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Abstract. This study presents an integrative pedagogical model-termed the Ecological-
Architectural-Pedagogical Spiral-designed to address the growing need for sustainable, systems-
based education in architecture and industrial design. Motivated by the complex challenges posed by
urbanization, climate change, and ecological degradation, particularly in Central Asia, the research
investigates how architectural reasoning, ecological analysis, and design thinking can be synthesized
into a coherent educational framework. The methodology follows a conceptual-analytical approach,
combining systems analysis, comparative evaluation, and studio-based experimentation. The model
unfolds through three recursive phases: contextual analysis, sustainable design generation, and
pedagogical reflection. Key analytical tools include architectural typology, biomimetic analogy, and
simplified life-cycle assessment (LCA). A mixed-method evaluation assessed student competencies
across systemic thinking, ecological awareness, design sustainability, and ergonomics. The results
indicate a 32% increase in systemic competence and a 20% reduction in the ecological impact of
student projects. Qualitative improvements were observed in spatial coherence, perceptual clarity,
and adaptive logic. Visual models and studio workflows confirmed the convergence of architectural
form and ecological function through iterative, feedback-driven learning cycles. The discussion
situates the model within international pedagogical discourse and identifies its potential scalability
across design disciplines. The study concludes that sustainability, when internalized as a design logic
rather than applied as an external constraint, fosters deeper cognitive engagement and professional
accountability. The proposed model offers a replicable structure for reconfiguring design education
in alignment with UNESCQO'’s Education for Sustainable Development.
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Anparna. hyn maxanaoa Ixonocusnvik—Apxumexmypanvik—Ileoacocuxanviy Cnupans oen
amanamely  UHMeSPAYUusIblK  Ne0azo2uKkaivly yazi yculHuliaobl. Modens  Kaszipei 3amauvl
YypOanuzayusl, KIUMammoly 032epyl HCaHe IKON02USIbIK 0ae0apblc KHeagoaubinoa, acipece Opmanvik
A3usl aiimMazvlHOA, apxumexmypa MeH eHepKaCInmiK OU3AUH CAldCbIHOA MYPAKMbl HCIHE ICYUENIK
bazvimmanzan  Oinim  Oepydiy  Kadcemminicine ocayan — peminde  azipiencen.  3epmmey
aApXUMeKmypanblk OULay, IKOI02USILIK, MANIOAY HCIHE HCODANbIK Ko3Kapacmul bipmymac 0inim bepy
KYPbUIbIMbIHA  OIPDIKMIpY  JCONOapblH  Kapacmulpaovl. 3epmmey adicmemeci KOHYenmydanobl-
AHATUMUKATBIK Macifiee Heziz0eNeeH JiCaHe JHCYUeNiK manoay, CaiblCmblpManbl 6azanay Ji#caHe
CMYOUALTLIK, IKCNEPUMEHRMMIK maxcipubeni kammuovl. Yiei yw xaumananbdanivl Ke3eyHen mypaovl:
KOHmMeKcmi manoay, mypakmol 2H#o0anap oHcdcay dHcoHe nedazo2ukdivlk pegnexcus. Heeizei
AHATUMUKATBIK KYPanoapea apXumekmypanblk MUunoio2us, OUOMUMEMUKATIbIK AHAL02US JHCIHE
omipaix yuxnoi mandayovtyy (LCA) orcenindemineen nyckacul Kipedi. Apanac adicmemenix bazanay
cmyoenmmepOiy JiCYUeniK ounay, KON02USIbIK CAYAMMbLILIK, IHCOOANbIK MYPAKMBLILIK JICIHE
OP2OHOMUKA CANANAPLIHOA KaCIOU KY3blpemminikmepiniy apmkanvln kopcemmi. Homuoicenep
cmyoeHmmix ocobanapovly Jncylienix canacvinoa 32% ecimoi d#aHe dKON02UANbIK acepliy opma
ecennen 20%-2a aszatizanvin kepcemmi. Kenyicmikmik yuineciMOinik, Kabviioay amblKmuvlabl HCIHE
betiimoeny MyMKiHOI2i ceKindi cananvik Kkepcemxiumep Oe xHcakcapovl. Buzyanovl modenvoep men
CMYOUANbIK  Npoyecmep apXumekmypanivlk (Gopma MeH 3KOIOSUANLIK (QYHKYUAHBIY 63apa
OallIaHbICHIH AUKBIHOAN, UMEPAMUBII OKbINY YUKI apKblLibl OiiM canaceld apmmulpadsl. Tanksinay
OYN YII2IHIH XANbIKAPANLIK Ne0a202UKANbIK OUCKYPCHEH YIeciMOl eKeHil JicaHe OHbl IPMYPIi OU3ALH
cananapvina detiimoeyze bonamvinbliH Kopcemeoi. 3epmmey MypaKmvliblKmbsl CoIPMKbL MALAn emec,
HCO0ANAY 102UKACBIHBIY TWKE J/leMeHmi peminoe Kapacmulpy KaciOu Hcayankepulinix neH maHblMObIK,
bencendinikmi  Kywelumeminin  Oanendeudi. byn ynei FHOHECKO-nwviy  Typaxmer  [amy
Maxcammapwina catikec Keilemin Oinim bepy Oazdapramanapvli Kauma Kypyed apHAI2aH
adicmemenik Heziz O0na Anaowl.

Tyiiin ce3nep: mypaxmol Ousaiin, apxumexmypaivlx OLIiM, JHCYUeniK ounay, 9Koneoazosuxd,
OUOMUMUKDUS, OMIDIIK YUKIL, IKOLOSUSIBIK UHMeSPayus.
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AHHOTanus. B cmamve npedcmasien uHmespamugHvlil nedazocutecKuti nooxoo —
Oronoeunecku—Apxumexmypro—Iledacocuneckas Cnupano, paspabomannwiil ons
Y00871em8opeHUs pacmywell NompeOHOCmY 8 YCMOUYUBOM U CUCTNEMHO OPUEHMUPOBAHHOM
obpazosanuu 8 obracmu aApXUmMeKmypvl U HpoMblULIeHHO20 Ousaiina. Hccaedosanue
MOMUBUPOBAHO CILONCHBIMU B8bI308AMU, CEA3AHHLIMU C YpOanuzayuel, UsMeHeHuem Kiumama
u Oezpadayuell okpyscaroweli cpedvl, 0COOEHHO aKmydarvbHuiMu 01 cmpan Llenmpanvhoi
Azuu. Paboma nanpaenena na cunmes apxumekmypHo20 MblUIeHUsl, IKOTOSULECKO20 AHAIU3A
U OU3aliHepcKo20 nooxoodd 8 eOUHY0 0bpazosamenvhyo mooeib. Memooonocus ocHo8aHa HA
KOHUenmyaibHO-aHATUMUYECKOM HOOX00e U BKAH0YAem CUCMEMHbLI AHAU3, CPABGHUMENbHYIO
OUEHKY U CMYOULHYIO dKCNepuMeHmanvhylo npakmuky. Moodenv pazeopauusaemcs 6 mpéx
YUKIUYecKux azax: ananuz KOHMeKCma, ceHepayus YCMOU4YUBbIX NPOEKMHbIX peuleHuli U
neoazoeuueckas peguexcus. B uucie Kirouegvlx UHCMPYMEHMO8 — aPXUMEKMYPHAA
MUNONO2US, OUOMUMEMUYECKAsL AHAO2USL U YNPOWEHHbLIL ananu3 dcuznenno2o yukia (LCA).
Komnnexcnas oyenxa ewigguna pocm npo@eccUuoHanibHbIX KOMREMeHYUll CmyOeHmos 8
CUCTNEMHOM MbIUUAEHUU, IKOJO2UYECKOU O0C8EO0OMAEHHOCMU, YCMOUYUBOCHIU NPOEKMHbIX
pewieHutl u s3peoHomuxe. Pezynomamuol nokaszvieaom yseiuuerue CUCMEeMHO20 NOHUMAHUSL HA
32% u CcHudiCeHue 3KOI02UYECK020 8030elcmeus cmyodeHueckux npoekmos Ha 20%.
Kauecmeennvie ynyuuenus npociexicusaomcs 8 npoCMpaHCmeeHHoU l1o2uKe, 80CRPUAMUY U
aoanmugHocmu peutenuli. Buzyanvuvie modenu u cmyoutiHvle npoyeccbl NOOMEEPHcOaom
83AUMOCE53b  APXUMEKMYPHOU  (popmbl U IKOLO2UYECKOU  (DYHKYUU uYepe3 YUKIbl
umepamugHozo ooyuenusa. OOcyxcoeHue COOMHOCUM MOOelb €  MeXCOYHAPOOHbIMU
neoazoeudeckumu nooxooamu u RoOYépkusaem eé macuimabupyemocms. Hcciedoganue
denaem 8v1800, UMO YCMOUYUBOCDb, OYOYUU BCHIPOEHHOU 8 JIO2UKY NPOEKMUpOBAaHUs,
cnocobcmeyem  YernyOnéHHOMY MbIULEHUI0 U NPOpecCUOHANbHOU  OmMEemCcmEeHHOCHU.
Ilpeocmasnennas modenv Mmodcem OblMb BOCHPOU3BEOCHA 6 PAMKAX NepecmpouKu
006paz08amenbHbIX NPOSPAMM 8 COOmMEeemcmauu ¢ yeaamu ycmouuusozo pazgumus FOHECKO.

KuroueBble coBa: ycmouuussiii OU3aiit, apxumekmypHoe oopasosanue, CUCHeMHoe
MbluLleHUe, IKONe0azo2uKd, OUOMUMUKDUS, HCUSHEHHBIU YUK, IKOTOSUYECKAS] UHMeSPaYUsl.
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1 INTRODUCTION

In the context of rapid urbanization, climate volatility, and the intensifying imperative for
sustainable development, architectural and design education globally is undergoing a paradigmatic
transformation. These dynamics are particularly pronounced in the Central Asian region, including
Kazakhstan, where environmental extremities and socio-cultural diversity generate a demand for
design approaches that are not only contextually adaptive but also ecologically responsive. In such
settings, the educational preparation of industrial designers necessitates a pedagogical shift that
synthesizes architectural thinking with environmental methodologies. Historically, architecture and
industrial design have evolved along parallel yet largely independent trajectories. Architecture has
traditionally privileged spatial organization and environmental context, while industrial design has
emphasized object-based utility and formal aesthetics. However, the complex challenges of
contemporary spatial environments require a transdisciplinary educational convergence. At present,
most academic programs continue to treat ecological considerations and spatial reasoning as discrete
modules, resulting in fragmented skill sets. This compartmentalization undermines graduates’
capacity to conceptualize holistic design solutions for hybrid-use environments, such as public hubs,
mixed-use complexes, and civic infrastructures, where success depends not only on structural
articulation and aesthetic coherence, but also on resource efficiency, adaptive capacity, and cultural
resonance.

Despite the growing body of research on sustainability in architectural and design education, a
critical gap remains in the development of integrative pedagogical models that systematically
combine ecological analysis, architectural thinking, and design practice within a unified educational
framework. Existing approaches tend to address these components in isolation or within discipline-
specific boundaries, limiting the formation of systemic competencies among students. In particular,
the incorporation of environmental assessment tools, including life-cycle analysis (LCA) and
biomimetic strategies, into industrial design education remains fragmented and methodologically
underdeveloped.

The scientific novelty of this study consists in:

o the development of an integrative pedagogical model combining architectural, ecological, and
design approaches;

e the incorporation of life-cycle assessment (LCA) into studio-based learning processes;

o the introduction of a spiral-based framework enabling iterative competence development in
sustainable design education.

Against this backdrop, the present study proposes a pedagogical model that integratively
embeds architectural and ecological paradigms within the training of industrial designers. The
foundation of this model is rooted in systems thinking, operationalized through life-cycle analysis
(LCA), biomimetic strategies, and ecological simulation. While these approaches have found varying
degrees of implementation in architectural and engineering curricula, their systematic adoption in
industrial design education remains limited. Yet, it is precisely within industrial design that the
potential to mediate between object, space, and system emerges most powerfully.

The aim of this study is to develop and conceptually validate an integrative pedagogical model,
the Ecological-Architectural-Pedagogical Spiral, which enables the formation of systemic design
competencies through the coordinated application of architectural reasoning, ecological analysis, and
studio-based learning.

The model, termed the “Ecological-Architectural-Pedagogical Spiral,” articulates a progressive
structure of learning, beginning with the comprehension of spatial-ecological systems, advancing
through analytical ecodesign methodologies, and culminating in the development of integrative
design competencies. This pedagogical logic fosters a perception of design not as a linear, function-
oriented activity but as a multilayered systemic process in which sustainability is not an ancillary
concern but rather the epistemic core of design thinking. Such an approach aspires to cultivate a new
generation of designers capable of navigating and shaping complex environments through a practice
grounded in ecological intelligence, spatial literacy, and socio-cultural sensitivity.
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Modern education is shifting toward lifelong learning, emphasizing not only professional
development but also ecological, emotional, and spatial literacy. Sustainable educational systems
require architectural environments that foster creativity, interaction, environmental awareness, and
user comfort. This necessitates rethinking both the spatial design of learning environments and their
pedagogical frameworks, particularly in relation to the modernization of educational facilities and the
adaptation of architectural environments to contemporary pedagogical needs [25].

Contemporary research increasingly positions the built environment as an active agent in the
educational process rather than a neutral backdrop. Recent studies on post-digital architecture further
emphasize that contemporary architectural formation is increasingly shaped by digital logic, adaptive
systems, and changing modes of spatial production [23]. Scholars argue that educational spaces must
reflect social and ecological contexts, functioning as interactive systems that influence cognition,
behavior, and environmental awareness [1; 5]. Within this perspective, architecture operates
simultaneously as a spatial and didactic medium, embedding values and shaping user experience.
Studio-based, project-oriented pedagogies, particularly those addressing real-world sustainability
challenges, have therefore gained prominence as effective educational formats.

Urban design follows a similar trajectory, integrating adaptability, heritage, and user comfort
[3-5]. Sustainability now includes not just energy efficiency, but also cultural identity and social
inclusion [4; 5]. Environmental comfort is critical to human well-being, as confirmed by post-
occupancy studies [6; 8]. On a larger scale, innovations in district energy systems support low-carbon
development [2; 7]. In industrial and interior design, biomimetic education promotes systemic
thinking and sustainable creativity through biological models [3; 12; 13]. Public, open, and co-
working spaces exemplify the intersection of spatial organization, behavior, accessibility, and
technology [14; 15; 22; 24]. Sustainable retrofitting efforts confirm the importance of balancing
environmental goals with user needs [12; 20].

In parallel, research in industrial and interior design increasingly explores biomimicry and
systems thinking as mechanisms for fostering sustainable creativity. Studies show that biomimetic
approaches enhance the ability of students to translate natural principles into adaptive and resource-
efficient design solutions [3; 12; 13]. However, these approaches are often implemented as isolated
methodological tools rather than as components of a coherent pedagogical system. Similarly,
investigations into co-working and public environments highlight the intersection of space, behavior,
and technology [14; 15], while sustainable retrofitting research emphasizes the need to balance
environmental performance with user-centered design [12; 20]. Despite their relevance, these studies
tend to address specific aspects of sustainability without fully integrating spatial, ecological, and
pedagogical dimensions.

Thus, existing literature demonstrates a clear convergence toward sustainability-oriented design
education but reveals a fragmentation in its implementation across disciplines. Architectural studies
prioritize environmental performance and spatial systems, while industrial design research
emphasizes object-based innovation and biomimetic strategies. Pedagogical models, in turn, often
focus on studio methodologies without fully incorporating quantitative environmental assessment
tools such as life-cycle analysis (LCA). This disciplinary separation limits the development of holistic
competencies required for addressing complex spatial and ecological challenges.

Despite extensive theoretical work, integrated pedagogical models remain rare. Existing
frameworks often remain discipline-specific [9; 11]. Unlike these approaches, the present study
proposes the Ecological-Architectural-Pedagogical Spiral as a unified model that systematically
connects architectural reasoning, ecological analysis, and design education within a single iterative
framework. This study addresses that gap by proposing the Ecological-Architectural-Pedagogical
Spiral as a unified educational model that connects theory and practice across architecture, ecology,
and design education, aligned with global sustainability goals.
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2 MATERIALS AND METHODS

This study employs a mixed-method research design combining conceptual modeling with
empirical evaluation conducted within an academic design studio. The research was implemented
during one academic semester and involved a sample of n = 38 undergraduate students enrolled in an
industrial design program. The participants were engaged in a studio-based course focused on the
development of public and mixed-use spatial projects integrating architectural and ecological
parameters. The methodological foundation of this research is grounded in a conceptual-analytical
approach aimed at developing a model for integrating architectural and ecological principles within
the educational praxis of industrial design. Central to this framework is the formation of a sustainable,
interdisciplinary pedagogical paradigm in which design thinking is systematically interwoven with
spatial analysis, ecological systems theory, and cognitive modeling.

The research procedure was structured according to the Ecological-Architectural-Pedagogical
Spiral model and consisted of three sequential stages: 1) contextual and environmental analysis (site
conditions, climate factors, user behavior patterns); 2) generation of design solutions using
biomimetic strategies, spatial modeling, and material selection; 3) evaluation and pedagogical
reflection, including performance assessment and expert review.

To ensure methodological transparency and reproducibility, each stage included clearly defined
tasks, evaluation criteria, and measurable outputs. Students completed pre- and post-intervention
assessments, enabling comparative analysis of competence development over the course duration.

The research methodology synthesizes systems analysis, comparative inquiry, and project-
oriented evaluation. The systems approach is employed to map the variables influencing sustainable
design, ranging from climatic and spatial conditions to social behavior patterns and resource flows.
These variables are subsequently reframed as design parameters that shape architectural form, user
experience, and the functional logic of environments. Quantitative evaluation of learning outcomes
was conducted using a comparative pre/post assessment framework. Four key competence domains
were measured: (1) systems thinking, (2) ecological awareness, (3) sustainability of design solutions,
and (4) ergonomics and user comfort. Each parameter was assessed using a standardized rubric (scale
0-10) based on expert evaluation (jury review) and analytical project criteria. The reported 32%
increase in systemic competence reflects the average improvement in rubric scores between initial
and final project stages.

The ecological performance of student projects was evaluated using a simplified life-cycle
assessment (LCA) approach. The LCA framework included three main indicators: (1) material
sustainability (use of recycled/renewable materials), (2) energy performance (passive design
strategies, daylighting, thermal optimization), and (3) resource efficiency (spatial compactness and
functional integration). A composite sustainability index was calculated for each project, enabling
comparative analysis before and after the implementation of the pedagogical model. The observed
20% reduction in ecological impact represents the average decrease in this composite index.

The theoretical modeling also includes a simplified adaptation of life cycle assessment (LCA)
principles, allowing students to critically engage with sustainability metrics through project-based
educational tasks. The final methodological component, reflexive assessment, focuses on evaluating
how such integrative strategies foster systemic thinking and professional competence among students.

In addition to quantitative metrics, qualitative evaluation was conducted through expert
reviews, visual analysis of design proposals, and comparative assessment of spatial and
morphological coherence. This triangulation of methods ensured a comprehensive evaluation of both
measurable outcomes and design quality.

The research employs several theoretical constructs as analytical tools: architectural typology
(understood as spatial system logic), biomimetic analogy (as an approach to adaptive and modular
strategies derived from nature), and pedagogical synthesis (viewed as the generative process of
knowledge and ecological awareness in education). The proposed model was evaluated against four
criteria: (1) coherence between architectural, ecological, and pedagogical components; (2) scalability
across different educational contexts; (3) reproducibility through structured instructional stages; and
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(4) environmental and ethical responsibility in design decision-making. These criteria were
operationalized through both quantitative indicators and qualitative expert assessment.

Although the model-building component of the study is conceptual in nature, its preliminary
studio-based implementation provides an empirical basis for future experimental applications and
methodological guidelines for educational institutions seeking to adopt more sustainable and systemic
approaches to training future designers.

3 RESULTS AND DISCUSSION

3.1. Quantitative and Measurable Outcomes

The implementation of the interdisciplinary educational model, which integrates architectural,
ecological, and design components within a unified pedagogical framework, yielded a demonstrable
increase in students’ professional competencies. This outcome aligns with prior findings on the
efficacy of studio-based pedagogies that emphasize sustainability and systems thinking [1; 2; 11]. At
the onset of the course, the majority of student projects exhibited a fragmented approach to the
interrelationship between architectural form, ecological parameters, and human-centered factors, an
issue frequently observed in traditional design education [2]. By the conclusion of the semester,
participants increasingly conceptualized design as a systemic process, wherein form, function, and
environmental performance are understood as interdependent and continuously interacting variables.

The quantitative results were obtained through a comparative pre-/post-intervention assessment
of student projects developed at the beginning and at the end of the semester. The comparison was
based on a standardized evaluation rubric covering four parameters: systems thinking, ecological
awareness, sustainability of design solutions, and ergonomics/user comfort. Each parameter was
assessed by expert reviewers using the same criteria for the baseline and final project stages.

The evaluation procedure and calculation logic of the reported indicators are illustrated in
Figure 1. Comparative evaluations and expert reviews indicated that systemic awareness improved
by approximately one-third. More specifically, the reported 32% increase reflects the average growth
in students’ scores in the “systems thinking” category between the initial diagnostic stage and the
final design submission.

A. COMPETENCE ASSESSMENT

Rubric Evaluation (0-10 scale) J
Piakals 4 PARAMETERS: Skl

A}

: Sustems thinking :

PRE-INTERVENTION ! Ecological awareness :

’ STAGE | Sustainability :
)

POST-INTERVENTION
STRAGE .

| f
1 ‘| 1 0 Ergonomics 1 _— :
: Initial students 1 N g —————— 1 320/ I
| projects 1 o0 - - I + (o) |
1 : 'x‘ Expert review Gurd) : Systemic competence !
1 K 1 ECOLOGICAL-RARCHITECTURAL- increase :
! /J' Baseline PEDAGOGICAL SPIRAL ! I
: Al assessment 1 Better integration of systems| |
| : m : Informed design decisions :

\ . , )
| Fragmented design : ‘ : L Higher analytical skills :
1 approach 1 1 \

1
! '! ! 1
M e < +20°/o 1
I
| Ecological impact I
Simplified LCA : reduction 1
1
: Lower carbon footprint I
- 1
@ Materials (recycled/renewable) ! ;ﬂi‘:.:;::ﬁ;i:i !
Energy performance (passive design) \\ 7
_______________ ”
o Recource efficiency
Composite ecological index
~ = Input (before]) ﬂ = Competence assessment = Ecological assessment (LCA) ﬂ = Output (after)

Figure 1 - Evaluation methodology of student competencies and ecological performance based on pre- and post-
intervention assessment [ Author’s material ]
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Students demonstrated an ability to explicitly correlate decisions related to orientation, material
selection, and spatial configuration with metrics such as daylighting efficiency, thermal comfort, and
carbon footprint [6; 8; 17]. Life cycle assessments conducted on student projects revealed an average
reduction of approximately 20% in ecological impact. This indicator was calculated through a
simplified comparative LCA model applied to the baseline and final design versions, using three
groups of criteria: material choice, passive energy performance, and resource efficiency. Thus, the
20% reduction reflects the average decrease in the composite ecological impact index across the
student sample.

This improvement was primarily attributed to the incorporation of recycled or renewable
materials, the optimization of building envelopes, and spatial strategies that enhanced passive energy
performance [7; 13]. A summary of pre- and post-intervention results is presented in Table 1.

Table 1 - Comparative analysis of student project performance before and after introducing the integrated educational
model [Author’s material]

Ne Parameter Before implementation After implementation Observed change
1 Systemic thinking in Fragmented spatial- Integrated systems and contextual ~Marked increase in
design ecological relations understanding synthesis
2 Environmental Sporadic use of Regular LCA, biomimetic . .
L - S Higher eco-literacy
awareness sustainability tools analogies, resource optimization
3 . S No quantitative eco- Measurable criteria Reduced carbon and
Project sustainability . .
assessment (materials/energy/cycles) impact
4 Design ergonomics & Human factors Comfort, accessibility, legibility Enhanced user
user comfort secondary prioritized experience

Sustainability was therefore evaluated not only conceptually but also through measurable
comparative indicators recorded before and after the implementation of the model. As shown in Table
1, positive dynamics were observed across all four assessment domains, confirming the practical
effect of integrating ecological and architectural reasoning within studio-based learning. Additional
indicators related to ergonomics and perception also showed improvement. Expert juries, comprising
architects, human factors specialists, and eco-designers, reported higher levels of comfort, spatial
coherence, and functional clarity compared to control projects, which corresponds to approaches
emphasizing humane environments and empathic design [16; 17]. Students increasingly treated
sustainability as an intrinsic design parameter rather than an external constraint [15], intentionally
incorporating natural light, gradations of privacy, and green or aquatic elements to improve spatial
legibility and user experience [18; 19]. Overall, these results confirm that the deliberate interweaving
of architectural logic and ecological analysis within studio assignments yields measurable and
meaningful outcomes for sustainable design education [1-3; 9; 11].

3.2. Visual and Qualitative Outcomes

The visual and qualitative results of the study were expressed through analytical diagrams,
conceptual infographics, and visual models that demonstrate the transition from separate disciplinary
approaches to a unified iterative system of architectural-ecological education. These visual materials
functioned not only as illustrative elements but also as analytical tools supporting the interpretation
of the results. They enabled the identification of structural relationships between design decisions,
ecological parameters, and pedagogical processes, thereby complementing the quantitative findings
presented in Section 3.1. This visual layer not only reflected the theoretical “DNA structure” of the
study but also served as an independent method of verification by revealing the consistency between
conceptual goals and practical outputs [9; 21].

The conceptual “DNA model” of the Ecological-Architectural-Pedagogical Spiral. Tt
emphasizes three interrelated layers:

1. Contextual-spatial comprehension, involving the formation of architectural thinking based
on the perception of environment and structure;
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2. Environmental sensitivity, representing the ecological component and focusing on energy
balance, material cycles, and biomimetic analogies;

3. Creative synthesis, understood as educational integration that translates analytical
understanding into experimental design practice.

ARCHITECTURAL LOGIC = SPATIAL SYSTEMS /
& /) Systemic synthesis point
I Architectural reasoning spatial systems
DESIGN 2
E C O LO G Y [\ Conceptualization / Form Generation

feedback cycles

/)) Rdaptation and Functional Feedback

Ecological Sensitivity
‘: Structuring and System Definition

Environmental Modelling

¥
Resource Cycles <2

&

OBSERVATION >ANALYSIS > INTEGRATION > REFLECTION> ITERATION

Figure 2 - The conceptual “DNA” model of integrative design education [Author’s material]

As shown in Figure 2, the conceptual “DNA” model represents a structured iterative process
that links contextual analysis, design generation, and evaluation within a continuous feedback loop
between theory and practice. Its vertical axis indicates the gradual accumulation of knowledge and
professional competence, while the cyclical horizontal movement reflects repeated design iterations
validated through feedback, assessment, and prototyping. In this model, architectural form and
ecological function co-evolve at each stage of project development, demonstrating that learning
outcomes are achieved not through linear progression but through the iterative refinement of design
decisions. This logic corresponds to the pedagogical principle of “learning through transformation”
and resonates with biomimetic design education, where iteration and adaptation are understood as
organic processes of growth [11; 20].

Figure 3 presents the operationalization of the model within the studio environment and
demonstrates how abstract principles are translated into a structured design workflow. The diagram
shows how biomimetic research, material selection, and spatial composition are interlinked into a
unified design logic [1; 16].

At the initial stage, students analyzed natural prototypes to identify formal and functional
analogies. The following phase involved translating these analogies into architectural morphologies,
supported by life-cycle assessments and energy simulations. In the final stage, conceptual models
evolved into spatial prototypes tested for ergonomic quality, adaptability, and user comfort [18].

This workflow demonstrates a clear methodological progression from analysis to synthesis and
evaluation, confirming the reproducibility of the proposed pedagogical approach and showing how
the integration of analytical and creative methods generates projects characterized by internal logic,
structural consistency, and emotional resonance, combining architectural expressiveness with
ecological responsibility [19].

Importantly, the qualitative assessment revealed a shift from form-driven solutions toward
performance-oriented design strategies, supporting the quantitative findings on increased systemic
competence and reduced ecological impact.

Thus, the visual results provide empirical support for the effectiveness of the proposed model
by demonstrating the coherence between conceptual structure, methodological implementation, and
design outcomes. These visuals became an integral part of the research evidence, demonstrating how
the proposed model fosters both conceptual understanding and tangible design quality.
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SYNTHESIS
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Testing
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“ ) Knowledge Transfer /
/l New Design Cycle
&
Figure 3 - Applied workflow integrating architectural and ecological parameters in student projects [ Author’s material ]

3.3. Morphological and Spatial Synthesis

The morphological analysis of student projects revealed a distinct evolution in spatial logic and
compositional thinking. In the early stages, most works were characterized by fragmentary, form-
driven approaches with limited ecological context. After the implementation of the integrative model,
however, students began to demonstrate systemic spatial configurations that mirrored the adaptive
principles found in nature, producing an effect similar to the self-organizing mechanisms described
in biomimetic architectural research [1; 11].

Emergence of systemic form

From a compositional perspective, the projects displayed a transition from static geometric
order to dynamic, relational morphologies. Spatial hierarchies became less formalistic and more
responsive to environmental gradients such as sunlight, airflow, and pedestrian flow. This shift
reflects the theoretical foundations of biomimetic synthesis, in which structure and function evolve
simultaneously to achieve balance between efficiency and expressiveness [3; 13; 20].

Such tendencies were especially evident in the typologies of the Business Center and Public
Space studios, where biomimetic analogies guided both zoning logic and material articulation. The
resulting configurations exhibited porous boundaries, layered transparency, and gradient transitions
between interior and exterior environments, echoing the humane, context-sensitive principles
identified in traditional urban environments [18; 21].

Integration of ecological and architectural parameters

Figure 4 presents a schematic representation of the Integration Path, summarizing how
ecological and architectural dimensions intersect within the design process. Along this path, three
ecological parameters, energy, material, and climate, correspond to three architectural dimensions,
structure, volume, and space. Their intersection points represent moments of synthesis, where design
decisions are informed simultaneously by environmental data and formal intuition [1; 11].

Adaptive performance

Projects developed under this framework demonstrated improved adaptability to microclimatic
and contextual factors, more balanced daylight distribution, and enhanced comfort levels for users.
Structural systems were often optimized through passive energy strategies, while spatial sequences
reflected gradual transitions between open and enclosed zones.

These findings confirm that interdisciplinary interaction acts as a catalyst for sustainable design
thinking, enabling students to perceive architecture not merely as an artistic expression but as a living
system that evolves through dialogue between ecological constraints and human experience [16; 19].
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1

o——oO0

CLIMATE-SPACE - ENVIRONMENTAL
COMFORT AND NATURAL REGULATION.

2
O

MATERIAL-VOLUME - RESOURCE
OPTIMIZATION AND ADAPTIVE FORM;

3

—0

ENERGY-STRUCTURE - PASSIVE SYSTEMS
AND ORIENTATION EFFICIENCY

Figure 4 - Scheme of the integration path between ecological and architectural parameters in design learning
[Author’s material]

3.4. Comparison with International Research

The results obtained in this study are in direct alignment with international theoretical and
pedagogical research on sustainable architectural education. As emphasized by [2], architectural form
functions as a mediator between structure and environment, embodying the dialectical relationship
between physical organization and ecological responsiveness. This conceptualization finds empirical
resonance in our students’ ability to perceive spatial form not as an isolated artistic expression but as
a dynamic interface between material, climate, and human factors.

Further pedagogical implications are derived from [1], who demonstrated that biomimetic
modeling in architectural education strengthens interdisciplinary cognition, bridging the gap between
theoretical abstraction and applied design experimentation. The use of natural analogies and a
systems-based approach enhances students’ understanding of sustainable performance principles and
promotes long-term retention of ecological knowledge [11; 13].

The present study advances these frameworks by operationalizing ecological-architectural
interconnections within a structured educational process, transforming abstract sustainability
discourse into tangible design practice. In our model, sustainability is not treated as an external
constraint but as a pedagogical driver that reshapes cognitive and creative mechanisms. Consequently,
the results provide new empirical evidence that ecological literacy and spatial intelligence can co-
evolve within a unified, iterative learning cycle [19; 20].

Thus, the experiment confirms the premise articulated in recent international studies: learning
from natural systems fosters deeper systemic reasoning, adaptability, and empathy toward the built
environment [1; 11; 13].

3.5. The Significance of the Model

The introduction of the Ecological-Architectural-Pedagogical Spiral represents a profound
transformation in the epistemological and methodological foundations of contemporary design
education. Rather than functioning as a discrete intervention, the model operates as a systemic
reconfiguration of how architecture and industrial design are taught, understood, and practiced within
academic settings. It proposes a shift from traditional, discipline-specific instruction toward a holistic,
integrative pedagogical structure that aligns ecological reasoning, architectural systems thinking, and
design-based inquiry within a unified educational trajectory.

At its core, the model reframes the learning process from linear, compartmentalized knowledge
acquisition to a spiral configuration of cyclical and recursive competence formation. In this
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framework, learning is not segmented into isolated theoretical or technical modules, but emerges
through iterative processes that continuously connect environmental, spatial, and cognitive
parameters. This pedagogical logic reflects a deep alignment with current debates in design education
that call for a convergence of sustainability, systems thinking, and transdisciplinary knowledge
production.

Three primary educational transitions illustrate this paradigm shift:

1. From Fragmented Subject Learning — Toward Integrated Systems Competence
Conventional design curricula often segment knowledge into autonomous domains, such as structural
analysis, environmental systems, or aesthetics, which impedes the development of integrative
thinking. The spiral model, by contrast, fosters a synthetic mode of learning in which students are
encouraged to view environmental performance, spatial organization, and user experience as co-
dependent variables within a singular conceptual framework. This transformation allows learners to
perceive design not as the accumulation of discrete skills, but as the capacity to manage
interdependencies within complex spatial-ecological systems [1].

2. From  Object-Oriented Design — Toward  Environmental  Integration
Traditional approaches to design education often privilege the object, product, or building as a self-
contained entity, separated from its ecological or cultural context. The spiral model subverts this
tendency by situating design within a continuum of environmental processes, recognizing architecture
not as an autonomous artifact but as an active participant in broader material, energy, and behavioral
systems. Through the application of ecological analysis tools and spatial simulation methods, students
begin to engage architecture as both an ecological interface and a social infrastructure [2; 13].

3. From Isolated Assignments — Toward Collaborative, Research-Led Studio Cultures
A further critical dimension of the spiral model is its emphasis on collaborative learning
environments. Rather than relying on atomized tasks that prioritize individual output, the model
advocates for studio-based learning structures oriented around research, dialogue, and co-creation.
These studios facilitate experiential learning, where students engage in peer evaluation, cross-
disciplinary exchange, and iterative reflection. This process mirrors professional design practice and
aligns with the principles of critical pedagogy and sustainable development [9; 14; 15].

As visualized in Figures 2 and 3, the spiral configuration and its applied workflow operate
through recursive feedback loops. Each design iteration revisits and deepens earlier analytical and
conceptual inquiries, generating a dynamic interplay between cognition, experimentation, ecological
assessment, and environmental feedback. In this way, design cognition is cultivated as both analytical
and affective, simultaneously structured and exploratory, systemic and situated. This cyclical
structure fosters key capacities for sustainable practice, including adaptability, critical reflection, and
ethical responsibility.

Importantly, the Ecological-Architectural-Pedagogical Spiral should not be seen merely as a
didactic technique but as a strategic framework for rethinking the role of design education in the
Anthropocene. Its methodology resonates with the global directives outlined in UNESCO’s
Education for Sustainable Development (ESD), which advocates for pedagogies that build not only
knowledge and skills, but also values such as intergenerational responsibility, ecological awareness,
and cultural contextualization. Within this framework, sustainability is not taught as a prescriptive
checklist, but cultivated as a lived, experiential process of design inquiry in which students learn to
act, reflect, and design within socio-ecological realities.

Ultimately, this model contributes to the transformation of sustainability from a technical add-
on to a core epistemological driver of design education. It reframes the studio as a laboratory of
empathy, systems thinking, and synthetic reasoning, where the design process becomes a medium for
cultivating ethical, ecological, and spatial intelligence. By embedding sustainability as a structuring
logic rather than a marginal concern, the Ecological-Architectural-Pedagogical Spiral redefines what
it means to educate designers in the 21st century.

3.6. Limitations and Perspectives
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While the presented research confirms the pedagogical effectiveness of the Ecological-
Architectural-Pedagogical Spiral, several methodological constraints must be acknowledged. The
sample size (n = 38) and the limited duration of one academic semester impose natural restrictions
on the generalizability of the findings. The evaluation of integrative competencies in design education
often requires longitudinal observation to capture the dynamics of cognitive development and
sustained ecological awareness [1; 12].

A long-term, multi-cohort study would therefore provide more nuanced insights into the
durability of competence formation and the evolution of interdisciplinary thinking. Additionally, the
model’s implementation was limited to architectural design courses; however, its theoretical
framework exhibits potential for adaptation across related disciplines, including urban planning,
environmental engineering, industrial design, and landscape architecture [2; 13]. Future research
directions should emphasize cross-university and international collaboration, expanding the empirical
base and facilitating comparative analysis between educational systems. Furthermore, the integration
of the spiral model into digital design environments, particularly Building Information Modelling
(BIM) and Life Cycle Assessment (LCA) modules, could substantially enhance the real-time
evaluation of environmental performance and design decisions [10; 19; 20; 23]. Such digital-analytical
integration will allow for a multi-scalar educational platform, where sustainability principles are
embedded not only conceptually but also through computational and simulation-based tools.
Ultimately, the model’s evolution depends on its capacity to adapt to emerging technologies and to
cultivate an ecosystem of learning that continuously aligns architectural creativity with ecological
intelligence.

3.7. Summary of Findings

The collective results of the study affirm that the convergence of architectural, ecological, and
pedagogical paradigms produces both quantitative and qualitative benefits in design education.
Statistically measurable outcomes, such as the 32% increase in systemic competence and the average
20% reduction in the ecological impact of student projects, correspond with enhanced ergonomic,
perceptual, and cognitive performance [1; 11]. At the qualitative level, students exhibited a more
holistic perception of the built environment, demonstrating an ability to translate abstract
sustainability principles into concrete spatial and material strategies [3; 12; 13]. This transformation
from isolated problem-solving to systemic design reasoning represents a critical step toward the
redefinition of architectural education as a platform for environmental consciousness and ethical
design thinking. By engaging students in the analytical exploration of spatial systems, ecological
behavior, and human-environment interaction, the study contributes to the formation of a new
generation of designers and professionals capable of transforming sustainability from a conceptual
framework into an actionable design paradigm. In this regard, the developed educational model
functions as both a methodological innovation and a philosophical proposition: it nurtures designers
who think in systems, act responsibly, and create spaces that harmonize human experience with the
dynamics of nature [19; 20].

4 CONCLUSIONS

The results of the study confirm that the integration of architectural and ecological reasoning
into studio-based design education should be understood as a systemic pedagogical process rather
than as a set of separate sustainability-related tasks. Based on the conducted analysis, the following
conclusions can be drawn.

1. The Ecological-Architectural-Pedagogical Spiral establishes a unified framework for
connecting spatial analysis, ecological assessment, and studio-based learning within architectural and
industrial design education.

2. The effectiveness of sustainable design training is determined not by the inclusion of
individual environmental tools alone, but by the interaction between systems thinking, architectural
reasoning, biomimetic strategies, and iterative pedagogical reflection.
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3. The implementation of the proposed model resulted in measurable improvements in student
performance, including a 32% increase in systemic thinking and an average 20% reduction in the
ecological impact of student projects, confirming the educational value of integrated ecological
design methods.

4. The use of life-cycle assessment (LCA), biomimetic analogies, and ecological performance
metrics enabled students to translate sustainability principles into concrete spatial, material, and
ergonomic design decisions.

5. The proposed pedagogical framework establishes a direct link between ecological analysis,
design generation, and professional competence formation, offering an operational approach to
sustainability-oriented architectural and design education.

The practical application of the results includes the development of interdisciplinary studio
formats, the introduction of ecological performance metrics into architectural and industrial design
training, and the integration of digital tools such as BIM, LCA, and parametric simulation for
evaluating environmental impact. The proposed approach can also be applied in architectural
education as a methodological tool for teaching systems thinking, ecological responsibility, and
context-sensitive design principles.

The study is limited by the sample size (n = 38) and the duration of a single academic semester.
Further research may involve longitudinal and cross-institutional studies, as well as the application
of advanced digital assessment tools for quantitative validation and refinement of the proposed
pedagogical model.
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