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Abstract

This paper examines how architecture students identify, spatially interpret, and prioritise
the Sustainable Development Goals (SDGs) within a course on urban waterfronts. Its
pedagogical design was informed conceptually by UNESCO’s cognitive, socio-emotional,
and action-oriented dimensions of ESD and its recommendation to use mapping-based ac-
tivities. The study involved third-year architecture students and drew on student-produced
analyses of SDG-based spatial mapping of selected international waterfront projects. The
mixed-method research design combined: (i) systematic coding and descriptive frequency
and intensity analysis of student products addressing all 17 SDGs; (ii) exploratory multi-
modal network mapping of project-mediated associations among SDGs, urban problems,
and spatial strategies; and (iii) an Analytic Hierarchy Process (AHP) survey completed by
students to compare SDGs in relation to a prospective intervention in Istanbul waterfront.
The findings show that the student products frequently combined multiple SDGs with
spatial problems and strategies rather than presenting them solely as isolated categories.
SDG 11 was the most consistently represented goal across the international cases. SDGs 2
and 5 emerged as the clearest potential blind spots, while SDGs 1, 7, and 16 also showed com-
paratively limited engagement. By contrast, the AHP results ranked SDG 13 first, followed
by SDGs 11 and 3. This difference reflects the distinct contexts and analytical purposes
of the two components: the product analysis examined SDG representation in interna-
tional waterfront projects, whereas the AHP elicited prospective priorities for an Istanbul
waterfront intervention. The study proposes an exploratory course-level framework for
examining SDG literacy through spatial representation, and context-specific prioritisation,
illustrating how ESD principles may be operationalised within an architecture course.

Keywords: Education for Sustainable Development (ESD); Sustainable Development
Goals (SDGs); architectural higher education; urban waterfronts; multicriteria decision-
making (MCDM)

1. Introduction

Higher education has an important role in translating the Sustainable Development
Goals (SDGs) into knowledge, competencies, and practices through Education for Sustain-
able Development (ESD) [1-4]. Architecture, as a discipline that directly creates the built
environment and shapes the relationships between people, space, and ecological systems,
and architectural education, as the pedagogical practice of this discipline, hold a critical
position in advancing ESD and the SDGs.

Architectural programs combine creative, technical, and cultural aspects through
theoretical, practical, and studio courses, and there has been a growing emphasis on the
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environmental, social, and economic aspects of sustainability in recent years [5-8]. In
this respect, the SDGs have become increasingly relevant to architectural education as
frameworks for connecting design and spatial analysis with broader sustainability concerns.
However, a growing body of work on SDG integration in higher education shows that such
use is often limited, with environmental dimensions receiving more attention than social or
governance-related ones [9-11], and that there is a persistent misalignment between policy-
level commitments and course-level implementation and assessment frameworks [11-14].

UNESCO’s “Education for Sustainable Development Goals: Learning Objectives
and the ESD for 2030 Roadmap” provide detailed guidelines on how ESD can be inte-
grated into curricula, specifying cognitive, socio-emotional, and behavioral learning ob-
jectives and suggesting context-based, participatory, and interdisciplinary pedagogical
approaches [1,2,15-17]. Nevertheless, studies on architectural education show that stu-
dents” awareness of sustainability issues does not necessarily translate into design choices
regarding the use of materials, energy efficiency, or social sustainability in architectural
design [13,18,19]. Recent studies have increasingly examined how sustainability and the
SDGs are embedded within architectural curricula and assessed from students’ perspec-
tives [18,20]. However, less attention has been given to how students operationalize SDGs
within specific spatial contexts.

From an ESD perspective, this gap is relevant since sustainability-oriented educa-
tion is conceived not only as the transfer of knowledge, but also as the development of
critical, systemic, and action-oriented competencies. The recommended topics and learning-
teaching methods for the SDGs can be considered a reference for designing educational
activities, with particular emphasis given to SDG 4. Project- and problem-based learning
and context-specific analysis can enable students to work with the SDGs as analytical frame-
works, while mapping and diagramming provide spatial tools for examining how different
sustainability concerns intersect or even conflict within the same urban context [21,22].
Recent work on “green education” and SDG-oriented course design in the natural and
environmental sciences similarly highlights the potential of such approaches to scaffold
students’ sustainability learning performance [19,21,23].

Urban waterfronts are important interfaces between vulnerable ecological systems
and dense urban environments, in which sustainability issues can be observed at different
scales. They simultaneously involve climate vulnerability, ecological systems, public-space
accessibility, infrastructure, economic redevelopment, heritage, and social inclusion, making
them particularly suitable contexts for examining the interdependence of sustainability
goals [24-28]. In architectural pedagogy, such a complex environment can be considered
an opportunity to learn, explore, and discuss, in which students can relate the complexity
of urban space to the multi-layered nature of the SDGs. Waterfronts therefore provide
not only the empirical context of this study but also a spatial-pedagogical lens through
which students can examine the interaction between environmental, social, and economic
dimensions of sustainability.

This study examines how an international group of third-year architecture students,
of an Istanbul-based faculty, engaged with the SDGs in the framework of an elective course
on urban waterfronts. The course structure was particularly tailored to UNESCO’s pro-
posed “mapping projects” for the implementation of SDGs [1] and provided a context
for examining how students operationalized SDGs through spatial analysis rather than
simply recognizing them as sustainability principles. The course combined the examination
of 15 international waterfront projects through the prism of the SDGs with SDG-based
mapping exercises for selected sections of the local Istanbul waterfront context. Student
works and a survey formed the empirical basis of the study.
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The multidimensional and interdependent structure of the 17 SDGs makes their educa-
tional interpretation difficult to capture through a single analytical lens [21]. In architectural
education, addressing this complexity requires methods that can examine not only which
goals are represented, but also how they are related. This is particularly relevant because
SDGs may otherwise remain isolated labels without explicit consideration of their synergies,
trade-offs, or relative importance [10]. Multi-criteria decision-making (MCDM) provides
a structured means of addressing this problem by decomposing a complex sustainability
judgement into comparable criteria and explicit priorities [29,30].

Accordingly, this study aims to examine how architecture students spatially represent
the SDGs in their analyses of existing waterfront projects, how their work brings sustain-
ability goals together with identified urban problems and spatial strategies, and how they
prioritise SDGs when considering a prospective intervention in a locally familiar context.

To address this aim, the mixed-method research design comprises two principal ana-
lytical components. The first is a systematic analysis of student-produced materials relating
to international waterfront cases, combining structured coding, descriptive frequency and
intensity analysis of all 17 SDGs, and exploratory multimodal network mapping of project-
mediated associations among SDGs, urban problems, and spatial strategies. The second
is an MCDM analysis operationalised through an Analytic Hierarchy Process (AHP) sur-
vey, completed by students, which examines their relative priorities among SDGs for a
prospective intervention in Istanbul waterfront spaces. Within this framework, the following
research questions are addressed:

RQ1. Which SDGs are most and least represented in students” works about urban
waterfront projects?

RQ2. How are the SDGs related to the problems and strategies represented across projects?

RQ3. How do students prioritise SDGs when considering a prospective intervention
in a local waterfront context?

SDGs in Architectural Education

ESD is increasingly framed as a transformative approach that “integrates knowl-
edge with critical thinking, collaborative decision-making, and action-oriented compe-
tencies” [1,2,15,16]. In the broader “green education” literature, this translates into forms of
learning that emphasize the translation of abstract sustainability goals into context-specific
interpretations and decisions [19,31]. Recent contributions also stress that pedagogy and
assessment must be designed together: course-level guidelines such as “ten simple rules” for
integrating SDGs highlight the importance of making sustainability outcomes explicit, em-
bedding SDG-related criteria into rubrics, and using formative tasks rather than knowledge
tests alone [23].

Architecture curricula have many opportunities to support this agenda because of the
emphasis on context and multiple actors in studio and project-based design pedagogies,
as well as the importance of visual and spatial reasoning [32]. Hendawy et al. [5] found
that SDGs were used in studios to define problems in urban design but did not necessarily
influence design outcomes. Similarly, Boarin and Martinez-Molina [10] found that SDGs
were used in design studios but as little more than icons and labels without explicit consid-
eration of synergies and trade-offs between goals. More recent curriculum-level work has
also examined how SDGs are embedded across architectural programmes, reinforcing the
need to move from formal curriculum alignment towards more explicit pedagogical and
assessment practices [20].

ESD-oriented tools such as systems thinking, future scenarios, co-design, and stake-
holder engagement in local contexts are suggested as ways to overcome this limitation.
Mapping, diagramming, and thematic analysis can further support students in translating
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the SDGs into spatial relationships and context-specific interpretations. From an assessment
perspective, such multimodal and decision-oriented activities provide opportunities to
examine sustainability learning beyond knowledge recall, while remaining aligned with
the cognitive, socio-emotional, and behavioral objectives of ESD [15].

The literature also points to some challenges in the integration of the SDGs into the
education of architects. First, the number and complexity of the SDGs may encourage
selective engagement with a smaller set of highly visible goals, particularly SDG 11 and
environmentally oriented goals, while social dimensions such as gender equality (SDG 5)
and reduced inequalities (SDG 10) may receive less attention [5,7]. Second, the SDGs are
often added to projects as a label, rather than as a criterion for the decision-making process,
which has given rise to the dichotomy between the SDGs as a pedagogical “showcase”
instead of a transformative learning axis [10].

Third, the global character of the SDGs is in contrast with the local character of design,
particularly in the Global South, where sustainability challenges may be shaped by overlap-
ping social, infrastructural, and environmental pressures [33]. Fourth, there is a call for the
integration of the SDGs into the entire programme, and for the integration of technology,
materials, urbanism, and theory into the SDG-learning cycle [12,13,20].

Traditionally, architectural education has been based on experiential and reflective
learning strategies in which students are considered active agents in the creation of knowl-
edge through project-based learning, visualization, and iterative design [34-36]. Teachers
might facilitate critical and reflective learning rather than offering solutions to problems,
and current architectural curricula place significant emphasis on collaborative and multi-
stakeholder approaches to design learning that mimic real-world practice [37,38]. In this
context, the integration of SDGs in architectural education has been recognized as essential
to linking different aspects of sustainable development to design learning [5,7,37]. In-depth
learning of the SDGs requires assessment practices that capture how students interpret
and relate SDGs within specific contexts, rather than only checking whether SDG-related
terminology appears in their projects [15,23].

2. Materials and Methods
2.1. Course Context and Pedagogical Design

The empirical focus of this study is a third-year elective course at host university. The
course explores the impact of transformation in waterfront cities on social, physical, and
economic sustainability. Despite being a non-studio course, it was designed to sit at the
interface between theoretical and studio-based learning, using short inputs by the instructor,
group mapping exercises, production of posters, and presentations to support experiential,
reflective, and context-based learning, consistent with Kolb’s [39] experiential learning
theory. From a pedagogical perspective, the course was designed to encourage reflection, in-
dependent thinking, and consideration of environmental, social, and economic dimensions
of sustainability through analysis and synthesis. Small-group works provided opportunities
for discussion, knowledge sharing, and collaborative interpretation of sustainability issues.

The course was involving an international cohort of 15 third-year architecture students.
The course was organised into pedagogical stages informed by ESD-oriented approaches,
including case-based learning, collaborative discussion, and spatial mapping [1,2]. These
stages were intended to engage cognitive, socio-emotional, and action-oriented dimensions
of ESD.

The instructor introduced global waterfront development processes through theoretical
lectures. Students examined projects selected from a pool of 15 international waterfront cases
representing different geographical contexts, waterfront typologies, scales, and redevelop-
ment trajectories, including historic harbour regeneration, former dockland transformation,
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riverfront parks, reclaimed cultural districts, and mixed-use waterfront redevelopment (see
Table 1). For each case, students identified relevant SDGs, examined their relationships with
spatial and functional characteristics, assessed the perceived strength of these relationships,
and produced an SDG-based analytical map. The resulting student works were used as
course artefacts through which students” developing interpretations could be presented
and discussed [23].

Table 1. Characteristics of the international waterfront case studies.

No. Waterfront Project Location Waterfront Type and Context
1 Het Eilandje Antwerp, Belgium . Historic docklands/
inner-port redevelopment
Amsterdam, Inner-harbour/urban
2 [J Waterfront Netherlands waterfront redevelopment
3 Forum 2004 Barcelona, Spain Reclaimed seafront/
large-scale redevelopment
4 Port Vell Barcelona, Spain H.IStOHC harbour/
marina redevelopment
Belgrade . Riverfront/large-scale
> Waterfront Belgrade, Serbia mixed-use redevelopment
6 HafenCity Hamburg, Former docklands/mixed-
Germany use redevelopment
v West Kowloon Hone Kon Reclaimed harbourfront /
Cultural District & & cultural district
3 Kop van Zuid Rotterdam, Former docklands/mixed-use
P Netherlands riverfront redevelopment
St Katharine
9 Docks/Tower London, UK Historic docks/heritage waterfront
surroundings
10 Vieux-Port Marseille, France Historic Mediterranean harbour
Amsterdam, . .
11 NDSM Werf Netherlands Former shipyard/adaptive reuse
12 Hudson River Park New York, USA Linear riverfront park
13 South Street New York, USA Historic pier district/heritage-
Seaport led redevelopment
Aker Brygge/ Former shipyard/mixed-use
14 Tjuvholmen Oslo, Norway harbourfront redevelopment

Inner-harbour/leisure and

15 Darling Harbour Sydney, Australia event district

Students worked also in groups to apply the SDG-based approach to selected local
waterfront areas in Istanbul. Each group produced a collaborative map connecting locally
observed spatial conditions with relevant SDGs and indicating the perceived strength
of these relationships. The activity was intended to support collaborative knowledge
construction, discussion among students, and the spatial contextualisation of the SDGs in a
locally familiar setting. It also reflected UNESCO’s recommendation to use mapping-based
activities in education for sustainable urban development [1,2].
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Course and pedagogical stages

Stage 1

2.2. Research Design, Data Sources, and Analytical Framework

The study comprised two principal analytical components: a systematic analysis of
student-produced materials and an Istanbul-based application of the Analytic Hierarchy
Process (AHP), a multi-criteria decision-making (MCDM) method. Before completing
the AHP survey, students participated in a collaborative mapping exercise focusing on
selected Istanbul waterfront areas, which served as a pedagogical contextualisation and
preparatory stage. Accordingly, the product-based analysis focused exclusively on the
15 international waterfront cases, while the AHP survey examined the relative priorities
assigned to selected SDGs in relation to a prospective intervention in Istanbul waterfront
public spaces. Figure 1 summarises the relationship between the course stages, data sources,
and analytical procedures.

Student-produced Analytical component 1: systematic product analysis

International case-study analysis

e 15 third-year architecture students
¢ 15 international waterfront cases

materials
¢ Analytical tables

1. Codebook-guided coding of all 17 SDGs, six problem
categories, and five strategy categories (See Table 2)

e Case study analysis:

SDG tables, maps, and strategies

Cognitive and spatial interpretation

V

Stage 2

Contextualization & Prioritisation

* Collaborative waterfront mapping

Istanbul SDG-mapping

» Individual pairwise judgements

Decision-oriented measure

= absent; 1 = weak; 2 = moderate; 3 = strong)
3. Exploratory multimodal mapping of project-mediated
associations among projects, SDGs, problems, and strategies

[> e Spatial and thematic maps 2. Descriptive project coverage and representation intensity (0
e Problem and strategy l>
statements

Unit of analysis: waterfront
project Addresses RQ1 and RQ2: spatial representation and relational
interpretation

Analytical component 2: MCDM-AHP calculations

AHP survey

o Nine completed surveys 1. Individual 7 x 7 reciprocal comparison matrices

|> o Seven selected SDGs 2. Priority-vector derivation and consistency assessment using
21 pairwise comparisons the CR < 0.10 inclusion criterion

Context: Istanbul 3. Aggregation of valid individual priority vectors

waterfront spaces Addresses RQ3: context-specific prioritisation

Figure 1. Relationship among the course stages, empirical materials, and analytical procedures.

The systematic analysis of student-produced materials relating to the 15 international
waterfront cases combined structured coding, descriptive frequency and intensity analysis,
and exploratory multimodal network mapping of project-mediated associations among
SDGs, problems, and strategies. Secondly, MCDM analysis, operationalised through AHP,
to examine students’ relative priorities among seven SDGs, filtered according to the inten-
sity in the student products, within the context of a prospective intervention in Istanbul
waterfront spaces. Together, these components addressed three interrelated dimensions of
SDG literacy examined in the study: spatial representation, relational interpretation, and
context-specific prioritisation.

2.3. Student-Product Coding and Frequency Analysis

The waterfront case was treated as the primary unit of analysis. The materials were
coded by the author using a structured codebook based on established principles of sys-
tematic content analysis [40,41]. The same codebook and decision rules were applied to
all 15 cases to support procedural consistency. As summarised in Table 2, the codebook
specified the unit of analysis, coding categories, operational definitions, inclusion and
exclusion rules, and decision rules for ambiguous cases. The retained variables comprised:
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(i) the presence and intensity of representation of each of the 17 SDGs; (ii) waterfront type
and transformation context; (iii) six problem categories; and (iv) five strategy categories.

Table 2. Operational codebook for student-produced waterfront case materials [1,40—-42].

Analytical Units and Source Material

Element

Operational specification

Corpus

Student-produced materials for 15 international waterfront cases.

Primary unit of analysis

One waterfront case. Materials produced for the same case are read together as
one case record.

Coding unit

A case-category pair, such as Case 04 x SDG 13 or Case 04 x P2.

Eligible evidence

Case-specific written statements, annotated maps, diagrams, labelled images, spatial
mappings, and explicitly explained visual relationships.

Excluded evidence

Generic course material; unannotated reference imagery; an SDG icon appearing only
in a legend; the collaborative Istanbul maps used to prepare the AHP exercise.

Multiplicity

A case may receive multiple SDG, problem, and strategy codes when each code is
supported by distinct evidence.

General Coding Workflow

Step

Required action

Corpus preparation

Assemble all products belonging to each international case and assign one stable
case identifier.

Familiarisation

Review the complete case record before assigning individual codes.

Evidence identification

Mark case-specific textual, visual, diagrammatic, and spatial evidence relevant to
SDGs, problems, and strategies.

Problem and strategy coding

Apply P1-P6 and S1-55 as binary present/absent categories using the definitions and
boundary rules below.

Determine whether the evidence reaches the minimum case-specific threshold

D i .
SDG presence coding for representation.
. . di Assign 0-3 using the ordinal rubric. Use the lower score when evidence falls

SDG intensity coding between categories.

Documentation Record a brief evidence memo for every implicit code, every intensity score of 3, and
every ambiguous decision.

Verification Compare the completed matrix with the original case records in a separate pass before
freezing the dataset.

Export Generate frequency, cumulative intensity, mean intensity, cross-tabulation, and

network-input files from the frozen matrix.

Evidence and Decision Rules

Rule

Application

Explicit evidence

The submission names the SDG, problem, or strategy and links it to a case-specific
condition or intervention. Code when the relationship is unambiguous.

Implicit evidence

The submission does not name the category, but the mapped or written content
unambiguously corresponds to its operational definition. Record an evidence memo.

Icon-only evidence

Anicon in a general legend is coded 0. An icon attached to a particular case element
but not explained may support intensity 1.

Image-only evidence

An unannotated photograph or rendering is not sufficient. A label, caption, diagram,
or written explanation must establish the intended relationship.
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Table 2. Cont.

Evidence and Decision Rules

Rule

Application

Repeated evidence

Repeated display of the same claim does not by itself increase intensity. Intensity
increases when evidence shows additional or more integrated relationships.

Overlapping categories

Assign multiple codes only when each definition is independently satisfied. Do not
infer one SDG automatically from another.

Uncertain cases

Do not infer authorial intention. Apply the lower intensity score or code absent when

the evidence threshold is not met; record the decision in the memo field.

Missing material

Distinguish “not represented” from “material unavailable.” A missing or illegible case
record must be flagged as missing, not coded 0.

SDG Representation Intensity Scale

Score Label Decision rule Illustrative evidence
No case-specific textual,
v1su§1, d1a.1grammat1c, or No SDG code; no related
spatial evidence. Also

0 Not represented . . element, problem, or
includes an SDG icon . s

. : strategy can be identified.
appearing only in a
general legend.
A case-specific 1cop, label, or An SDG icon is placed
. general statement is present, . :

1 Nominal or weak . . beside a project feature

but the spatial meaning or i ,
. o . without explanation.
relationship is not explained.
The SDG is clearly linked to
) T In example.
at least one identifiable .
- . Flood-adaptation

2 Explicit spatial element, problem, or licitl

strategy, with sufficient measures are explicitly
A . linked to SDG 13.

textual or visual explanation.

The SDG is coherently

connected to multiple spatial In example. SDG 13 is

elements, problems, and/or  linked to flood risk,

3 Strong and multi-layered  strategies, or is waterfront morphology,
traced through an blue-green infrastructure,
articulated problem- and resilience measures.
response relationship.

SDG-Specific Coding Dictionary

Code Goal Include when Exclude or
evidence addresses distinguish from
Affordable access, livelihood Do not code generic
vulnerability, displacement  public access or general

SDG 1 No Poverty rlsk,.housmg insecurity, or social inclusion Wlfchout a
spatial measures poverty, affordability,
explicitly benefiting housing, or
low-income groups. livelihood dimension.
Food access, urban Do not code restaurants,
agriculture, food production, leisure consumption, or

SDG 2 Zero Hunger fisheries as food/livelihood  tourism facilities without

systems, food markets, or
food-security infrastructure.

a food-security or
production relationship.
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Table 2. Cont.

SDG-Specific Coding Dictionary

Include when Exclude or
Code Goal . g
evidence addresses distinguish from
Physical or mental Do not code every park or
well-being, recreation, active  public space
SDG 3 Good Health and living, safety, pollution automatically; health,
Well-Being exposure, therapeutic well-being, recreation, or
landscape, or healthy exposure reduction must
public-space conditions. be evident.
Forrpal or informal lea.rmng, Do not code information
environmental education, . .
skills development signage alone unless it
SDG 4 Quality Education . opment, has an explicit
interpretation, training, or .
. T educational or
educational facilities ) . )
interpretive function.
and programmes.
Gender—responm.v.e.safety, Do not infer gender
equal access, facilities, equality from seneric
SDG 5 Gender Equality participation, representation, quaty rom &
. accessibility or
or spatial needs of women . .
. inclusivity statements.
and gender-diverse users.
Bty SO ot code marne
! . habitat alone; use SDG 14
Clean Water treatment, water-sensitive .
SDG 6 s . unless water quality or
and Sanitation design, freshwater
water-management
management, or safe . .
evidence is also present.
water access.
Do not code an
Renewable energy, energy . .
- energy-efficient building
efficiency, low-carbon energy -
Affordable and . unless efficiency or
SDG7 systems, district energy, or
Clean Energy cquitable access to energy systems are
clqe an ener identified in the
8Y: student material.
E.mplloymenft, loca! Do not code commercial
livelihoods, inclusive .
economic activit or tourism land use alone
Decent Work and . Y without an employment,
SDG 8 . productive reuse, local ..
Economic Growth . . livelihood, or
enterprise, or sustainable X
. 1 economic-development
tourism explicitly linked to . .
. ) relationship.
work/economic opportunity.
Do not code the mere
Resilient infrastructure, presence of buildings,
transport or utility systems,  roads, or transit;
Industry, Innovation technological innovation, infrastructure
SDG 9 2
and Infrastructure productive infrastructure, or ~ performance,
adaptive transformation of connectivity, resilience, or
industrial systems. innovation must
be addressed.
D inall
Equitable access, universal o 1o t code a nominally
. 1 public space
design, anti-displacement unless unequal
SDG 10 Reduced Inequalities measures, social integration, q

affordability, or benefits for
disadvantaged groups.

access, distribution,
displacement, or
inclusion is addressed.
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Table 2. Cont.

SDG-Specific Coding Dictionary

Code

Goal

Include when
evidence addresses

Exclude or
distinguish from

Sustainable Cities

Inclusive public space,
integrated urban
development, sustainable

Waterfront location or
urban redevelopment
alone is insufficient; a

DG 11 s ility, heritage, resili , o .
SDG and Communities mObl. 1y, erl’Fage restience specific sustainable urban
housing, participatory . . :
. or community dimension
planning, or urban )
. . must be evident.
environmental quality.
Adaptive reuse, circular Do not code reuse solely
. material flows, waste as heritage conservation
Responsible . : .
. reduction, recycling, unless material/resource
SDG 12 Consumption and - . . )
. resource efficiency, circularity or responsible
Production . . o
sustainable production, or production is
life-cycle considerations. also addressed.
Climate mitigation or Do not code generic
adaptation, sea-level rise, greening or ecological
floodi : ith
SDG 13 Climate Action ooding, stgrm surge, 1mp1j0'\7err}ent w1’f out an
coastal erosion, extreme heat, explicit climate-risk,
carbon reduction, or adaptation, mitigation, or
climate resilience. resilience relationship.
Marine/coastal ecosystems,
tic biodi ity, habitat .
Fesoraton, cosstal water | DOTOkcode a project
SDG 14 Life Below Water et merely because it is
quality, fisheries ecology, or
M located on a waterfront.
reduction in
marine pollution.
Te.rrestnal b10d1vers1ty,. Do not code decorative
soil/ ecosystem restoration, . .
habitat connectivity, planting or generic
SDG 15 Life on Land : ’ landscaping without an
vegetation systems, green .
. : ecological or
corridors, or protection of L1 . .
biodiversity function.
land-based ecosystems.
. Do not infer SDG 16 from
Participatory governance,
; . : general stakeholder
procedural inclusion, rights, bli
Peace, Justice and transparency, public presence of pubic use
SDG 16 ’ o o without evidence of
Strong Institutions accountability, .
. o . governance, rights,
conflict-sensitive planning, e
. . participation, or
or inclusive institutions. e
institutional process.
Explicit multi-actor
partnerships, cross-sector Do not code the existence
collaboration, knowledge of several stakeholders
SDG 17 Partnerships for the Goals  exchange, shared unless their partnership

implementation, finance, or
institutional cooperation
for sustainability.

or coordinated role
is identified.
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SDG-Specific Coding Dictionary
Incl h 1
Code Goal . nclude when ' ]?xc u.de or
evidence addresses distinguish from
Habitat loss or Use P2 when the
fragmentation, biodiversity principal issue is a
decline, contaminated climate hazard; both may
P1 Ecological Degradation land /water, pollution, be used if ecological
ecological disconnection, degradation and
or degraded climate risk are
blue-green systems. independently evidenced.
Sea-level rise, flooding,
. Do not use for general
. . . storm surge, coastal erosion, .
Climate Risk, Flooding, . ecological damage
P2 . extreme heat, climate .
and Erosion . . without a hazard or
exposure, or insufficient . . . .
. . climate-risk dimension.
adaptive capacity.
Physical barriers, Use P4 when the issue
discontinuous waterfront concerns exclusion,
routes, severance, displacement, unequal
P3 Accessibility Problems inadequate mobility benefit, or
connections, restricted public marginalisation of a
entry, or lack of group rather than
universal access. physical access itself.
Dlsplace.men.t, gen.trlﬁcatlon, Do not code a physical
segregation, inequitable . )
. . . . barrier alone; use P3
Social Exclusion or access or benefit, exclusion R
P4 . unless a distributive or
Unequal Inclusion of user groups, lack of . o
group-based inequality is
affordable or h »
. . also identified.
inclusive programmes.
Over.development, excessive o . ode density as a
density, land-use pressure,
. . . problem unless the
Density and loss of open space, intensive . )
P5 . . student material frames it
Built-Up Pressure construction, or .
. . as pressure, conflict, or
development incompatible .
. . negative impact.
with waterfront capacity.
" Do not code the mere
Demolition, erasure, neglect, . . .
. L presence of historic fabric;
Loss of Heritage commodification, or loss of .
P6 . . . " a threat, loss, conflict, or
or Identity industrial, maritime, cultural, | ]
or community identit 1dent1ty concern must
Y Y be identified.
Strategy Categories
Include when evidence
Code Category addresses Boundary rule
Use S5 when the primary
Habitat restoration, wetland ~ purpose is reduction in a
. . creation, ecological corridors, specified climate or
Ecological Restoration .
nature-based systems, hazard risk; both may be
S1 and Blue-Green

Infrastructure

water-sensitive landscapes,
or repair of degraded
ecological processes.

used when ecological
restoration is explicitly
designed as a
resilience measure.
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Table 2. Cont.

Strategy Categories
Incl h i
Code Category ne udz;\érz:\szzldence Boundary rule
New or 1mprove§1 pUbl.l C . Use 54 when the
spaces, community facilities, intervention specificall
Public Space and cultural or educational . p Y
52 . . . improves physical access
Social Programmes programmes, inclusive . L
activities. and or continuity to/along
. ’ ) the waterfront.
social-use strategies.
Public transport, Do not code circulation
walking/cycling networks, shown only as
S3 Mobility and Transport intermodal connections, background information;
street reorganisation, or a mobility intervention or
mobility infrastructure. strategy must be evident.
Remp val of barriers, Distinguish from S2: 54
continuous waterfront concerns access and
Improved Waterfront routes, new entrances, public .
54 . ; connectivity; S2 concerns
Access access connections, universal bli ..
access, or reconnection pu 1c—§p;1ce prov151op
between city and water. and social programming.
Flon protec'tlon, adaptive Do not code generic
design, erosion control, heat ecological enhancement
Risk Reduction mitigation, emergency 5i¢
S5 as S5 without an

and Resilience

preparedness, resilient
infrastructure, or climate
adaptation measures.

identified risk-reduction
or resilience function.

Variable Dictionary for the Coding Matrix

Variable Type Definition Permitted value/rule
. . le i ifier f h of . .
case_id Nominal text Stable identifier for each o Required; unique
the 15 cases
case_name Text Waterfront project name Required
Waterfront type and .
waterfront_context Nominal/text transformation context used Record from case brief;

for descriptive interpretation

not used as an outcome

sdg_[1-17]_intensity

Ordinal integer

Intensity of representation
for each SDG

0,1,2, or 3 only

sdg_[1-17]_presence

Binary derived

Whether each SDG reaches
the minimum
representation threshold

1 if intensity > 1;
otherwise 0

Presence of each

problem_P1-P6 Binary problem category 0 absent; 1 present
. Presence of each
strategy_S1-S5 Binary 0 absent; 1 present
strategy category
Short citation to the relevant . T
. Required for implicit,
. text, diagram, mapped .
evidence_memo Text ambiguous, and
element, or . A
s . intensity-3 codes
decision rationale
e . Status of source-checking Unchecked/con-
verification_status Nominal . - . .
during the verification pass firmed/revised
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Table 2. Cont.

Boundary Decisions for Commonly Confused Codes

Code boundary

Decision rule

SDG 6 vs. SDG 14

SDG 6 concerns water quality, sanitation, wastewater, and water management. SDG 14
concerns marine/coastal ecosystems and aquatic biodiversity. Code both only when
both dimensions are explicit.

SDG 10 vs. SDG 11

SDG 10 requires an inequality, disadvantaged-group, affordability, displacement, or
equitable-distribution dimension. SDG 11 concerns sustainable urban/community
conditions more broadly.

SDG 13 vs. SDGs 14/15

SDG 13 requires climate mitigation, adaptation, hazard, or resilience evidence. SDGs
14 and 15 require aquatic or terrestrial ecological evidence. Nature-based adaptation
may support more than one code when both functions are explicit.

P1 records ecological degradation; P2 records climate or hazard exposure. Do not treat

Plvs. T2 all ecological degradation as climate risk.

P3vs. P4 P3 records physical or functional accessibility barriers; P4 records social exclusion,
' displacement, inequitable benefit, or group-based disadvantage.

S1vs. S5 S1 restores ecological function; S5 reduces a specified risk or strengthens resilience. A
' wetland designed for flood attenuation may receive both.

S0 vs. S4 52 provides public space or social programming; S4 improves access, continuity, or

connection to the waterfront.

Evidence could be textual, visual, diagrammatic, or spatial, but had to be identifiable
in the submitted material and specific to the case. A goal icon appearing only in a general
legend, without a case-specific link, was not treated as evidence of representation. For each
SDG, presence and representational intensity were recorded on a predefined four-point
ordinal scale: 0 = not represented; 1 = nominal or weak representation; 2 = explicit rep-
resentation; and 3 = strong, multi-layered representation. A score of 1 required at least a
case-specific label, icon, or general reference, but no clearly explained spatial relationship.
A score of 2 required an explicit relationship between the SDG and at least one identifiable
spatial element, problem, or strategy. A score of 3 required coherent evidence connecting
the SDG to multiple spatial elements, problems, and/or strategies.

Problem and strategy categories were coded as present or absent using the operational
definitions provided. Closely related categories were distinguished through boundary
rules. For example, accessibility barriers were coded as P3, whereas distributive inequality,
displacement, or exclusion of particular social groups was coded as P4. Ecological repair
was coded as S1, whereas measures responding specifically to flooding, erosion, heat, or
other climate hazards were coded as S5. Frequencies, cumulative and mean intensity values,
and cross-tabulations were subsequently calculated from the completed coding matrix.

2.4. Multimodal Network Mapping

A project-centred heterogenous network was constructed using four node types:
projects, SDGs, urban problems, and spatial strategies for the descriptive analysis of the
student-produced materials. The 15 waterfront projects formed the central affiliation nodes
and were connected to the SDGs, problems, and strategies identified through the coding pro-
cedure described in Section 2.3. No direct edges were constructed between SDGs, problems,
or strategies. Instead, their recurring associations were made visible through the projects
in which they were jointly coded, following the principles of heterogeneous information
networks, in which different types of entities can be connected indirectly through shared
intermediary nodes [43].
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The edge values reflected the corresponding coding structure. Project-SDG edges re-
tained the ordinal representation-intensity scores of 1-3, where 1 indicated weak, 2 moderate,
and 3 strong representation. Project-Problem and Project-Strategy edges indicated binary
presence only, because these categories were coded according to whether they occurred
within each project. Consequently, the network visualised project-mediated associations
rather than direct causal or semantic relationships among individual SDGs, problems,
and strategies.

The node and edge data were imported into the web-based Gephi Lite v1.0.0 envi-
ronment for exploratory visualisation [44,45]. Node colours differentiated projects, SDGs,
problems, and strategies, while the visual appearance of Project-SDG edges reflected the
three representation-intensity levels. Problem and strategy edges were displayed with equal
weight because they represented binary occurrence. Software was used only to display
the coded project—category structure. Node positions were therefore interpreted as a vi-
sual support for identifying recurring project-level configurations rather than as analytical
evidence in themselves.

2.5. AHP-Based SDG Prioritisation

The Analytic Hierarchy Process (AHP) is a multi-criteria decision-making approach
that uses pairwise comparisons on a numerical scale to derive relative weights for deci-
sion criteria [29,30]. AHP has been applied in architectural and urban studies to structure
decisions involving multiple spatial, environmental, social, and technical criteria. Its appli-
cations include architectural design assessment, sustainable building and material selection,
urban risk evaluation, landscape sustainability assessment, and the prioritisation of context-
specific design factors [46-50]. AHP has also been used as a pedagogical and analytical
instrument in architectural education. Harputlugil [51], for example, employed AHP as
a complementary assessment approach in the architectural design studio. More recently,
Se¢men et al. [52] used AHP to examine how third-year architecture students prioritised
eight site-specific urban design criteria and subsequently compared these priorities with
their spatial design responses. Building on these applications, the present study uses
AHP to reveal the relative priorities expressed by students within a defined waterfront
decision context.

All 15 students enrolled in the course were invited to participate in the AHP exer-
cise, and nine students completed the pairwise-comparison survey, corresponding to a
response rate of 60%. AHP does not prescribe a universal minimum number of participants
when it is used to elicit judgements from a specifically defined decision group. Saaty and
Ozdemir [53] argue that the quality and consistency of judgements may be more impor-
tant than the numerical size of the group and that, in expert-based applications, even a
single suitably knowledgeable decision-maker may provide meaningful judgements. A
review of 77 AHP applications in construction similarly found no strict minimum sample-
size requirement and identified studies using groups of four to nine decision-makers [48].
Small purposively constituted groups have also been employed in sustainability, higher-
education, architectural, and urban studies, including applications involving three to five
participants [49,51,54-57].

The AHP exercise used a focused set of seven goals: SDGs 3, §, 10, 11, 13, 14, and 15.
These goals were selected by the author following the international case-study stage because
they formed part of the strongly represented group of SDGs in the student products (see
frequency and intensity analysis). The selection therefore combined evidence from students’
analyses and the practical need to keep the number of pairwise comparisons manageable.

The AHP converts qualitative comparative judgements into ratio-scale priorities
through reciprocal pairwise-comparison matrices [29]. In the standard Saaty fundamental
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scale, a value of 1 indicates equal importance between two criteria, while values of 3, 5, 7,
and 9 indicate moderate, strong, very strong, and extreme importance, respectively. The
even-numbered values 2, 4, 6, and 8 may be used as intermediate judgements between the
adjacent verbal categories. To reduce response complexity for student participants, the
present study used a simplified subset of the standard Saaty scale comprising the principal
intensity values 1, 3, 5, and 7. In this scale, 1 represented equal importance, 3 moderate
importance, 5 strong importance, and 7 very strong importance. This simplification retained
the ordinal and reciprocal structure of the Saaty scale while limiting the number of response
categories presented to students.

When criterion i is judged to be more important than criterion j, the corresponding

comparison is entered as a;, whereas the reverse comparison is represented by its reciprocal:

ijs

=1

1

=

In this study, the AHP hierarchy consisted of one overall goal—determining the relative
priority of selected SDGs for sustainable spaces along the Istanbul waterfront—and seven
SDGs as decision criteria. For n criteria, the number of independent pairwise comparisons

is calculated as:
nn—1)

2
Thus, each participant completed 21 independent comparisons for the seven selected
SDGs, producing a 7 x 7 reciprocal comparison matrix.

2.6. Weight Derivation and Consistency Assessment

For each participant, the relative weights of the seven SDGs were derived separately
from their pairwise-comparison matrix. First, each matrix value was divided by the sum of
its corresponding column:

a..

~ 1
a; !

i < n
Y1 g

where 4; represents the column-normalised value of criterion i relative to criterion j. The
priority weight of each criterion was subsequently calculated as the arithmetic mean of its

1 n
wl' = EZal]
=1

The resulting priority vector was expressed as:

normalised row values:

n
w = (wl,w2,...,wn)T, w; =1
i=1

This normalised-column and row-average procedure provides an approximation of
the principal right eigenvector of the pairwise-comparison matrix and expresses the relative
weight assigned to each SDG [29,57]. Higher weights indicate greater relative priority
within the defined decision context. Because human pairwise judgements are not expected
to be perfectly transitive, the logical consistency of each participant’s matrix was assessed
before the individual priority vectors were combined. The maximum eigenvalue was
estimated as:

1 L (Aw),
/\max - EZ -

= Wi
For a perfectly consistent matrix, A,,, = #. Increasing divergence between A, and n

indicates greater inconsistency among the pairwise judgements. The Consistency Index
(CI) was calculated as:
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The Consistency Ratio (CR) was then obtained by comparing the calculated CI with
the Random Index (RI) corresponding to the matrix size:

CR = i

For a seven-criterion matrix, the Saaty Random Index is RI = 1.32. Following Saaty’s
recommended criterion, matrices with CR < 0.10 were considered to display an accept-
able level of consistency. A CR exceeding 0.10 indicates that the participant’s judgements
contain a comparatively high level of inconsistency and should therefore be reconsidered
or excluded from the aggregated analysis [29,58]. Consistency was evaluated separately
for each respondent rather than only for an aggregated group matrix. Only the priority
vectors obtained from matrices meeting the CR < 0.10 criterion were retained. Because
the participating students provided individual rather than consensus-based judgements,
their valid priority vectors were combined using an aggregation of individual priorities
approach [58]. For m valid responses, the group-level weight of criterion i was calculated as:

1 m
w; = —E w;
1 m r
r=1

where w;, denotes the priority assigned to criterion i by respondent r. The resulting group-
level vector was subsequently normalised so that its weights summed to 1. This vector
represents the mean relative priority assigned to the seven selected SDGs by students whose
comparison matrices met the specified consistency criterion.

3. Results
3.1. Representation of the SDGs: Frequency and Intensity Analysis

According to the calculations based on the coded Project x SDG matrix, as shown in
Table 3, SDGs 3, 8, 9, 10, 11, 13, and 15 were represented in all 15 cases. SDGs 5 and 16
had the lowest project coverage, appearing in 11 cases each. SDGs 1, 2, 7, and 17 were
represented in 12 cases, SDGs 6 and 14 in 13 cases, and SDGs 4 and 12 in 14 cases.

Table 3. Descriptive frequency and intensity of SDG representation across the 15 waterfront cases.

SDG Projects (n/15) Coverage Cumulative Intensity
SDG 1 12 80.0% 15
SDG 2 9 60.0% 10
SDG 3 15 100.0% 38
SDG 4 14 93.3% 30
SDG 5 11 73.3% 12
SDG 6 13 86.7% 22
SDG 7 12 80.0% 15
SDG 8 15 100.0% 42
SDG 9 15 100.0% 37

SDG 10 15 100.0% 27
SDG 11 15 100.0% 45
SDG 12 14 93.3% 24
SDG 13 15 100.0% 33
SDG 14 13 86.7% 28
SDG 15 15 100.0% 31
SDG 16 11 73.3% 16
SDG 17 12 80.0% 26

SDG 11 recorded the highest cumulative intensity score (45), followed by SDGs 8
(42), 3 (38), and 9 (37). These goals therefore combined complete project coverage with
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comparatively high representation intensity. SDGs 13 (33), 15 (31), and 4 (30) also received
relatively high cumulative scores. At the lower end of the distribution, SDGs 2 recorded
the lowest cumulative intensity scores (9), followed by SDG 5 (12), SDGs 1 and 7 (15) and
SDG 16 (16).

SDG 2 appeared in 9 cases, whereas SDG 5 appeared in 11. Given that SDG 2 received a
cumulative score of 10 across 9 cases, it was consistently represented at only weak intensity
when present. SDG 5 combined similarly weak representation with the lowest project
coverage. These findings identify SDGs 2 and 5 as the clearest areas of limited engagement
in the student analyses.

Figure 2 complements the SDG-level summary by showing how representation scores
were distributed across individual waterfront cases. The heatmap indicates differences in the
breadth of the SDG profiles developed by students. Barcelona Forum, Hamburg HafenCity,
Rotterdam Kop van Zuid, Amsterdam NDSM Werf, Sydney Darling Harbour, and New York
Hudson River Park displayed relatively broad profiles, with multiple SDGs represented
at moderate or strong intensity. By contrast, Amsterdam IJ, London St Katharine’s Docks,
Marseille Vieux-Port, and New York South Street Seaport showed more selective profiles
concentrated on a narrower set of goals. The remaining cases occupied intermediate posi-
tions. The heatmap therefore identifies distinct patterns of breadth and emphasis across
the student case analyses.

Project-SDG Intensity Heat Map

3.0

et
wn
SDG Intensity (0-3)

0.0

& o NP ©
‘30 ’f’é)%‘"ooi’"oo “6009‘1006" 0(,"&0‘9‘)0&\ 96%&,00@996 (,0'1«596«59(., '\6, o."f,o

SDGs (Intensity 0-3)

Figure 2. Project-SDG intensity heatmap.

In the student-produced materials, broader profiles were observed mainly in analyses
of cases involving multiple forms of waterfront transformation. HafenCity and Barcelona
Forum, for example, received comparatively high representation scores across goals con-
cerning urban development, infrastructure, climate, public space, and ecosystems. Hudson
River Park similarly received higher scores for SDGs 3, 11, 13 and 15, corresponding to
the combination of public access, recreation, and ecological restoration identified in the
student analyses. Cases interpreted primarily through heritage, tourism, or harbour-related
functions displayed more selective profiles.
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3.2. Multimodal Network Mapping: International Projects and SDGs—Problems—Strategies

Figure 3 visualises how the 15 waterfront projects brought together the 17 SDGs, six ur-
ban problem categories (P1-P6), and five spatial strategy categories (S1-S5). The network
contains 43 nodes and 339 project-mediated links: 214 Project-SDG, 65 Project-Problem,
and 60 Project-Strategy links. Table 4 complements the visualisation by presenting the
SDGs, problems, and strategies identified in each project. While the figure reveals recurring
combinations across the student analyses, the relationships should be understood as associ-
ations formed through shared projects rather than as direct causal relationships between
individual SDGs, problems, and strategies.

P6 Heritage /
@ identity loss
@ SDG 5
™ SDG 2
Rotterdam Kop van Zuid
Hamburg HafenCity

Barcelona Forum

sDG1 |\ S3Mobility / ~
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New York ’ e \
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O @ rastructure \_exdlusion/ L ® @ programmes
@ inclusion P3 Accessibility / p
P5 Density / ~@ Problems | SDG 13 London St Katharine
@ building ;,Q ® Docks
pressure ‘NewYork \'—1/ / dinnstard
Hudson River Barcelona | Amsterdam
& Park N\ \@ Port vell _® NDSM werf
N Oslo Aker Brygge /
Sydney ‘ \\ ‘/ Tjuvholmen
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Figure 3. Multimodal mapping of project-mediated associations among waterfront projects (generated
using Gephi Lite).
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Table 4. Data structure and the project-level multimodal network composition.
Panel A. Network Data Structure
Network component Number of Coding/edge Number of Interpretation
nodes value links
Projects 15 Affiliation nodes — International
waterfront cases
SDGs 17 Ordinal intensity: 214 SI.)G.representaFion
1-3 within each project
. Problems identified
Urban problems 6 Binary presence 65 within each project
. . . Strategies identified
Spatial strategies 5 Binary presence 60 within each project
Complete structure
Total 43 — 339 visualised in
Gephi Lite
Panel B. Project-level SDG, problem, and strategy composition
. Strong Moderate SDGs Weak SDGs . .
Project SDGs (3) ) (1) Problems Strategies Total links
Amsterdam IJ 8,11 3,9,10,13,17 1,15 P4 S2 11
Waterfront
Amsterdam NDSM 3,8 9,11, ¢ 10,12,15,17  1,2,5,7,16 P1,P2,P3,P4P6  None 2
Werf 13,14
Antwerp Eilandje 3,4,8,11,15 6,9,10,12,13 None P1,P2,P3 None 13
3,6,89,11, 1,4,57,10,12,
Barcelona Forum 13,14, 17 15, 16 2 P1, P2, P3, P4, P5 S1,S2,S3, 54, S5 27
Barcelona Port Vell 89,11,14 3,6,15,17 1,10,13,16  P1,P2,P3,P4,P5 S1,S2,53, 54, S5 22
Belgrade Waterfront  3,4,8,9,11 1,7,10,13,15,17 None P1, P2, P3, P4, P5 S1,S2,53, 54, S5 21
. 1,7,9,11, P1, P2, P3, P4,
Hamburg HafenCity 12,13, 15, 16 4,5,6,8,10,14,17 2,3 P5, P6 S1,S2,S3, 54, S5 28
Hong Kong West
Kowloon 3489, 10,12, 13,15 L2567 P1, P2, P3, P4, P5 S1,S2,53, 54, S5 27
—_ 11,17 14,16
Cultural District
Rotterdam Kop 2,3,4,5,6,7,8,
van Zuid 9,11,13 12,14, 15, 17 1,10, 16 P1, P2, P3, P4, P6 S1,S2,53, 54, S5 27
London St Katharine 1,2,5,6,7,
Docks/Tower 3,811 4,9,14,17 10,12, 13, P1, P2, P3, P4 S1,S2,53, 54, S5 26
Surroundings 15,16
Marseille Vieux-Port 4, 8,11, 16 3,9,12,14,15,17 5,6,10,13 P1, P2, P3, P4 S1, 52,53, 54, S5 23
New York Hudson 5 1) 43 95 468910124 5516  p1,p2,P3, P4 S1,52, 53,54, S5 25
River Park 14,17
New York South 8,10, 11, P1,P2,P3, P4,
Street Seaport 13,14 3,4,6,9,12 2,15 P5, P6 S1, 52, S3, 54, S5 23
Oslo Aker 4,7,9,10,12,
Brygge/ Tjuvholmen 3,8,11,14 13, 15 None P1, P2, P4 S1,52,S3, S5 18
Sydney Darling 4,6,9,10,12,13,
Harbour 3,8,11,15 14, 16,17 1,2,5,7 P1, P2, P3, P4 S1,S2,53, 54, S5 26

The network reflects the strong urban focus of the student analyses. SDG 11 (Sustain-

able Cities and Communities) was strongly represented in all 15 projects and forms the most

visually prominent element of the network. SDGs 3, 8, 9, 10, 13, and 15 were also represented

across all cases, although their intensity varied between projects. In contrast, SDGs 2, 5, and
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16 appeared in fewer projects and were generally represented at lower intensity. The visual
prominence of SDG 11 therefore derives from both its universal project coverage and its
consistently strong representation, rather than from a formal centrality measure.

Environmental and climate-related problems formed one of the most visible recurring
patterns. P1 (Ecological Degradation) and P2 (Climate Risk, Flooding, and Erosion) were
each identified in 14 of the 15 projects. Within these projects, they frequently occurred
alongside SDG 13 (Climate Action), SDG 14 (Life Below Water), and SDG 15 (Life on
Land). The corresponding spatial responses included S1 (Ecological Restoration and
Green-Blue Infrastructure) and S5 (Risk Reduction and Resilience), each of which was
coded in 12 projects. This pattern was particularly visible in projects such as Barcelona
Forum, Hamburg HafenCity, Hong Kong West Kowloon Cultural District, Rotterdam Kop
van Zuid, and Sydney Darling Harbour, where climate, ecological, infrastructural, and
resilience considerations were represented together.

A second recurring pattern concerned accessibility, inclusion, health, and public-
space provision. P3 (Accessibility Problems) was identified in 13 projects and P4 (Social
Exclusion/Inclusion) in 14. These concerns frequently occurred in projects that also strongly
represented SDG 3 (Good Health and Well-Being), SDG 10 (Reduced Inequalities), and
SDG 11. 52 (Public Space and Social Programmes), the most widely represented strategy
category, appeared in 13 projects, while S4 (Improved Coastal Access) occurred in 11.
The overlapping presence of these categories indicates that students often interpreted
waterfront sustainability through public access, social inclusion, health, recreation, and the
improvement of shared urban spaces.

Mobility and economic—infrastructural transformation constituted another visible
theme. S3 (Mobility and Transport) was coded in 12 projects and commonly appeared
in projects where SDG 8 (Decent Work and Economic Growth), SDG 9 (Industry, Inno-
vation and Infrastructure), and SDG 11 were represented at moderate or strong intensity.
This combination was particularly apparent in large-scale mixed-use or former dockland
redevelopment cases such as Hamburg HafenCity, Rotterdam Kop van Zuid, Belgrade
Waterfront, and Barcelona Port Vell. These cases encouraged students to connect waterfront
regeneration with transport, infrastructure, employment, mixed-use development, and
public-space provision.

P5 (Density and Building Pressure) and P6 (Heritage and Identity Loss) were more se-
lective concerns. P5was identified in six projects, including Barcelona Forum, Barcelona Port
Vell, Belgrade Waterfront, Hamburg HafenCity, Hong Kong West Kowloon Cultural District,
and New York South Street Seaport. P6 occurred in only four projects: Hamburg HafenCity,
Rotterdam Kop van Zuid, Amsterdam NDSM Werf, and New York South Street Seaport.
Their lower occurrence suggests that development pressure, heritage transformation, and
identity loss were recognised in particular redevelopment contexts.

Project-level differences further clarify the network structure. Hamburg HafenCity
displayed the broadest profile, with 28 coded links. Barcelona Forum, Hong Kong West
Kowloon Cultural District, and Rotterdam Kop van Zuid followed with 27 links each, while
Sydney Darling Harbour and London St Katharine Docks/Tower Surroundings each had
26. These relatively dense project nodes brought together multiple SDGs with several
problem and strategy categories. Barcelona Forum, Hamburg HafenCity, and Sydney
Darling Harbour are particularly illustrative because their profiles combined ecological and
climate concerns with public-space, mobility, accessibility, and resilience strategies.

By contrast, Amsterdam IJ] Waterfront had the most focused profile, with 11 links,
followed by Antwerp Eilandje with 13 and Oslo Aker Brygge/Tjuvholmen with 18. Ams-
terdam IJ was primarily associated with SDGs 8 and 11 at strong intensity, a smaller set of
moderately represented goals, P4 (Social Exclusion/Inclusion), and S2 (Public Space and
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Social Programmes). Antwerp Eilandje similarly concentrated on a limited combination of
urban, health, education, employment, environmental, and accessibility concerns.

The most recurrent combinations concerned ecological degradation, climate risk, acces-
sibility, social inclusion, public-space programming, mobility, coastal access, and resilience.
Because many of these categories were represented across a large proportion of the cases,
however, the network is interpreted as an exploratory representation of recurring project-
mediated patterns.

3.3. AHP Results: Prioritisation of SDGs for the Istanbul Local Context

Nine students completed the AHP exercise for the seven selected criteria filtered from
the frequency and intensity analysis: SDGs 3, 8, 10, 11, 13, 14, and 15. The consistency of
each participant’s 7 x 7 pairwise-comparison matrix was assessed separately using Saaty’s
CR < 0.10 criterion. Six matrices met the required consistency threshold and were retained
for group aggregation, corresponding to 66.7% of the completed surveys. Three matrices,
with CR values ranging from 0.1050 to 0.1253, were excluded. Across the nine completed
surveys, the individual CR values ranged from 0.0680 to 0.1253, with a mean of 0.0906 and
a median of 0.0904. Among the six retained matrices, CR values ranged from 0.0680 to
0.0998, with a mean of 0.0800. The valid individual priority vectors were aggregated using
the arithmetic mean to derive the group-level weights reported in Table 5.

Table 5. Group-level AHP weights derived from the six valid individual priority vectors.

Rank SDG Weight Percentage
1 SDG 13—Climate Action 0.219 21.9%
2 SDG 11—Sustainable Cities and Communities 0.196 19.6%
3 SDG 3—Good Health and Well-Being 0.171 17.1%
4 SDG 8—Decent Work and Economic Growth 0.116 11.6%
5 SDG 14—TLife Below Water 0.107 10.7%
6 SDG 10—Reduced Inequalities 0.103 10.3%
7 SDG 15—Life on Land 0.088 8.8%

As shown in Table 5, SDG 13 (Climate Action) received the highest group-level mean
priority weight (21.9%) for a prospective intervention in Istanbul waterfront public spaces.
It was followed by SDG 11 (Sustainable Cities and Communities; 19.6%) and SDG 3 (Good
Health and Well-Being; 17.1%). Together, these three goals accounted for 58.6% of the
total priority weight. SDG 8 (Decent Work and Economic Growth; 11.6%) occupied the
fourth position, followed by SDG 14 (Life Below Water; 10.7%) and SDG 10 (Reduced
Inequalities; 10.3%). SDG 15 (Life on Land) received the lowest group-level mean weight at
8.8%. Although SDG 13 was the highest-ranked criterion, the difference between SDGs 13
and 11 was limited to 2.3 percentage points. The resulting distribution therefore indicates a
differentiated hierarchy rather than the dominance of a single sustainability goal.

4. Discussion

Previous studies have raised concerns that SDGs may be incorporated into architectural
education primarily as icons, reporting categories, or thematic checklists, without demon-
strating how individual goals relate to spatial conditions, design problems, or possible
interventions [5,10,59]. In such applications, assigning an SDG “label” to a project does not
necessarily show how students understand the goal or translate it into spatial reasoning.

In this study students were required to identify spatial evidence for each selected
SDG rather than merely attach an SDG icon to a project. The analysis therefore examined

https://doi.org/10.3390/su182111439


https://doi.org/10.3390/su182111439

Sustainability 2026, 18, 11439

22 of 27

not only which SDGs were mentioned but also how they were spatially represented and
contextualised through specific spaces, buildings and structures.

The network visualisation showed recurring project-mediated configurations. Eco-
logical degradation and climate risk frequently occurred in projects that also represented
SDGs 13-15 and incorporated ecological restoration or resilience strategies. Accessibility
and social inclusion concerns commonly overlapped with SDGs 3, 10, and 11 and with
public-space and coastal-access strategies. Similarly, mobility and transport strategies ap-
peared in projects where urban development, employment, and infrastructure-related goals
were prominent. They demonstrate that students” work could be examined in terms of
relationships among spatial conditions, sustainability goals, and possible responses rather
than through SDG labels alone.

The project profiles also reveal that this operationalisation was not uniform. Hamburg
HafenCity, Barcelona Forum, Hong Kong West Kowloon Cultural District, Rotterdam Kop
van Zuid, and Sydney Darling Harbour brought together relatively broad combinations of
SDGs, problems, and strategies. Amsterdam IJ Waterfront, Antwerp Eilandje, and Oslo Aker
Brygge/Tjuvholmen displayed more focused profiles. Thus, the framework does not assume
that every student product achieved the same level of relational interpretation. Instead,
it makes variation between selective and multidimensional uses of the SDGs observable.
Compared with curriculum-mapping studies that align course content or learning outcomes
with particular SDGs, and survey-based studies that identify which SDGs educators report
incorporating into architectural courses [5,10], the present study examines the student
products themselves to examine a more differentiated basis for discussing course-level
SDG literacy.

Projects combining mixed-use redevelopment, public-space provision, mobility infras-
tructure, ecological intervention, and climate adaptation tended to generate broader SDG
representations, whereas cases dominated by more specific heritage, harbour, or tourism
functions produced comparatively selective profiles. This supports the argument that SDG
literacy in architectural education should be understood as context-dependent: abstract
sustainability goals acquire different meanings according to the spatial and functional
conditions through which students encounter them [1,2,19].

The findings identify SDGs 2 and 5 as the clearest potential blind spots, particularly
in relation to food systems and gender equality, while poverty, energy, and institutional
governance represent additional areas of comparatively limited engagement. Rather than
indicating an absence of social concerns overall, this pattern suggests a selective social
literacy: accessibility, health, and inequality were more readily translated into spatial terms
than food security, gender equality, poverty, or institutional governance.

4.1. SDGs in a Local Decision Context: Istanbul Waterfronts

The AHP exercise shifted the focus from recognising SDGs in existing international
projects to prioritising selected goals for a prospective intervention in Istanbul waterfront
spaces. Istanbul provides a particularly complex decision context because its waterfronts
combine intensive public use, unequal access to open space, environmental and climate-
related vulnerability, seismic risk, rapid urban transformation, and pressure on historically
layered coastal areas. Research on the Bosphorus waterfront has demonstrated that public-
ness and accessibility vary according to land use, ownership, and historical development
patterns [60]. Other studies have shown that large-scale waterfront redevelopment can
produce tensions among economic development, public interest, access to the coast, and
the continuity of port and cultural heritage [61,62].

These spatial tensions intersect with broader urban inequalities. Istanbul’s earthquake
risk has been used to justify extensive urban-regeneration programmes, but research has
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shown that physical risk reduction may also be accompanied by displacement, gentrification,
and unequal exposure to environmental hazards [63]. Migration has further transformed
the city’s peripheral neighbourhoods and intensified questions concerning social inclusion,
citizenship, access, and the right to the city [64]. These conditions do not directly explain
individual AHP responses, but they provide an important local context for interpreting how
students evaluated climate, urban quality, health, inequality, and ecosystem-related goals.

Within this context, SDG 13 received the highest group-level priority, followed by SDG
11 and SDG 3. The prominence of SDG 13 can plausibly be interpreted in relation to the
environmental vulnerability of a coastal metropolis and the increasing policy emphasis
on climate adaptation, flooding, heat, and urban resilience. Istanbul’s Climate Change
Action Plan similarly identifies coastal and urban systems as areas requiring adaptation
and resilience measures [65]. However, earthquake risk should not be treated as evidence
explaining the priority of SDG 13 alone, because seismic risk is not a climate-change issue.
Instead, it contributes to a wider resilience context involving SDG 11, infrastructure, health,
inequality, and institutional capacity.

The high position of SDG 11 is consistent with the city’s continuing challenges con-
cerning public waterfront access, urban transformation, spatial inequality, and the balance
between redevelopment and public interest. SDG 3 may likewise reflect the importance
of environmental quality, recreation, safety, and access to public open space in a densely
populated metropolitan setting. SDG 10 received a lower group-level weight than SDGs 13,
11, and 3, despite Istanbul’s substantial social and spatial inequalities. This may indicate
that climate, urban form, and health were more immediately legible to architecture students
as spatial design concerns, while migration, displacement, and structural inequality were
less readily translated into the prioritisation exercise.

Heritage-related conflicts provide an additional contextual consideration. Istanbul’s
waterfronts contain archaeological, industrial, maritime, and urban heritage layers, while
recent redevelopment projects have generated debate concerning commercialisation, public
access, and the spatial continuity of cultural heritage [61,62]. Nevertheless, heritage conser-
vation was not included as a separate AHP criterion. Its possible influence can therefore be
discussed only as part of the broader meaning of SDG 11, rather than as an independently
measured student priority.

The difference between the product analysis and the AHP results is particularly in-
formative. SDG 11 was the most strongly represented goal in the analyses of existing
international projects, whereas SDG 13 received the highest priority for a prospective inter-
vention in Istanbul. The two results are not different because the tasks measured different
forms of judgement. The product analysis was retrospective and interpretive: SDG 11
provided a broad disciplinary framework for identifying visible characteristics. The AHP
exercise was prospective and decision-oriented: it required students to make explicit trade-
offs among seven selected goals in a locally familiar waterfront context. Under this framing,
climate action may have acquired greater urgency for Istanbul.

4.2. Pedagogical Implications

Case analysis and mapping help translate the abstract language of the SDGs into the
context-specific reasoning used in architecture and urban studies. AHP adds a further
dimension by requiring students to compare goals and express relative priorities rather
than treating every goal as equally applicable. The study also demonstrates the potential
contribution of non-studio courses to sustainability education. While much of the archi-
tectural education literature discusses SDG integration through design studios [5,10], this
course was with an analytical and theory-oriented content.
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The correspondence between the course activities and UNESCO’s ESD dimensions
should be interpreted at the level of pedagogical intention rather than measured learn-
ing change. The international case analysis was designed to support systems-oriented
interpretation, collaborative mapping created opportunities for dialogue and contextualisa-
tion, and the AHP exercise introduced structured decision-oriented judgement. However,
the study did not directly measure changes in students’ cognitive, socio-emotional, or
behavioural competencies.

4.3. Limitations and Future Research

The study concerns a single elective course at one institution and involved 15 students;
nine completed the AHP survey. Its findings should therefore be interpreted as evidence
from a micro-case rather than generalised to architectural education more broadly. The
product coding was conducted by a single researcher according to the codebook including
operational definitions, coding examples, and project-category matrix strengthen proce-
dural transparency. Future studies should test the framework across different courses,
institutions, and student cohorts. Independent double coding, interviews, focus groups,
and pre-/post-course measures could provide insight into how students develop SDG-
related knowledge and judgement. Furthermore, future research should combine follow-up
interviews asking participants to explain the reasons underlying their judgements.

5. Conclusions

This article examined how the Sustainable Development Goals (SDGs) can be op-
erationalized within architectural higher education through a non-studio, ESD-oriented
elective course on international urban waterfront projects. By combining SDG-based map-
ping and a multi-criteria decision-making approach, the study examined how students
spatially represent, relationally interpret, and prioritize sustainability goals within situated
educational contexts.

The findings suggest that students tended to apply the SDGs not simply as a check-
list but as interconnected goals associated with spatial problems and strategies. From
a pedagogical perspective, the study illustrates how a non-studio course can provide a
structured setting for examining SDG literacy through international context and apply
decision-oriented prioritization to a local context. Case-based analysis and mapping en-
abled abstract sustainability goals to be connected with concrete spatial conditions, and
MCDM/AHP exercise provided explicit priorities. The course explored how UNESCO’s
ESD principles can be translated into course-level activities in architectural education.

Future research could examine its application across different institutions, courses and
spatial contexts to investigate the patterns.
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