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Abstract 
Architectural education must evolve to equip students with the sustainability literacy and critical 
thinking needed to translate global goals into locally relevant design strategies. However, Education 
for Sustainable Development (ESD) frameworks often originate in Global North contexts, overlooking 
Indigenous Knowledge Systems (IKS) and the specific learning needs of students in South Africa and 
the broader Global South. At the same time, current architectural cohorts seek digitally mediated, 
socially meaningful learning experiences that many studio pedagogies fail to provide. This study 
documents the pre-implementation design process of a proof-of-concept digital knowledge hub for 
the third-year Bachelor of Architectural Studies (BAS) studio. The hub is grounded in a three-tier 
conceptual framework: IKS as the knowledge base, ESD as the mediating pedagogy, and the 
documented contemporary learning preferences (CLPs) of architectural cohorts as the delivery layer. 
Using the first four stages of Easterday et al.’s (2014) Design-Based Research (DBR) process – focusing 
the problem, understanding the problem, defining goals, and conceiving an outline of a solution – the 
study identifies curricular gaps, translates co-production principles into measurable design objectives, 
and develops low-fidelity wireframes and a storyboard. Design evaluation was conducted through a 
comparison matrix, assessing alignment with learner preferences, navigation and user experience, 
ESD competencies, and Norström et al.’s (2020) sustainability knowledge co-production principles. 
While the prototype met these criteria in conceptual form, no empirical classroom testing was 
undertaken at this stage. The findings demonstrate how theoretical principles can be operationalised 
into a coherent, culturally grounded digital tool for sustainability education in architecture. By clearly 
documenting the design rationale and evaluation process, the study provides a replicable pathway for 
developing equitable, learner-centred digital spaces that embed Indigenous knowledge and 
sustainability principles which establishes a readiness baseline for future implementation and 
empirical validation. 

Keywords: Education for sustainable development, contemporary learning preferences, Indigenous 
knowledge systems, architectural pedagogy, digital learning, Global South 

Introduction 
Architectural curricula in the Global South often import sustainability models from the Global North, 

leaving students ill-equipped to translate theoretical ideals into context- and culture-specific design 

strategies (Albatayneh et al. 2018; Tunji-Olayeni et al. 2019; Newton & Rogers 2020; Gibberd 2022). 

This study addresses this gap through a co-created knowledge hub, grounded by a three-tier 

framework: Indigenous Knowledge Systems (IKS) at the core, Education for Sustainable Development 
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(ESD) as the mediating pedagogy, and the documented contemporary learning preferences (CLPs) of 

architectural cohorts as the delivery layer. Together, as seen in Figure 1, these tiers aim to realign 

architectural education with the Sustainable Development Goals while reflecting local cultural-

ecological realities (Altomonte 2011; Hendawy, Junaid & Amin 2024; Bać et al. 2025; Wijesooriya, 

Brambilla & Markauskaite 2025). 

 

Figure 41: The three-tier framework guiding the study (Authors 2025) 

Policy and practice lag on three fronts: South Africa’s exit-level BAS competencies omit explicit targets 

for IKS or sustainability (SACAP 2021), ESD frameworks often overlook local ecologies and sociocultural 

practice (Berlanda 2017), favouring Global North assumptions about technology, economy and culture 

that misalign with Global South realities (Kopnina 2020; Lees 2021). From a decolonial perspective, 

Indigenous pedagogies are foundational in reframing sustainability teaching within local contexts 

(Fellner 2018; Jaiswal 2025). Additionally, studio pedagogies rarely meet the CLPs of architectural 

cohorts: students who seek digitally mediated, socially meaningful learning experiences (Manzoni 

et al. 2021; Susanti, Saha & Mallya 2024). This triple misalignment continues to hold back graduates’ 

ability to design within planetary limits (Hendawy, Junaid & Amin 2024; Bać et al. 2025). 

This study asks: How can theoretical principles from IKS, ESD, and CLPs be translated into the design 

of a digital knowledge hub for architectural education? It investigates (1) gaps in current South 

African architectural curricula regarding IKS and sustainability integration; (2) how ESD principles and 

CLPs inform the hub’s pedagogical and functional requirements; (3) how Norström et al.’s (2020) 

knowledge co-production principles be operationalised as design objectives; and (4) what design 

features and interaction patterns emerge when these theoretical principles are translated into low-

fidelity prototypes and evaluated through a comparison matrix. 
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The aim is to document and evaluate the pre-implementation design process of a proof-of-concept 

digital knowledge hub, translating these theoretical principles into a framework and prototype for the 

third-year BAS studio. The study identifies curriculum gaps, analyses pedagogical requirements, sets 

measurable design objectives, develops low-fidelity wireframes and a storyboard, and evaluates the 

concept through a comparison matrix to determine readiness for implementation. By focusing on the 

pre-implementation phase, it offers both a design rationale and a practical pathway for integrating 

cultural relevance, sustainability literacy, and inclusive, learner-centred technology in architectural 

education. 

While the terms Global North and Global South are contested, they are used here to highlight ongoing 

inequalities in knowledge production and circulation (Schöpf 2020; Castro Torres & Alburez-Gutierrez 

2022; Oztig 2022) 

Literature review 
This review examines the interconnected theoretical pillars of IKS, architectural ESD, and the 

documented CLPs of architectural cohorts. It explores how these aspects collectively and separately 

inform the conceptual design of a co-created knowledge hub, capable of addressing existing 

epistemic, educational, and generational gaps within architectural curricula. While the literature on 

“Generation Z” offers useful insights into digital fluency, collaboration, and social engagement, this 

review positions those traits within the specific socio-economic, cultural, and infrastructural contexts 

of South African and broader Global South higher education. 

Indigenous knowledge systems (IKS) 

Indigenous Knowledge is fluid rather than fixed, adjusting as its bearer communities address emerging 

and systemic challenges (Widyalankara 2022). It should be conceived not merely as pre-colonial lore 

but as place-based, community-specific wisdom anchored in distinct geographies (Dondolo 2005). 

IKS comprises locally developed methods for working with environmental informants and constraints, 

transferred collectively across generations (Dipasquale et al. 2014). Because it is inseparable from 

land, community and culture (Dondolo 2005; Abah, Mashebe & Denuga 2015), IKS offers context-

specific guidance on everything from medicinal plants to building techniques. Yet colonial and 

apartheid policies systematically erased these knowledges from public institutions, universities and 

school curricula, privileging Western paradigms instead (Hoppers 2021). Even recent pressures to 

“decolonise” higher education often stop at words: policy reviews show that South African supervision 

models and pedagogies remain predominantly Western, with only token references to IKS (Keane 

et al. 2023). 

Indigenous communities once refined construction through intimate ecological feedback, but 

industrialisation broke that symbiosis, accelerating resource depletion and carbon emissions (Watson 

2022; Yates et al. 2023). Contemporary scholarship therefore urges a return to vernacular heritage as 

an informant of environmental, cultural and economic insights for sustainable design 

(Kusumawardhani & Wasilah 2023; Mashford-Pringle et al. 2023; Mileto et al. 2022). Embedding IKS 

in architectural curricula can restore this knowledge base, localise sustainability concepts and counter 

epistemic exclusion. 

Architectural ESD 

The built environment is a significant contributor to environmental degradation (Spence & Mulligan 

1995; Hamilton & Raph 2020). While climate-responsive design, life-cycle thinking and passive 
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strategies offer potential for mitigating these impacts (Albatayneh et al. 2018; Cabeza & Ürge-Vorsatz 

2020), their success depends on the preparation of future professionals to apply these strategies 

effectively. Since the Brundtland report on sustainable development (WCED 1987), universities have 

increasingly integrated sustainability content into design studios and theory modules (Bozkurt 2016; 

Ioannou et al. 2020; Wijesooriya, Brambilla & Markauskaite 2025), and bodies such as the UIA 

(International Union of Architects) also issuing sustainability accords (Burton & Salama 2023). 

Sterling & Thomas (2006) argue that the attributes of ESD demand more critical and interactive 

teaching methods than is typically found in higher education. A closer look at the educational 

outcomes of ESD indicates that it challenges the conventional emphasis on skills and knowledge-based 

education alone, prompting a rethinking of how education is perceived and delivered in universities. 

However, architecture schools in the Global-South continue to face significant challenges: curricula 

treat sustainability superficially (Santini 2020), digital tools and databases are often Global-North 

imports lacking local data (Berlanda 2017; Allu-Kangkum 2021; Murphy 2025) and Indigenous, 

informal, low-impact practices remain undocumented or undervalued (Fisher, Lange & Nkambule 

2017). To bridge these gaps, it is crucial to adopt pedagogies that prioritise local knowledge, use 

appropriate technologies and contextualise sustainable development within socio-cultural as well as 

technological frameworks. IKS provides the epistemic foundation, while ESD serves as the pedagogical 

tool that translates theory into action-oriented learning. The pedagogical demands of ESD align closely 

with the collaborative, socially engaged learning modes sought by current student cohorts. 

Learning preferences of current architectural cohorts 

Students currently entering and progressing through undergraduate architecture programmes have 

grown up in a digitally mediated environment, with varying degrees of connectivity, device access and 

exposure to online collaborative tools (Afzal et al. 2023; Ojong 2025). While international literature 

often categorises this group under the broad label “Generation Z”, it tends to reflect Global North 

contexts and overlook the socio-economic, infrastructural, and educational diversity of the South 

African and broader Global South experience (Roberts & France 2021). 

Local and regional research points to an uneven landscape of digital fluency, shaped by prior schooling, 

urban–rural divides, and differing levels of institutional support (Allu-Kangkum 2021; Murphy 2025). 

Nonetheless, there are common traits: a preference for visually rich, multimodal resources; interactive 

and collaborative learning environments; and opportunities to link academic work to socially 

meaningful and contextually relevant outcomes (Zinurova, Nikitina & Fatkhullina 2022; Jayatissa 2023; 

Wandhe 2024). Students also respond well to blended learning models that combine asynchronous 

flexibility with face-to-face studio engagement, and to peer-to-peer interactions that allow knowledge 

to be shared laterally rather than only through top-down instruction (Görgün & Güneş 2024; Mendoza 

2025). 

Because many of these preferences align with the values of sustainability, inclusivity, and community 

engagement, integrating IKS content through ESD-aligned pedagogies in a digital, co-creative 

environment offers strong potential resonance. However, the design of such platforms must account 

for disparities in access, connectivity, and prior exposure to digital tools, ensuring that participation is 

possible regardless of students’ socio-economic or geographic background. 
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Conceptual framework 
This study rests on a three-layer conceptual framework that threads together what we teach, how we 

teach, and for whom we teach. IKS form the knowledge base, ESD supplies the pedagogical 

underpinning, and the documented learning preferences of current architectural cohorts shape the 

mode of delivery. While international literature often refers to this group as “Generation Z”, such 

terminology may be overly generalised and rooted in Global North contexts. For this study, the term 

is used only in reference to existing literature, with an emphasis on placing these learner 

characteristics within the socio-economic, cultural, and infrastructural realities of South African and 

broader Global South higher education. 

These three dimensions are not independent but interwoven, with an innate symbiotic relationship 

between traditional knowledge, sustainable pedagogical practices, and documented CLPs. Each layer 

influences the others and creates a dynamic, culturally grounded approach to architectural education. 

Instead of testing learning outcomes at this stage, the inquiry examines how these theoretical 

principles can be ethically integrated into the design of a digital knowledge hub for undergraduate 

architecture students. 

A three-part framework guides the design: IKS supply the content, ESD drives the pedagogy, and 

activated through delivery methods aligned with CLPs of architectural cohorts. Instead of testing 

learning outcomes, the inquiry examines how these theoretical principles translate into the ethical 

collection and co-creation of IKS information related to the built environment. 

Figure 2 illustrates the three interrelated aspects as nested layers: IKS at the core, wrapped by ESD, 

and activated through Gen-Z-aligned delivery methods. This triad guides the Design-Based Research 

approach that this study will employ, with the outcome being a conceptual co-created knowledge hub 

prepared for future empirical testing. 

 

Figure 42: Conceptual framework (Authors 2025) 

http://www.defsa.org.za/


© Copyright 2025 Design Education Forum of Southern Africa (www.defsa.org.za)    695 

Methodology 
This study follows the first four stages of Easterday et al.’s (2014) six-step DBR process to develop a 

proof-of-concept digital knowledge hub for the third-year BAS studio (Figure 2). The research focus is 

on pre-implementation design, translating theoretical principles from IKS, ESD, and documented CLPs 

into a framework, low-fidelity wireframes, and a storyboard. 

To ensure a transparent chain of reasoning that can be interrogated for rigour and future 

implementation, this study only focuses on the design-oriented stages (1-4): 

1. Focus the problem: Review SACAP competencies and validation reports to identify curricular blind 
spots in IKS and sustainability integration, producing a gap matrix and audit summary. 

2. Understand the problem: Synthesise literature on CLPs and user experience to inform design 
requirements. 

3. Define goals: Align Norström et al.’s (2020) four principles for sustainability knowledge co-
production with ESD competencies to generate measurable design objectives. 

4. Conceive an outline of a solution: Objectives guide the creation and iterative evaluation of low-
fidelity wireframes, using a comparison matrix to assess learning preference alignment, 
navigation/UX, ESD competence, and co-production principles. 

Steps 5 and 6 of the DBR process fall outside the scope of this paper and will form part of future 

research. 

 

Figure 43: Easterday et al.'s (2014) six-step design-based research (adapted by authors 

2025) 
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Results and discussion 
This section presents the pre-implementation outcomes of the DBR process, translating IKS, ESD, and 

documented CLPs of architectural cohorts into a conceptual framework and low-fidelity prototype. 

Based on desktop research, literature synthesis, and iterative design evaluation using Norström et al.’s 

(2020) co-production principles, the findings represent a proof-of-concept, offering a design rationale 

and readiness check for future implementation. 

The knowledge hub, Krotoa, named for the first recorded Indigenous Southern African woman 

baptised into Christianity (Landman 1996), doubles as a mnemonic: Knowledge, Reciprocity, 

Openness, Transformation, Ownership, Agency. These terms reflect the core values the platform 

seeks to embody and measure. 

Focus on the problem 

A desktop review was conducted of publicly available documentation across ten South African 

Architectural Learning Sites (ALSs) offering a BAS or equivalent degree at NQF Level 7. This selection 

criterion ensured a reliable academic benchmark. In parallel, a high-level search was conducted using 

the Boolean phrase to explore each university’s IKS-related research outputs relevant to the built 

environment: 

("xxxx university") AND ("Indigenous knowledge systems") AND ("architecture" OR "built 
environment" OR "construction") 

Each ALS was evaluated against three criteria: (a) the formal integration of IKS into the curriculum; (b) 

the establishment of an IKS-focused research unit related to architecture or the built environment 

(SACAP 2025a; 2025b); and (c) the presence of IKS-related research outputs identified through the 

Boolean search. The research output column yielded strong results, but only two institutions 

demonstrated formal curriculum integration and an established IKS research unit. A sector-wide 

curricular blind spot is highlighted, strengthening the rationale for developing an IKS Knowledge Hub 

within architectural education. 

Table 18: Assessment of IKS integration and research presence across South African ALSs 
(institution names anonymised to maintain confidentiality and avoid bias in interpretation) 

Architectural 
learning site 

IKS imbedded in 
curriculum 

IKS research unit IKS research outputs 
related to the BE 

ALS 1 x x x 

ALS 2 - - x 

ALS 3 x x x 

ALS 4 - - x 

ALS 5 - - x 

ALS 6 - - x 

ALS 7 - - - 

ALS 8 - - - 

ALS 9 - - x 

ALS 10 - - x 
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Understand the problem 

To ground the interactive knowledge hub in academic rigour, the design drew on key literature 

outlining CLPs of architectural cohorts. The literature is distilled into a matrix that links core 

documented CLPs for architectural cohorts to specific design features, providing guidance for the 

platform’s user experience strategy. 

Table 19: Literature matrix on contemporary learning preferences to inform KROTOA’s design 

CLPs for architectural cohorts Source Knowledge hub strategy 

Alignment with sustainability and 
inclusivity goals; receptive to IKS 
framed through ESD 

All Include a searchable, ethically sourced IKS 
case-library layer; host peer-review channels 
allowing for environmental and cultural 
critique. 

Digital natives: entrepreneurial, 
socially conscious, technologically 
fluent 

Zinurova et al. (2022) 
Jayatissa (2023) 

Provide an always-online board with drag-
and-drop widgets, low-friction sign-on, space 
for highlighting student-led micro-projects or 
pop-up social-impact ideas. 

Short attention spans; favour 
multimodal, interactive resources 
and swift feedback loops 

Weber & Keim (2021) 
Cain et al. (2022) 

Chunk material into bite-sized cards (≤ 90 
seconds read/watch time); embed GIFs, short 
clips and polls; enable instant reaction emojis 
and auto-generated summary checkpoints. 

Value flexible, socially engaged, 
studio-linked learning that blends 
asynchronous digital content with 
in-person collaboration 

Mendoza (2025) 
Görgün & Güneş 
(2024) 

Offer self-paced “prep zones” and real-time 
“studio huddles”; archive discussions so 
absent peers can catch up asynchronously. 

Expect rapid, iterative feedback and 
opportunities for peer-to-peer 
knowledge exchange 

Weber & Keim (2021) 
Cain et al. (2022) 

Activate comment threads and @mentions; 
schedule rotating “feedback circles” using 
voting and alignment tools. 

Comfortable with entrepreneurial 
mind-sets and micro-credentialing 

Zinurova et al. (2022) Embed micro-badges for completing 
challenges (e.g., “Local-Materials Scout”); 
provide templates for pitching circular-
economy start-ups; link to certification 
programmes. 

Define goals 

The prototype was evaluated against Norström et al.’s (2020) four co-production principles mapped 

to ESD’s cognitive, socio-emotional, and behavioural dimensions. This alignment was assessed 

through internal design review rather than empirical testing, providing an initial measure of 

theoretical coherence and indicators for future field validation. 

Table 20: Norström et al.'s (2020) co-production principles alignment to ESD 

Norström principle Design implementation ESD alignment 

Context-based 
Solutions grounded in 
local social-ecological 
realities 

Information linked with GPS coordinates or indicated 
on map 
Illustrate place-specific constraints and informants 

Cognitive 
Makes learners articulate 
place-specific knowledge 

Pluralistic 
Multiple knowledge 

Prompting questions: What were my biases before 
knowledge acquisition? How have they changed? 

Socio-emotional 
Cultivates respect for 
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systems and values in 
play 

other standpoints 

Goal-oriented 
Clear, shared problem-
solving targets 

Visual evidence of IKS principles (sketches, audio, 
visual), with badges and peer votes on quality and 
success of information and design implementation. 

Behavioural 
Links ideas to actionable 
outcomes 

Interactive 
Iterative, reflexive 
dialogue among actors 

Real-time collaboration, group brainstorming 
exercises, short explanatory videos, quick design 
challenges, opinion forums, reflective “journals”, 
short text blurbs. 

All three ESD domains 
Dialogue fosters 
understanding, empathy, 
and action 

Conceive an outline of a solution 

Figures 3 to 6 illustrate the iterative design process in which co-creation, ESD competences and CLPs 

become clearer with each iteration. Each revision is evaluated with a comparison matrix: 

• CLP alignment – degree of interactivity, multimodality, authenticity and peer feedback (Zinurova, 
Nikitina & Fatkhullina 2022) 

• Navigation & UX clarity – explicitness of onboarding flow, information design and wayfinding. 

• ESD competence coverage – balance of cognitive, socio-emotional and behavioural learning 
outcomes (UNESCO 2024). 

• Sustainability knowledge co-creation principles – Norström et al.’s (2020) context-based, 
pluralistic, goal-oriented and interactive criteria. 

 

Figure 44: Initial how-to sketch (Authors 2025) 
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Figure 45: Iteration 1 – co-creation prompts (Authors 2025) 

 

Figure 46: Iteration 2 – wireframe development (Authors 2025) 
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Figure 47: Iteration 3 – consolidated storyboard (Authors 2025) 

The design trajectory moves from an information-centric landing toward a fully participatory, ethically 

gated co-creation environment. The latest iteration offers the most robust synthesis of CLPs, clear 

navigation, ESD learning outcomes, and adherence to Norström’s sustainability co-production 

principles. 

Table 21: Matrix comparing the KROTOA knowledge hub iterations (Authors 2025). 

Iteration CLPs alignment Navigation & UX 
clarity 

ESD competence 
alignment 

Norström et al.’s 
principle alignment  

Initial "how-to" 
sketch 

Moderate: prompts 
self-expression but 
mostly text-heavy 
and linear 

Moderate: entry 
point & lock-screen 
noted, user path 
implicit 

Cognitive (explains 
IKS), partial socio-
emotional (respect 
theme), limited 
behavioural support 

Context-based = ✓ 

Iteration 1: co-
creation 
prompts 

High: iterative, task-
driven, peer sketches 
and micro-narratives 
encourage active, 
multimodal creation 

Low-Moderate: some 
conceptual flow, 
lacks wayfinding or 
board structure 

Socio-emotional 
(collective sense-
making) & 
behavioural 
(prototype tasks) 
strengthened; 
cognitive implied 

Interactive = ✓ 

Pluralistic = ✓ 
Goal-oriented = ○ 
(sketch tasks hinted) 
Context-based = ○ 

Iteration 2: 
wireframe 
development 

High: “briefing area” 
and bite-sized tasks 
respect short 

High: sequential path 
(Welcome → Sign → 
Board), visual 

Behavioural (ethics 
action) + cognitive 
(What/Where/Who/

Context-based = ✓ 

Goal-oriented = ✓ 

Interactive = ✓; 
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attention span; visual 
grid favours rapid 
scanning 

columns support 
orientation 

Why matrix); socio-
emotional unclear 

Pluralistic ○ (role 
rotation implicit) 

Iteration 3: 
consolidated 
storyboard 

Very High: 
multimodal 
onboarding, peer 
feedback, 
authenticity through 
community credit hit 
documented CLP 
values 

Very High: “first 5 
minutes” script, 
iconography, and 
board zoning offer 
explicit mental map 

Cognitive (IKS 
definitions) 
Socio-emotional 
(community credit, 
peer Q&A), 
Behavioural (apply 
practice to own 
project) 

All four principles = 

✓ context-based 
(geo-map), pluralistic 
(community voices), 
goal-oriented 
(application 
questions), 
interactive (live co-
creation space) 

Conclusion 
This study applied the first four stages of the DBR process to translate principles from IKS, ESD, and 

contemporary learner preferences into the conceptual design of a digital knowledge hub for 

architectural education. The iterative, matrix-guided process produced a low-fidelity prototype and 

demonstrated how co-production principles can be embedded at the design stage. While the findings 

are limited to researcher-led evaluation and static prototypes, they provide a clear design rationale 

and readiness assessment for future classroom pilots. Future research will focus on building and 

empirically testing the hub in collaboration with students and Indigenous communities, further 

refining its functionality and pedagogical impact. This approach may be adapted to other design 

disciplines seeking to embed contextually grounded sustainability knowledge into digital pedagogies. 

AI declaration: The researchers utilised ChatGPT (OpenAI 2025), and Elicit to assist in literature 

synthesis, text refinement, and research organisation. Elicit was used for identifying relevant academic 

papers, while ChatGPT aided in refining the writing and structuring of the paper. All AI-generated 

content was critically reviewed and edited by the authors to ensure accuracy, coherence, and 

alignment with the research objectives. The authors will make the prompts available for review upon 

request. 
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