
[1-3]. Rather than viewing informality as a deficit to be formalised, this paper adopts a
more inclusive perspective, recognising it as an adaptive and innovative system. In this
context, student teams from three universities worked with community members to co-
design sustainable-smart innovations. These digital solutions aimed to address locally


mailto:cvandenberg@uwc.ac.za

relevant issues such as waste management, informal trade logistics, and skills develop-
ment. The project was explicitly aligned with several Sustainable Development Goals
(SDGs), notably SDG 1 (No Poverty), SDG 8 (Decent Work and Economic Growth),
SDG 10 (Reduced Inequalities), and SDG 11 (Sustainable Cities and Communities)

To analyse the dynamics of collaboration within this complex environment, we ap-
ply the Quintuple Helix (QH) framework [4]. As an evolution of the Triple and Quad-
ruple Helix models [5, 6], QH integrates five stakeholder systems: academia, industry,
government, civil society, and the natural environment. It is particularly well-suited for
sustainability-focused innovation because it explicitly includes environmental and so-
cial dimensions as drivers of knowledge creation and transformation.

The study is guided by the question: What insights does the QH framework offer for
guiding transdisciplinary student projects focused on the informal economy? Through
thematic analysis of student artefacts, reflective journals, partner feedback, and re-
searcher observations, we examine how QH-informed collaboration contributes to con-
text-sensitive, inclusive innovation. By embedding sustainability principles and digital
co-creation into an educational setting, this work offers a practical model for engaging
higher education in addressing real-world challenges in marginalised communities.

The paper is organised as follows: a theoretical overview of the literature to position
the QH framework, followed by a discussion on the importance and challenges of the
informal economy and the concepts embedded in the learning environment. The next
section provides background on the student project, followed by the research method-
ology and the discussion and findings from the analysis of the QH framework.

2 Quintuple Helix Framework

The Quintuple Helix (QH) framework [4] represents an evolution of the innovation
system frameworks that preceded it, namely the Triple Helix [5] and the Quadruple
Helix [6]. This development was necessitated by the increasing complexity of innova-
tion processes in the 21st century, where traditional models proved insufficient to cap-
ture the multifaceted dynamics of knowledge production and societal needs [7].

The original Triple Helix model identified three key actors, Academia (Universities),
Industry, and Government, whose interplay fosters innovation. While effective, this
model did not account for the growing role of broader societal participation in
knowledge creation. The introduction of a fourth helix, Civil Society, recognised that
end-users and communities influence technological development through their demand
and participation [4]. This inclusion emphasised that knowledge generation and inno-
vation are not exclusive to institutional actors but are co-produced with societal stake-
holders. Building on this foundation, the QH further incorporated the Environment as
a fifth dimension [4] to present an analytical framework where knowledge and innova-
tion are connected with the environment.

As argued by Carayannis and Campbell [8] “The Quintuple Helix innovation system
optimises societies and economies by fostering smart, sustainable, inclusive, and resil-
ient development through cyber-physical ecosystems aligned with Industry 5.0 and So-
ciety 5.0”.
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Sustainability concerns have become critical in innovation discourse, requiring an
integrated model that considers ecological impacts alongside economic and technolog-
ical advancements [9, 10]. This addition ensures that innovation systems are aligned
with long-term sustainable development goals by balancing technological progress with
environmental responsibility. By adding these two helices of civil society and the nat-
ural environment, a comprehensive lens for analysing complex socioeconomic systems
is provided [7]. This is of particular value when working in informal settlements, which
are one of the most complex urban phenomena of our time.

The application of the QH framework as an analytical framework for reviewing the
outcome of student projects during the fourth iteration in 2024 has the benefit of in-
cluding a transdisciplinary focus to integrate different perspectives. It can be applied as
a framework for understanding the complex relationships and interactions between var-
ious partners involved in innovation processes. It furthermore supports the concepts
that we incorporate in our learning environment, such as Society 5.0, as it relates to the
digital social innovations generated by student teams, as well as the inclusion of local
lived knowledge within collaborative partnerships. It can also help to identify gaps or
areas where collaboration or intervention may be needed to achieve the desired out-
comes.

3 The Informal Economy: Its Importance and Challenges in
South Africa

The informal economy plays a significant role in South Africa’s broader economic
landscape by generating employment opportunities and contributing to economic
growth [11]. According to Musara and Nieuwenhuizen [12], South Africa’s informal
sector employs over 3.2 million individuals, accounting for approximately 19% of the
country’s total workforce. Despite these substantial contributions, the informal econ-
omy remains largely untapped in terms of policy support and investment, which limits
its potential to address socio-economic challenges such as poverty and unemployment.
To enhance its impact, greater efforts are required to integrate alternative resources,
such as digital technologies, to foster growth and sustainability within the informal sec-
tor [13].

Despite its importance, the informal economy in South Africa faces numerous chal-
lenges that hinder its growth and integration into the broader economy. Key barriers
include inadequate social protection, poor infrastructure, ineffective government poli-
cies, and restricted access to credit [11]. Additional challenges include low capitalisa-
tion, limited technology adoption, and insufficient support structures for informal en-
terprises. Daramola and Etim [14] further emphasise the barriers of inadequate digital
skills, unreliable government support, high electricity costs, expensive internet access,
and various health and safety concerns.

As mentioned above, integrating information and communication technologies
(ICTs) also presents challenges for the informal economy, such as low adoption rates,
lack of customised ICT solutions, and unequal access to digital resources [15]. These



findings suggest that addressing digital and ICT adoption challenges is crucial for en-
hancing the productivity and sustainability of the informal sector. Overcoming these
barriers requires targeted policies that recognise the informal economy as a legitimate
sector, investment in digital literacy, and the provision of affordable technological so-
lutions tailored to the needs of the informal sector.

Digital technologies have emerged as transformative tools for economic growth, par-
ticularly within the informal sector, such as e-commerce, financial services, supply
chain management and efficiency [16-18]. Despite these opportunities, it also raises
new risks in the form of digital exclusion or adverse incorporation [19]. Furthermore,
the adoption of digital technologies within the informal economy remains limited, ne-
cessitating further research to explore the impact and implications of technology on
informal enterprises [20].

4 Inclusive Design Through Sustainable-Smart Innovation

Our learning environment is informed by several key concepts that are critical for ad-
dressing contemporary challenges and fostering sustainable development. These con-
cepts serve as guiding principles in the student projects to infuse inter- and transdisci-
plinary collaboration, societal engagement, and ethical considerations in higher educa-
tion and beyond. The key focus is on sustainable-smart innovations, particularly in mar-
ginalised settings, where digital sustainability intertwines with inclusive innovation.
Fig. 1 provides an overview of the concepts that we apply.
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Fig. 1. Key Concepts for Inclusive Design Through Sustainable-Smart Innovation
Sustainable-smart innovations in this project are co-created through the collaboration

of academia, industry, government, and communities to develop technology-enabled
solutions that respond to real-world challenges. Our use of the term sustainable-smart

Pre-Print: ICT Education SACLA 2025, Springer Nature (accepted for publication)



innovation aligns with broader digital transformation goals, yet it is grounded explicitly
in the socio-material realities of informal economies. This framing deliberately departs
from more technologically deterministic models by centring community co-creation,
the value of local knowledge, and ecological responsibility as foundational design prin-
ciples. This approach resonates with the concept of Digital Social Innovation (DSI) as
articulated by Serpa and Ferreira [21], which highlights the convergence of technolog-
ical advancement, social needs, and inclusive innovation ecosystems. Rather than po-
sitioning technology as the sole driver of change, the emphasis is placed on collabora-
tive processes that involve diverse stakeholders in shaping equitable and context-sen-
sitive solutions. In doing so, sustainable-smart innovation becomes not only a means of
technological progress but a pathway toward building more just, resilient, and inclusive
societies.

Society 5.0 envisions an inclusive, technology-driven society that enhances social
well-being and quality of life. It moves beyond economic competitiveness to emphasise
co-created knowledge within public-private partnerships [7, 22]. Though relatively new
in Africa, its principles of leveraging technology for social good, inclusivity, and sus-
tainable development align with local challenges. This framework helps students criti-
cally engage with sustainability, resilience, and the agility needed for rapid socio-tech-
nological changes [23, 24].

Sustainable Development Goals (SDGs) provide a framework to consider sustain-
ability both as an objective to be achieved and a method to get there [25]. Sustainability
encompasses social development, economic development and environmental protec-
tion and within this framing, digital sustainability refers to “the development, deploy-
ment, and utilisation of digital resources and artefacts toward improving the environ-
ment, society, and economic welfare” [26]. What this highlights is the need to contin-
uously think and act with sustainability in mind, thus not only as an end-of-project
achievement but also as a driver of activities and thought. This dual role underscores
the importance of tailoring sustainability strategies to specific socio-economic and en-
vironmental contexts, thus being highly context-sensitive. Several SDGs provide guid-
ance in our engagement with the informal economy in the context of the specific infor-
mal community. SDG 8 (Decent Work and Economic Growth) is especially relevant,
with targets 8.1, 8.2, and 8.4 emphasising sustainable and inclusive economic growth,
innovation, and the circular economy [27]. SDG 1 (No Poverty), through targets 1.1,
1.4, and 1.5, underscores the importance of eradicating poverty, expanding access to
technology, and building resilience to sustainability-related shocks and disasters. SDG
11 (Sustainable Cities and Communities) is closely aligned with our work, particularly
target 11.6, which addresses the reduction of environmental impact, an urgent issue in
informal economies where waste management remains a significant challenge. Lastly,
SDG 10 (Reduced Inequalities), and in particular targets 10.2 and 10.3, promotes the
social, economic, and political inclusion of all, and calls for the reduction of inequality
through equal opportunity and equitable outcomes [27].

Partnerships: The growing urgency to address the future of our societies and planet
requires collaborative partnerships that co-create sustainable solutions whilst enabling
the equilibrium between ecological, economic and social concerns. This complex en-
deavour calls for an inter/transdisciplinary focus to circumvent the narrow lenses of



disciplinary boundaries [28]. The application of a QH approach can integrate different

perspectives to set the stage for sustainability priorities and considerations.

Local knowledge or local knowing refers to the know-how derived from the day-
to-day lived realities of community members and students as members of their commu-
nity. We recognise the value of local lived knowledge by valuing the intimate under-
standing that local communities often have of their environment and the challenges they
face and that this knowledge should be used to inform and guide sustainable develop-
ment efforts. We adhere to the following principles for engagement:

e Community knowledge is central to the projects and their associated technological
solutions, resulting in unique perspectives and experiences.

e Complex social issues and context-specific environmental and economic chal-
lenges often cannot be well understood or resolved by “expert” research.

e Interventions from outside the community often have disappointing results with
little uptake. This point is specifically relevant in the South African context with
its resource shortages.

e Communities should have equal inclusion and collaboration in the identification,
research, and resolution of community issues [29].

Collaborative technology development, reflection, and joint deliberation with re-
spect for local agency and innovation can open new avenues toward responsible and
societally oriented knowledge production and ethical technology development. We re-
quire solutions that are ‘fit for purpose’ to ensure alignment within the context of the
user, thus striving for more equality and less coloniality in the (digital) society [30].

This study does not treat the informal economy, the student learning environment,
and the QH framework as competing lenses, but rather as interdependent components.
The informal economy provides a context where sustainability challenges are acute; the
student project offers an interventionist platform and the QH framework enables a
multi-stakeholder analysis of how innovation is co-produced across sectors. Together,
these layers serve to interrogate the potential and limitations of transdisciplinary, sus-
tainability-driven digital innovation.

5 The Student Project

This interdisciplinary student project was launched in 2021 and we are reporting on the
fourth iteration that took place in 2024. Each of the previous iterations saw significant
changes in the project, such as shifting the focus from numerous communities to a sin-
gle community and including an international academic partner. Another substantive
shift was changing the project theme from generalised community sustainability chal-
lenges to focusing solely on the informal economy as a significant contributor to sus-
tainability and a driver for digital innovations.

The iteration in 2024 was rolled out as a Collaborative Online International Learning
(COIL) project with student groups from Urban Planning (CPUT), Information Sys-
tems (UWC) and a multidisciplinary group of students from the Innovative Studio at
Avans University of Applied Sciences (Netherlands).
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The one constant throughout the four years was the application of Design Thinking
as a method to structure the project in phases, as illustrated in Fig. 2.
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Fig. 2. Project Design Phases and Learning Activities (Adapted from Design Thinking Toolbook)

The main objective of the student project is to develop community-specific digital
innovations for local sustainability challenges.

6 Methodology

The paper presents an analysis of findings from the fourth iteration of a longitudinal
Design-Based Research (DBR) study. DBR is a methodological approach where re-
searchers first develop an in-depth understanding of a problem before testing and refin-
ing solutions over multiple iterations [31]. This approach is particularly effective in
developing both theoretical insights and practical solutions in collaboration with stake-
holders within authentic settings.

To explore our research question, the QH framework was applied as an analytical
lens, integrating Mode 3 knowledge application, which emphasises innovation net-
works and knowledge clusters within student projects [8]. For this iteration, we adopted
a thematic analysis approach to examine artefacts generated by student teams, including
design documentation, reflective journals, group presentations, and fieldwork notes, as
well as observational notes from researchers and structured feedback from community
and industry partners. Data collection occurred over four months, aligned with the pro-
ject cycle.

A hybrid coding approach was used, combining inductive and deductive methods.
Initially, a set of sensitising concepts drawn from the QH framework and literature was
used to guide deductive coding (e.g., community engagement, sustainability, digital
innovation). This was complemented by inductive coding to allow emergent themes to
surface from student reflections and community feedback. Coding was conducted using
ATLAS.ti and intercoder reliability was strengthened through independent coding by
two researchers, followed by consensus meetings to resolve discrepancies. To ensure
rigour, we triangulated across data types and participant groups, used member checking
where feasible, and maintained a clear audit trail. The aim was to explore the contribu-
tions of each helix within the collaborative learning process, while identifying patterns
of inclusive innovation and sustainability impact. This analysis has helped to identify



gaps and develop interventions for future iterations while also contributing theoretical
and practical insights.

Participants in the study included 35 BCom IS Honours students, 20 students from
the Advanced Diploma in Urban and Regional Planning and 20 students from Avans
University. The group project was integral to the overall learning outcomes and was
assessed in the academic modules. Ethical approval for the study was obtained from
both universities, and permission was granted by students for the inclusion of their re-
flections and findings in the analysis.

By employing DBR in a longitudinal framework, this study systematically refines
design principles and explores sustainable-smart innovations through a transdiscipli-
nary learning approach. The fourth iteration contributes to this ongoing process by in-
corporating broader stakeholder engagement and leveraging insights to enhance future
interventions.

7 Findings and Discussion

Table 1 was used to analyse the data and identify gaps that can be addressed in subse-
quent iterations of the project.

7.1  Civil Society Helix

The Civil Society Helix in the QH framework emphasises the critical role of active
community involvement in shaping project outcomes, assessing social impact, and fos-
tering knowledge exchange among project stakeholders. Meaningful engagement with
residents in Dunoon is an essential component to ensure that the proposed solutions
address real challenges and promote sustainable-smart innovations aligned with social
inclusion and equity.

Active Community Engagement: The effectiveness of the Civil Society Helix
hinges on sustained and active community participation. Understanding local lived ex-
periences is central to this initiative, and students conduct interviews and engage with
community members to gain firsthand insights into the problems they face. This partic-
ipatory approach ensures that potential solutions are co-developed rather than exter-
nally imposed. The reflections from students illustrate the significance of this engage-
ment:

“One of the most valuable aspects of this assignment was the opportunity to
conduct interviews and visit the Dunoon township. This interaction with the
Dunoon residents allowed us to gather valuable insights and understand the
challenges and needs of the community”. (SJ)

This interaction reinforced the importance of co-creation, where the voices and
needs of the community guided project development. The project’s success underscores
the power of community-led initiatives:

“The success of this project serves as a testament to the power of community-
led initiatives and the importance of engaging with local stakeholders in the
development process. By putting the needs and voices of the community at the
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forefront, we were able to create solutions that are not only effective but also
sustainable and empowering”. (G2)

Fig. 3 depicts some examples of the student engagement in the community of Du-

noon.

Fig. 3. Community Engagement

Prototyping and Knowledge Exchange: Another key measurement of the Civil
Society Helix is the impact of potential solutions on addressing real community chal-
lenges. As part of the project, student groups developed prototype specifications, en-
suring the feasibility of implementing solutions in the community. These prototypes
included functional and non-functional requirements, user interface (UI) and user ex-
perience (UX) design, system architecture, database structures, security measures, and
material selection for hardware components.

To enhance sustainability, the 2025 student cohort will refine these prototypes
through further community testing, allowing for iterative improvements. The next
phase, scheduled for 2026, will focus on piloting selected solutions within Dunoon.
This phased approach ensures that solutions evolve in direct response to community
feedback, reinforcing long-term engagement and impact.

Knowledge Exchange and Societal Impact: An essential outcome of this initiative
is the reciprocal knowledge exchange between students, community members, and pro-
ject partners. Student reflections highlight how their understanding of community dy-
namics evolved through immersive participation:

“What stood out was, irrespective of the evident poverty and the lack of basic
infrastructure, there is an atmosphere of community spirit and resourcefulness
among the residents. We realised that there is an ongoing effort to improve
living conditions and access to basic services. We believe that projects such
as this will enable us to work towards inclusive and sustainable economic de-
velopment.” (G4)

While the full impact from the community’s perspective is still unfolding, early in-
dications suggest that the quality and relevance of student-led solutions improve each
year due to increased community engagement. Students consistently highlight this
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engagement as one of the most valuable aspects of their learning experience. The iter-
ative nature of this project ensures that both students and community members benefit
from an evolving, collaborative, and impactful approach to sustainable development.

7.2 Government Helix

The Government Helix within the QH framework underscores the role of govern-
ment in enabling, supporting, and sustaining projects that drive socio-economic and
environmental transformation. In this initiative, collaboration with local government
has been instrumental in shaping student projects, aligning them with municipal policy
objectives, and ensuring their long-term relevance.

Alignment with Local Policy: Since the 2023 project iteration, local officials have
actively contributed through guest lectures, site visits, and student feedback. This col-
laboration formed part of the Cape Higher Education Consortium — City of Cape Town
Annual Research Programme, which funded the initial iteration and supported the dis-
semination of student work through the City’s Urban Planning and Design Department.
Dunoon, identified as a priority intervention area, presents complex socio-economic
and environmental challenges. Due to resource constraints, the City relies on external
academic contributions, as echoed by a local government representative:

“Dunoon is a priority area...But because the City cannot prioritise it all
at the same time, it is very important to make use of external assis-
tance...We therefore fully support and appreciate the work that the stu-
dents and their lecturers do in this area through the academic institu-
tions’ programmes”. (LK CoCT, 2024)

The City also provided strategic policy documents, including the Municipal Spatial
Development Framework and Environmental Strategy, enabling students to anchor
their work within a broader planning framework.

Funding and Institutional Support: Financial support through the Consortium fur-
ther demonstrated the City’s investment in higher education partnerships. The project
aligns with local development goals such as “Resilience for Inclusive Development,
Infrastructure and Sustainability, and Citizenship and Democracy”, focusing on inno-
vation, environmental justice, and community voice. However, to sustain the initiative
beyond early-stage funding, deeper integration into municipal processes is needed. Em-
bedding student-developed solutions into planning mechanisms and enabling pilot im-
plementations would help realise their long-term value.

Long-Term Viability and Challenges: While the project has benefited from City
support, its long-term viability will depend on deeper collaboration, such as integrating
student solutions into municipal planning processes and facilitating pilot implementa-
tions. One major challenge in government-community collaboration is the power im-
balance between local government and civil society, often shaped by political

Pre-Print: ICT Education SACLA 2025, Springer Nature (accepted for publication)



11

influences. This dynamic, exacerbated by South Africa’s apartheid legacy, has created
mistrust among community members, making engagement efforts more complex. As
noted in student reflections, access to community members willing to participate in the
project was at times difficult.

"On-site, we sometimes experienced challenges in gaining access to
community members...due to political influences that create mistrust be-
tween the community and outsiders”. (G5)

To address this, the project engages trusted community champions (e.g. NGOs) who
facilitate communication and foster inclusion. Students also critically explored broader
governance questions, especially around the informal economy’s role in cities like Du-
noon. Their reflections raised key provocations: How can formality be introduced with-
out compromising flexibility? Who advocates for informal workers, and how can col-
laboration foster meaningful change?

These questions underscore the need for inclusive governance that supports grass-
roots entrepreneurship rather than stifling it. Informality should be recognised as an
adaptive solution to gaps in state capacity. Municipal frameworks must accommodate
this by offering flexible permits, integrated planning, and regulatory environments that
protect informal livelihoods.

Sustained collaboration between local government, academia, and communities will
be vital in translating student innovations into actionable solutions that advance inclu-
sive urban development.

Moving forward, continued engagement with municipal structures and expanded
government collaboration will be critical in translating academic work into actionable
urban solutions that benefit both the local government and the communities they serve.

7.3  Industry Helix

While this project has successfully engaged governmental actors and community stake-
holders, industry participation has been limited. The current economic climate and neg-
ative forecast in South Africa resulted in a lack of appetite from industry partners to
venture into the risky student innovation space. The limited active industry involvement
constrains the potential for sustainable-smart innovations to be commercialised, scaled,
and integrated into existing economic structures. Industry engagement within the helix
framework is essential for achieving practical relevance and co-creation to ensure that
the innovations are aligned with real-world economic and technological needs. Further-
more, industry involvement can enhance the potential for solutions to be commercial-
ised and sustained beyond the project lifecycle and provide students with professional
skills, increasing their employability and entrepreneurial potential.

Currently, industry engagement in the project is limited and primarily takes the form
of advisory contributions, such as guest lectures, feedback on student projects, and oc-
casional input from local entrepreneurs based in the target community. Several barriers
hinder more active and sustained involvement. These include limited recognition of the
commercial potential of student-driven innovations, concerns about the risks of



12

engaging in politically sensitive and informal economic contexts, and the absence of
structured mechanisms to support long-term industry collaboration. At present, industry
engagement is largely confined to advisory roles, such as guest lectures, project reviews
by industry representatives and participation from local entrepreneurs operating within
the project’s geographical focus. The barriers to deeper engagement include limited
awareness of the commercial viability of student-led innovations. The risks are roles
than others associated with engagement in politically complex and informal eco-
nomic settings, and a lack of structured engagement mechanisms to facilitate sustained
industry participation.

The absence of robust industry engagement represents a gap in the project’s holistic
impact, necessitating a structured approach to industry collaboration. Integrating the
Industry Helix into the project’s existing framework is essential to ensure the long-term
sustainability and impact of student-led innovations. By shifting from passive advisory
roles to active co-creation and implementation, industry stakeholders can contribute
meaningfully to inclusive economic development. The inclusion of a co-creation work-
shop with selected partners from industry is planned for the 2025 iteration. Project part-
ners are also in discussion with venture capitalists to explore the commercialisation of
selected solutions and consider options for developing the prototypes to a stage closer
to commercialisation, with the assistance of the Technology Transfer Office at one of
the universities.

7.4  Academic Helix

This helix emphasises the importance of academic research and knowledge transfer
in driving innovation. In the review of the Academic Helix evidence of the learning
outcomes, student engagement and research and innovation are presented to determine
the strengths and current limitations.

The overarching learning objective was to equip students with valuable skills,
knowledge, and mindset shifts to address complex community challenges, navigate un-
certainty, and contribute to sustainable development through digital social innovations.
The design of the project featured six learning outcomes:

e Interdisciplinary Collaboration: As discussed, the students worked in diverse teams
to leverage multidisciplinary expertise. The outcome of their collaboration and learn-
ing was assessed through team meeting records, reflection questionnaires, blogs, and
peer assessments.

e Embedding sustainability in the design and interpreting the complexity of wicked
problems within the informal sector. Their understanding of complexity was evalu-
ated through literature reviews, site visit videos, and project presentations to part-
ners.

e Creative Thinking and Problem-Solving: Using design thinking and human-centred
design approaches, students demonstrated empathy and incorporated community
perspectives into problem definition and solution development. This was measured
through project documentation, prototype testing, decision matrices, and reflective
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questionnaires. The design of the final prototypes was also scrutinised to ensure that
students understood the users and their unique requirements.

e Developing Digital and Technological Skills: Students utilised various digital tools
and technologies throughout the project, including prototype development. Their
proficiency was assessed based on the quality of outputs in each project phase.

e Practical Application of Interdisciplinary Knowledge: Students translated theoretical
concepts into practical, contextually relevant solutions with tangible social impact.
The quality and relevance of prototypes served as a key measure of success.

e Reflective and Ethical Practices: Students demonstrated a commitment to social and
environmental justice principles. Ethical practices were evaluated through project
presentations and adherence to a Team Code of Conduct document.

The lecturers from the three universities reviewed the outcomes and found that the
collaboration successfully enhanced the educational experience for students from all
participating universities. Participants reported high levels of satisfaction with the
shared resources and expertise, the quality and diversity of educational materials and
tools and the exchange of knowledge and best practices, fostering a culture of continu-
ous improvement.

The focus of our review was more on the limitations identified to improve future
iterations. Limitations included aspects such as the challenges in reconciling conflicting
disciplinary approaches, leading to delays in decision-making. The imbalances in con-
tribution, with some students taking on more leadership roles than others. The cultural
and language barriers within diverse teams occasionally hinder effective communica-
tion. We also identified that some groups struggled to fully grasp the interconnected-
ness of sustainability challenges, leading to oversimplified solutions. Some prototypes
also lacked feasibility due to resource constraints or limited understanding of the com-
munity’s technical capabilities. A few groups struggled to balance creativity with prac-
ticality, resulting in solutions that were innovative but not implementable. Some of the
solutions were overly reliant on technology, neglecting low-tech alternatives that might
have been more appropriate.

Research and Innovation: The results from the projects have been published in
journal publications and conference proceedings by the researchers, including publica-
tions with students. These outputs are contributing to knowledge on the impact of inter
and transdisciplinary projects situated in marginalised settings that apply concepts such
as digital social innovation, SDGs, local knowledge and collaborative partnerships. It
has also contributed to collaboration with other institutions and researchers working in
similar settings. However, the outputs are still largely academic and more collaboration
between academia, industry, and community stakeholders is required to bridge the gap
between research and implementation. We are currently working on actions to deepen
community involvement through more targeted workshops with partners in the infor-
mal economy and securing funding for pilot projects. Some of the solutions developed
are being tested further in the community at present, as illustrated in Fig. 4.
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Fig. 4. Prototypes being tested further with community partners

7.5  Natural Environment Helix

The fifth helix of the QH framework focuses on bringing knowledge from the natural
environment into innovation projects. This helix is the most vulnerable of the helices
and requires special care [32]. This helix represents ecological actors that typically
serve as resource bases for both production and daily survival. In this project, nature
was centralised by framing the community challenges in the context of sustainability.
The challenge that was put to student groups was to translate the global SDGs into
actionable, locally relevant objectives applicable to their specific project theme.

Because of the complex nature of the natural environment within not only urban
settings but especially informal settings, student groups had to be guided by both global
and local sustainability frameworks. The SDGs with their associated targets were prom-
inent in this project, with students tasked with relating primary and secondary SDGs to
their specific informal economy challenge at both the problem exploration and solution
development stages.

By focusing on the SDGs, students were made aware of their role as custodians of
the natural environment and that this responsibility will become ever more important
as pressure increases on natural resources such as clean, fresh water, quality food and
breathable air. All of these life-supporting elements are directly impacted by human
activity in general and specifically by economic activities.

As mentioned above, economic activities have harmed life-supporting environmen-
tal systems primarily through unsustainable practices that deplete resources and in-
crease pollutants [33]. At a local scale, the same can be said about the informal econ-
omy that is characterised by excessive litter, dumping of excess products and the asso-
ciated human health threats [34]. The lack of sufficient waste management practices
was a major concern for student groups, as many focused their attention on developing
a response to this challenge. Sustainable-smart innovations such as a water drone to
clean debris from the informal traders that end up in the local river, recycling and
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upcycling apps and sensors to monitor the closest communal waste dumpster and alert
the local authorities when it should be emptied, are some responsive solutions.

DUNOON CLEAN-UPI

s A s ~
e i T,
w
fissssiansic]

=
-
\2 J Sl J

Fig. 5. Water drone and low-data recycling/upcycling application.

A further concern that both community members and student groups recognised was
the resource usage in the community. Resource optimisation strategies were found to
be limited but did exist in the form of recycling and repurposing initiatives such as the
retreading of used tyres and the reselling of second-hand clothing. Unfortunately, very
few creative recycling outputs were found and there might be a potential for upskilling
community members in culturally-appropriate arts and crafts for the tourist markets.

By embedding the sustainability principles within every aspect of this student pro-
ject, we sensitised students, as future leaders, to concepts such as the SDGs, sustaina-
ble-smart cities and Society 5.0. Further, as the environment is usually the most vulner-
able stakeholder in the QH, the solutions that groups co-developed had to illustrate both
the short-term and long-term environmental footprint.

In future project iterations, this helix will continue to be prominent in the interdisci-
plinary student project as it provides an opportunity to consider the natural environment
not only as a provider (resources) and receiver (pollutants) of human activities but also
as an active contributor to new knowledge which is desperately needed in the current
ecological instability we are experiencing.

8 Conclusion

This paper has demonstrated the potential of the QH framework to guide transdisci-
plinary student projects in addressing complex sustainability challenges within the in-
formal economy. By integrating academia, industry, government, civil society, and the
natural environment, the project in Dunoon, Cape Town, has highlighted the im-
portance of collaborative knowledge co-creation in fostering sustainable-smart innova-
tions. The findings reveal that active community engagement, interdisciplinary collab-
oration, and alignment with sustainability principles are critical to developing contex-
tually relevant solutions to real-world challenges. However, the study also identifies
key limitations, such as the lack of robust industry involvement and the challenges of
translating prototypes into implemented solutions.

To enhance the impact of such initiatives, future iterations should focus on deepen-
ing partnerships with industry stakeholders, securing funding for pilot projects, and
fostering long-term community engagement. Additionally, greater emphasis should be
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placed on scaling and commercialising student-led innovations to ensure their sustain-
ability beyond the academic context. By addressing these gaps, transdisciplinary pro-
jects can play a transformative role in empowering informal economy actors, driving
digital innovation, and contributing to the SDGs. Ultimately, this study underscores the
value of the QH framework as a tool for fostering inclusive, sustainable, and impactful
innovation in marginalised communities.
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