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Abstract

In architecture, design emerges from complex cognitive processes integrating perception, imagination, reasoning, and decision-
making, Among the various forms of knowledge influencing architectural thinking, geometry occupies a central position. It
functions not only as a technical tool for measurement, drawing, and construction but also as a conceptual framework through
which ideas are transformed into coherent spatial and formal structures. Mastery of geometric knowledge enables architects to
organize space, establish proportions, and generate architectural forms with clarity and intelligibility. This study aims to identify
and conceptualize geometric thinking in architectural design and develop a grounded model explaining its role in enhancing
architects’ cognitive skills. A qualitative research approach based on grounded theory was employed, using a purposive review of
theoretical texts and scholarly works related to architecture, geometry, and thinking, Data collection and analysis were conducted
simultaneously through open, axial, and selective coding using MAXQDA software and continued until theoretical saturation
was achieved. The findings indicate that geometric thinking is shaped by interrelated causal, contextual, and intervening factors.
Causal factors include the rigor of geomettic reasoning and the recognition of geometry as a foundational system of architectural
knowledge. Contextual factors involve the distinction between sensory and intellectual geometry, as well as theoretical and practical
dimensions. Intervening factors encompass measures, proportions, and rules regulating order and harmony in architectural
space. The identified strategies—such as valuing geometric principles through logical reasoning and discovering geomettic rules
through systematic analysis—enable structured and rational approaches to design, leading to improved understanding, precision,
and mental clarity in the design process. In conclusion, the proposed conceptual model highlights the cognitive, epistemological,
and practical significance of geometry in architectural design. Cultivating geometric thinking enhances design coherence, quality,
and rationality, offering valuable insights for both architectural education and professional practice.
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Introduction

Throughout history, thinking has played a fundamental role in the formation and organization of human
knowledge. It enables individuals to interpret reality, structure experience, and generate meaning, In architecture,
design extends beyond technical execution or artistic expression and constitutes a complex cognitive process
involving perception, imagination, reasoning, decision-making, and problem-solving, Consequently, the
quality, coherence, and intelligibility of architectural outcomes are deeply rooted in the cognitive mechanisms
underlying the design process, making the study of architectural thinking essential to both theory and practice.
Among the various forms of knowledge shaping architectural thinking, geometry has historically occupied
a central position. From ancient architectural traditions to contemporary design methodologies, geometry
has functioned not only as a tool for representation, measurement, and construction but also as a conceptual
language for understanding and organizing space. As a cognitive system, geometry mediates between abstract
ideas and their spatial realization, enabling architects to establish order, proportion, hierarchy, and coherence
within architectural form. Analyses of geometric relationships in architectural works indicate that geometry
actively guides designers’ thinking and decision-making processes, operating as an ordering principle throughout
the design continuum—ifrom conceptualization to realization. Despite its significance, existing research has
largely addressed geometry as a formal, structural, or decorative component of architecture, whereas its role
as a mode of thinking that shapes design cognition has received limited attention. This gap underscores the
need for a conceptual investigation of geometry as a cognitive framework in architectural design. In response,
the present study aims to identify, analyze, and conceptualize geometric thinking in architectural design. The
primary objective is to develop a grounded conceptual model explaining how geometric knowledge contributes
to structuring and enhancing architects’ cognitive processes and design capabilities. By emphasizing geometry
as a cognitive framework rather than merely a technical skill, the study seeks to clarify its role in supporting

rationality, creativity, and coherence in architectural design.

Materials and Methods

This research adopts a qualitative approach based on the principles of grounded theory (GTM), selected for its
suitability in exploring complex, abstract, and insufficiently theorized phenomena such as cognitive processes
in architectural design. Grounded theory enables theory development directly from data, allowing conceptual
frameworks to emerge inductively rather than being imposed a priozi. In this study, GTM provides a systematic
yet flexible structure for uncovering the components and relationships underlying geometric thinking in
architectural design. Data were collected through a purposive review of library-based sources, including
theoretical texts, academic books, and peer-reviewed articles related to thinking, geometry, and architecture.
Sources were selected based on their explicit or implicit engagement with geometry’s role in architectural
cognition and design processes. The dataset encompassed classical philosophical writings, historical analyses
of architectural practice, studies in architectural education, and contemporary research on design cognition.
In accordance with grounded theory methodology, data collection and analysis were conducted concurrently.
As preliminary concepts emerged, additional sources were incorporated to elaborate and refine the developing
theoretical structure. This iterative process continued until theoretical saturation was achieved, at which point
further analysis yielded no new concepts or categories. Data analysis was conducted using MAXQDA software
and followed three stages: open coding, axial coding, and selective coding. Open coding involved identifying
and labeling key concepts related to geometric thinking, Axial coding focused on establishing relationships
among concepts and organizing them into broader categories. Selective coding integrated these categories
around a core phenomenon, resulting in a coherent conceptual model of geometric thinking in architectural
design.
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Results

The analysis revealed that geometric thinking in architectural design is shaped by a network of interrelated
factors categorized as causal, contextual, and intervening, Causal factors establish geometry as a reliable
and foundational component of architectural knowledge, emphasizing the rigor, stability, and precision of
geometric reasoning, as well as its recognition as a fundamental basis for design decisions. Geometry thus
provides a logically consistent framework that supports rational judgment and coherence throughout the
design process. Contextual factors define the conditions under which geometric thinking operates. These
include the distinction and interaction between sensory and intellectual geometry, as well as between theoretical
and practical dimensions. Sensory geometry relates to visual perception, experiential understanding, and
intuitive recognition of spatial patterns, whereas intellectual geometry facilitates abstraction, conceptual
reasoning, and analytical exploration. Theoretical geometry provides structural principles and logical
systems, while practical geometry enables their application in drawing, measurement, and construction. The
interaction of these dimensions creates a dynamic context for geometric thinking in architectural design.
Intervening factors regulate the application of geometric thinking and include measures, proportions, ratios,
and qualitative and quantitative rules. These elements mediate between abstract geometric concepts and
practical design strategies, governing scale, order, and harmony in architectural space and enabling the

effective translation of geometric reasoning into built form.

Discussion

The findings demonstrate that geometry operates simultaneously as a cognitive and practical framework
within architectural design. By integrating causal, contextual, and intervening factors, geometric thinking
facilitates systematic reasoning, supports mental clarity, and enables coherent spatial organization. The
interaction between sensory and intellectual geometry, as well as theoretical and practical dimensions,
highlights geometry’s role as a mediator between perception and reasoning in the design process. This
perspective aligns with contemporary research in architectural design cognition, which conceptualizes
design as an iterative process involving abstraction, representation, and structured reasoning. The present
study contributes to this body of knowledge by articulating geometry as a foundational cognitive framework
rather than a supplementary technical tool, thereby extending current theoretical understandings of design

thinking in architecture.

Conclusion

The grounded conceptual model developed in this study positions geometric thinking as a core cognitive
strategy in architectural design, emphasizing its role in enhancing rationality, creativity, and decision-making.
Beyond its technical applications, geometric thinking enables architects to systematically explore spatial
relationships, evaluate design alternatives, and anticipate design outcomes before physical realization,
thereby reducing uncertainty in the design process. From an educational perspective, the model provides
a theoretical foundation for integrating geometric reasoning into architectural pedagogy as a cognitive
skill. Such integration can strengthen students’ problem-solving abilities, critical thinking, and capacity for
reflective decision-making. In professional practice, the model offers insights into managing complex design
challenges by clarifying the role of measures, proportions, and relational structures in alighing conceptual
intentions with practical constraints. Ultimately, the study establishes geometric thinking as a fundamental
cognitive framework that enhances both the intellectual rigor and practical effectiveness of architectural
design.
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Figure 3. Schematic Diagram of the Research Process
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Table 1. Types of Design Thinking (Karvan, 2021, p. 27; Mahmoudi, 2004, p. 32)
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Table 2. Key Aspects of Geometric Knowledge from the Perspective of Scholars and Experts (Open Coding)
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Table 3. Classification of Codes and Concept Extraction (Axial Coding)
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Figure 4. Conceptual Model of the Role of Geometry in Architectural Design Thinking
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