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bstract 

This study develops a conceptual framework that elucidates the role of geometric thinking in fostering creativity 

within parametric design processes. While geometric thinking has long been recognized as central to spatial 

cognition in architecture and design, its specific function in parametric design creativity remains underexplored. To 

address this gap, the research adopts a qualitative theory-building approach based on a comprehensive analysis of 

scholarly sources, including journal articles, conference papers, and foundational texts in parametric design, geometric 

thinking, and design creativity. A structured qualitative analysis employing open, axial, and selective coding techniques 

was conducted to identify and synthesize recurring conceptual patterns. The findings indicate that creativity in parametric 

design emerges from the interaction of five interrelated dimensions: foundational drivers (such as control over 

parameters, designer autonomy, and geometric construction capabilities), the computational environment (including 

parametric platforms and digital modeling tools), influencing factors (such as system complexity and designer expertise), 

strategic mechanisms (including rule formation, algorithmic reasoning, scripting practices, and variation generation), 

and creative outcomes reflected in enhanced exploration and problem-solving. The proposed framework provides a 

theoretical synthesis that clarifies how geometric thinking functions as a mediating cognitive mechanism within digitally 

mediated design systems. By integrating geometric cognition with computational processes and creative dynamics, the 

study advances research in design cognition and computational design while offering a foundation for future empirical 

investigation and pedagogical application.  
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Introduction 

Geometry is a branch of mathematics concerned with the properties and relationships of magnitudes, 

including points, lines, surfaces, and solids in space, as well as the arrangement of components within a 

given object (Concise Oxford English Dictionary, 2002). As one of humanity’s oldest sciences, geometry 

has shaped human understanding of space, form, and proportion for more than 5,000 years. The term derives 

from the Greek words geo (earth) and metry (measurement), underscoring its foundational role in spatial 

measurement and organization (Glaeser, 2020). In classical philosophy, geometry was regarded not only as 

a mathematical discipline but also as a means of understanding fundamental principles of existence. Plato 

extended geometry to include stereometry, the study of spatial measurement, and considered geometric 

knowledge essential for intellectual inquiry. This perspective is reflected in the inscription attributed to the 

entrance of Plato’s Academy: “Let no one ignorant of geometry enter here” (Critchlow, 1976). 

Throughout history, geometry has played a central role in architecture and design by providing a structured 

system for organizing space, form, and proportion. Early geometric thinking was closely associated with 

broader systems of knowledge, including astronomy, music, and human perception, particularly in the work 

of ancient Greek thinkers such as Pythagoras and Plato (Dabbour, 2012). Beyond its mathematical 

foundations, geometry has increasingly been understood as a mode of thinking that enables designers to 

perceive, organize, and transform spatial relationships creatively, thereby supporting the exploration of 

form, structure, and function in design practice (Levav-Waynberg & Leikin, 2012). 

Creative thinking refers to a range of cognitive processes employed when addressing a specific object, 

problem, or situation (Glass, 2004). It involves focused engagement with contextual challenges and relies 

on cognitive capacities such as imagination, intelligence, insight, and prior knowledge to generate original 

ideas, propose innovative concepts, formulate hypotheses, and explore novel applications (Young & Balli, 

2014; Birgili, 2015). Within mathematical and spatial domains, creative thinking includes the ability to 

approach problems from multiple perspectives, recognize patterns, identify similarities and differences, 

generate alternative solutions, and select appropriate strategies for solving non-routine problems (Idris & 

Nor, 2010; Utami et al., 2019). 

In both educational and professional design contexts, creativity is closely intertwined with geometry, as 

geometric thinking supports spatial visualization, form generation, and structural organization (Levav-

Waynberg & Leikin, 2012). With the emergence of digital and parametric design environments, geometric 

thinking has gained renewed significance. Designers increasingly engage with rule-based systems, variable-

driven geometries, and algorithmic processes to generate and explore design alternatives. Parametric design 

fundamentally relies on geometric thinking to define relationships between parameters, regulate formal 

variation, and enable systematic exploration of complex design spaces. 

Despite this close relationship, a comprehensive conceptual framework explaining how geometric thinking 

functions as a cognitive mechanism for fostering creativity within parametric design processes remains 

insufficiently articulated. Although geometric knowledge is widely recognized as a core component of 

mathematical and spatial cognition, its specific role in shaping creative processes, particularly within 

parametric and computational environments, has not been clearly theorized. Accordingly, this research 

seeks to conceptualize the role of geometric thinking in design process creativity by developing a 

framework that positions geometric thinking as a central cognitive structure within parametric design 

systems. Rather than offering empirical generalization, the study contributes a theoretical foundation 

intended to guide future research in design cognition, parametric design, and creativity. 
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Theoretical framework 

1. Defining and Distinguishing Geometric Concepts 

Before examining the role of geometric thinking in parametric design creativity, it is necessary to clarify 

several related concepts to ensure conceptual precision. Geometric thinking refers to the cognitive ability 

to reason about spatial relationships, transformations, and abstract geometric concepts (Van Hiele, 1986; 

Levav-Waynberg & Leikin, 2012). Geometric principles denote the foundational rules and properties 

governing shapes, proportions, symmetry, and spatial configurations, which inform both formal and 

functional design decisions (Pope & Ackerman, 1999; Masaheb, 2004). 

Geometric construction refers to the practical processes through which designers or students create, 

manipulate, and represent geometric forms, often using drawing instruments or digital modeling software 

(Oviawe & Uddin, 2020; Sambo, 2015). Geometric reasoning encompasses the logical processes applied 

to analyze, synthesize, and derive conclusions from geometric relationships, enabling designers to navigate 

constraints and develop structured solutions (Lee & Kim, 1996; Lawson, 2006). 

Establishing these distinctions provides a conceptual foundation for examining how parametric design 

environments mediate the interaction between geometry and creativity, while avoiding terminological 

ambiguity. 

2. Geometric Thinking in Design 

Geometric thinking has historically functioned as a core component of spatial reasoning, supporting 

designers in organizing, structuring, and manipulating space. The study of geometry has long been 

recognized as a foundational pillar of architecture and design, serving both as a mathematical system and 

as a cognitive tool (Biruni, 2008; Seyed-Sadr, 2002). Although geometric thinking has been extensively 

examined in educational research, particularly through van Hiele’s levels of geometric thinking (Van Hiele, 

1986), its contribution to creative processes in professional design practice, especially within parametric 

frameworks, has received comparatively less focused attention (Pope & Ackerman, 1999). 

Geometric thinking involves both quantitative and qualitative dimensions. Quantitative aspects include size, 

scale, proportion, and measurement, while qualitative aspects involve symmetry, balance, and harmony 

(Masaheb, 2004). Together, these dimensions enable designers to interpret spatial relationships and 

proportions that shape both aesthetic and functional outcomes. In computational contexts, geometric 

thinking extends beyond traditional Euclidean principles to incorporate parametric control and algorithmic 

procedures, allowing designers to explore expanded design spaces through digitally mediated systems 

(Pope & Ackerman, 1999). 

3. Design Thinking and its Relation to Geometric Thinking 

The formalization of design thinking in the 1960s marked a shift toward structured approaches for 

addressing complex problems. Design thinking has been characterized as an iterative process involving 

prototyping, feedback, and experimentation aimed at generating innovative solutions (Brown, 2009). When 

considered alongside geometric thinking, it introduces a more structured cognitive dimension to spatial 

exploration, particularly in parametric and algorithmic design contexts (Razzouk & Shute, 2012). 

Design thinking emphasizes user-centered problem solving and stakeholder engagement throughout the 

process. When integrated with geometric thinking, it provides designers with a systematic framework for 

organizing spatial relationships and testing formal alternatives (Kimbell, 2011). The iterative nature of 

design thinking complements geometric thinking by supporting the visualization and evaluation of 

alternative configurations, thereby facilitating the exploration of new forms and structural possibilities 

(Beckman & Barry, 2007). This integration becomes particularly significant in parametric design, where 

forms and relationships are generated and modified through computational rules and variable-driven 

systems (Kimbell, 2011). 
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4. Creativity and Geometric Thinking in Parametric Design 

Creativity in the design process is commonly defined as the capacity to generate ideas that are both novel 

and appropriate to a given context (Sternberg & Lubart, 1999). In parametric design, creative outcomes are 

shaped by the interaction between designers’ cognitive processes and computational tools (Snider et al., 

2014). While parametric systems allow for the systematic exploration of multiple formal alternatives, 

meaningful innovation depends on the designer’s ability to understand and manipulate underlying 

geometric principles (Razzouk & Shute, 2012). 

Geometric thinking plays a central role in this process by enabling designers to interpret and restructure 

spatial relationships within parametric environments. Through an understanding of symmetry, proportion, 

scale, and relational dependencies, designers can generate configurations that extend beyond conventional 

formal solutions. Rather than functioning independently from computational systems, geometric thinking 

operates within them, shaping how rules are defined, variables are controlled, and design variations are 

evaluated. In this sense, the integration of geometric thinking and parametric processes has become 

increasingly influential in contemporary architectural and design practice (Lawson, 2006). 

5. Research Gap and Motivation for the Current Study 

Although geometric thinking has been widely examined in educational and cognitive-developmental 

contexts, relatively limited attention has been directed toward its role in professional design practice, 

particularly within parametric and computational environments. Much of the existing literature emphasizes 

learning outcomes and instructional strategies rather than the cognitive mechanisms through which 

geometric thinking contributes to creative exploration in design processes (Yahya et al., 2022). 

Consequently, there remains a need for a theoretically grounded explanation of how geometric thinking 

operates as a cognitive mechanism within parametric design systems and how it contributes to creative 

outcomes. Addressing this gap, the present study develops a conceptual framework that synthesizes existing 

scholarship to clarify the structural role of geometric thinking in fostering creativity within parametric 

design processes. Rather than offering empirical generalizations, this research provides a theoretical 

foundation intended to support future investigations in design cognition, parametric design, and creativity 

studies 

Methodology 

This study employed structured qualitative coding procedures adapted for literature-based conceptual 

analysis. Rather than generating theory from primary empirical data, coding was used as an analytical 

device to systematically organize and synthesize conceptual arguments derived from secondary scholarly 

sources. Open, axial, and selective coding were applied to identify patterns, conceptual linkages, and 

structural relationships among geometric thinking, parametric design processes, and creativity constructs. 

The literature corpus was identified through systematic searches conducted primarily in Scopus and Web 

of Science, selected for their comprehensive coverage of peer-reviewed research in design, architecture, 

and computational studies. To broaden coverage and reduce database bias, supplementary searches were 

conducted using Google Scholar. ResearchGate was consulted selectively to access full-text publications 

and trace citation networks when necessary. The search strategy combined keywords including “parametric 

design,” “parametric creativity,” “geometric thinking,” “geometric reasoning,” “computational design 

cognition,” and “generative design processes,” using Boolean operators (AND/OR) to capture conceptual 

intersections. 

The temporal scope extended from 1990 onward to capture early theoretical discussions on computational 

and geometric approaches in design. Although relatively few relevant publications were identified between 

1990 and 2000, most selected sources were published after 2000, reflecting the consolidation and expansion 

of parametric design discourse in the early twenty-first century. Foundational works predating this period 
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were included where conceptually relevant, particularly in relation to geometric reasoning and 

computational design theory. 

The initial search yielded 76 scholarly sources. After duplicate removal, titles and abstracts were screened 

for conceptual relevance. Full-text versions of potentially eligible publications were then assessed to 

determine alignment with the study’s focus on the relationship between parametric design processes, 

geometric operations, and creativity-related constructs. Inclusion criteria required explicit discussion of 

parametric design and geometric thinking in relation to design cognition or creativity. Only peer-reviewed 

journal articles, conference papers, and recognized academic books were included; non-scholarly materials 

and purely technical software documentation were excluded. From this pool, 29 sources were selected for 

in-depth coding and conceptual analysis and constituted the core analytical corpus. 

The unit of analysis was defined at the level of conceptual statements within each publication. Particular 

attention was given to explicit theoretical arguments concerning geometric reasoning, parametric control 

logics, constraint systems, and mechanisms of creative generation. The selection and coding process 

followed an iterative comparative approach and continued until conceptual saturation was reached, that is, 

until additional sources no longer introduced substantially new categories or relationships relevant to the 

development of the conceptual framework. This procedure ensured a comprehensive and coherent 

representation of perspectives on geometric thinking and parametric creativity. 

Data analysis proceeded in three stages: (1) open coding, in which key conceptual statements related to 

geometric thinking, parametric control, and creativity outcomes were identified; (2) axial coding, in which 

related codes were grouped into higher-order conceptual categories; and (3) selective coding, in which 

relationships among categories were examined to construct an integrated conceptual framework linking 

geometric cognition and parametric creativity (Figure 1). MAXQDA software facilitated the organization, 

comparison, and retrieval of coded data. 

The conceptual framework was evaluated using established qualitative criteria of credibility and coherence. 

Validation procedures included iterative comparison with existing theoretical models, internal consistency 

checks across categories, and expert review by scholars in design research. Feedback from these reviews 

informed refinement of category definitions and relational structures. Through continuous comparative 

analysis and iterative validation, the framework was refined to ensure conceptual clarity, internal coherence, 

and methodological transparency. 

 

 

 

 

 

 

 

 

 

 

 

 

 
Figure 1: Overview of the research methodology (Source: Authors) 
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Results 

A systematic coding process was applied to analyze the selected corpus and identify key patterns related to 

geometric thinking and parametric design creativity. The analysis followed three sequential stages, open 

coding, axial coding, and selective coding, through which the conceptual framework was progressively 

refined. 

Table 1 presents the results of the open coding stage, summarizing the initial conceptual statements and 

their corresponding codes. At this stage, core concepts were extracted from the literature concerning 

geometric thinking and creative processes within parametric design. These preliminary codes formed the 

foundational layer for subsequent category development and relational analysis. 

 

Table 1: Open coding results: Extracted concepts and codes (Source: Authors). 

Key point Code Identifier 

Parametric design establishes a design language utilizing elements like 

geometries and grammatical structures represented through rules and 

relationships (Jabi et al., 2017). 

Design language through rules and 

geometry 
Px1 

By adjusting the parameters to manage variations, specific design instances can 

be generated or modified from an almost limitless array of solutions (Kolarevic, 

2003; Lawson, 2003). 

Parameter manipulation for variations Px2 

Many people believe that parametric methods and environments foster creativity 

(Iordanova et al., 2009; Lee et al., 2012; Qian et al., 2007; Schnabel, 2007). 
Parametric methods promote creativity Px3 

Parametric design entails dividing the design process into specific rules, which 

supposedly allows for simpler modifications and improves creative results 

(Wortmann & Tunçer, 2017). 

Decomposition of design into rules for 

creative results 
Px4 

Parametric design may be effective in addressing intricate problems, encouraging 

designers to explore new and unexpected design options (Yu et al., 2018). 

Exploring new design solutions through 

parametric design 
Px5 

Parametric software allows designers to channel their creativity into extensive 

exploration through 'what-if' scenarios (Abdelsalam, 2009). 
Parametric software supports creativity Px6 

Parametric design tools have undoubtedly facilitated creative thinking via rule-

based algorithms. However, they also point out that these tools may limit design 

options due to predetermined variations. Additionally, they note that as software 

becomes more complex, its usability tends to decrease (Salim & Burry, 2010). 

Parametric tools for creativity with 

algorithms 
Px7,8 

Reduced diversity due to fixed variations 

Conversely, researchers Salim and Burry argue that, in certain situations, 

parametric design may stifle creativity. They point out that as the possibilities for 

parametric variations grow, managing flexible changes can become 

overwhelming (Salim & Burry, 2010). 

Fixed variations decrease design 

possibilities 
Px9 

Parametric design environments have been said to foster creativity by enabling 

designers to quickly explore various options during the early stages of the design 

process (Pasquarelli, 2002; Spiller, 2008). 

Design environments supporting creativity Px10 

The creation of design variations, largely automated through parametric design, is 

seen as crucial for enhancing creativity and broadening the boundaries of design 

knowledge (Gero, 1996; Liu & Lim, 2006). 

Generating design variations for creativity Px11 

During the parametric design process, rules establish relationships among 

geometric elements (Lee & Kim, 1996). 

Rules define relationships between 

geometric elements 
Px12 

Scripting or coding activities can be seen as a valuable avenue for creativity, as 

they allow for the expression of design concepts (Salim & Burry, 2010). 

Scripting or coding activities as a potential 

channel for creativity 
Px13 

Parametric design encourages the development and transformation of ideas, 

potentially enhancing creativity (Lee et al., 2014). 

Supporting idea generation through 

parametric design 
Px14 
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Three unique variations in cognitive behavior throughout the design process have 

been proposed as facilitating or enhancing creativity. The first pertains 

specifically to parametric design environments and is connected to how often 

designers alternate between geometric (shape creation) and algorithmic (rule 

formulation) processes (Lee et al., 2014). 

Shifting between geometric and algorithmic 

processes 
Px15 

The parametric design process fundamentally depends on creating mathematical 

algorithms to establish rules, alongside 3D geometric representations for 

adjusting and assessing design variations. These two approaches in the design 

process are seen as potential indicators of creative levels (Lee et al., 2014). 

Mathematical algorithms and 3D geometry 

as creativity indicator 
Px16 

Divergent thinking generates a range of design possibilities, while convergent 

thinking focuses on identifying a single solution. Both processes are significantly 

strengthened through scripting and coding tasks in parametric design (Lee et al., 

2011). 

Scripting and coding support divergent and 

convergent thinking 
Px17 

The risk associated with parametric design is that the results can be overly 

abstract and may only be comprehensible in a virtual context. Consequently, 

assessing design variations through a 3D geometric perspective is essential for 

making informed and high-quality decisions (Lee et al., 2014). 

Parametric outcomes may be too abstract 

Px18,19,20 
Parametric outcomes make sense only 

virtually 

3D view evaluation is crucial for quality 

decisions 

Design problem-solving behavior serves as a fundamental and quantifiable 

cognitive metric in the design process (Coley et al., 2007). 
Problem-solving as a cognitive indicator Px21 

While transitioning between various representations during the design process 

can be time-consuming, shifting between geometric and algorithmic 

environments is often crucial in parametric design to foster innovative results 

(Lee et al., 2014). 

Moving between geometric and algorithmic 

environments 
Px22 

Geometry actions refer to the modeling activities involved in creating digital 

geometries, whereas algorithmic actions encompass the generative processes that 

outline the 'parameters,' 'rules,' and 'references.' (Lee et al., 2014). 

Geometry actions for digital modeling 

Px23,24 

Algorithmic actions for generation 

Geometric construction enables students to convert their envisioned objects, 

ideas, and statements into diagrams, thereby improving their capacity to apply 

knowledge in diverse global careers. Geometry acts as a vital instrument that 

promotes logical reasoning and aids in the formation of significant conclusions 

(Sambo, 2015). 

Geometrical construction transforms ideas 

into diagrams 

Px25,26 

Geometry aids logical reasoning for 

meaningful inference 

A subject such as geometric construction requires the use of drawing tools to 

create and develop shapes, which in turn encourages creative thinking among 

students (Oviawe & Uddin, 2020). 

Geometrical construction and drawing 

instruments for creativity 
Px27 

Three-dimensional computer-assisted drawing (3DCAD) has been widely used in 

the presentation of design concepts and creativity (Ye et al., 2008). 

3D CAD is used to present design concepts 

and creativity 
Px28 

3D CAD facilitates spatial understanding and eliminates obstacles to spatial 

expression in the creative design process, enabling the easier proposal and 

realistic representation of creative ideas (Chang, 2014). 

3D CAD for presenting design concepts 

and creativity 

Px29, Px30 

Where creative ideas are easily proposed 

and represented 

3D-CAD fosters creativity by enabling designers to uncover the stylistic features 

of 3D objects and understand the relationships between them (Fuge et al., 2012). 

3D CAD helps in discovering style 

characteristics of 3D objects 
Px31 

School geometry is closely linked to creativity, problem-solving skills, spatial 

awareness, and the understanding of geometric figures (Gagatsis & Geitona, 

2021). 

School geometry is related to creativity Px32 
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Kim et al. (2007) discovered that expert designers employ a ‘Limited 

Commitment Mode control strategy’ more commonly than novice designers 

during the design problem-solving process. 

Limited commitment mode control strategy 

of expert and novice designer 
Px33 

According to Ahmed et al. (2003), experts employ a specific design strategy 

known as 'forward reasoning,' whereas novices often depend on 'trial and error' as 

their approach to design, referred to as 'backward reasoning.' 

Forward and backward reasoning of expert 

and novice designer 
Px34 

Ball et al. (2004) found that experienced designers tend to rely more on schema-

driven analogizing, whereas novices demonstrate the opposite tendency in their 

use of analogy. 

Schema-driven analogizing in expert and 

novice designer 
Px35 

Kavakli and Gero (2002) discovered that the cognitive processes of experts are 

more structured and effective than those of novices. 

Cognitive action of expert and novice 

designer 
Px36 

Table 2 presents the results of the axial coding stage, in which the initial codes were organized into higher-

order conceptual categories. This stage enabled the identification of overarching themes and structural 

relationships that informed the development of the conceptual framework. 

Table 2: Axial coding results: classification of codes and concept extraction (Source: Authors). 

The axial coding stage indicated that the extracted codes operated not as isolated elements but as 

interconnected conceptual clusters. These clusters constituted higher-order categories that clarified the 

structural role of geometric thinking within parametric design creativity. In the selective coding stage, the 

categories identified during axial coding were synthesized into an integrated conceptual framework (Figure 

2), establishing the relational structure among geometric cognition, parametric processes, and creative 

outcomes. 

 

 

 

Concepts Identifier of codes 

Geometric Principles and Design Rules Px1, Px4, Px7, Px12, Px15, Px16, Px23, Px24, Px26 

Control over parameters Px2, Px4 

Freedom of decision-making Px5, Px6 

Algorithmic Tools and Scripting Px7, Px13, Px15, Px16, Px17, Px22, Px24 

Complexity and Constraints Px8, Px9 

Parametric design environments 
Px1, Px3, Px4, Px5, Px6, Px7, Px8, Px10, Px11, Px12, Px14, Px15, Px16, Px17, Px18, 

Px22 

Generating Variations Px2, Px4, Px5, Px6, Px9, Px11, Px17 

Generating Ideas Px5, Px6, Px13, Px30 

Using 3D CAD Px20, Px28, Px29, Px31 

Geometric construction capabilities Px23, Px25, Px26, Px27, Px32 

Designer Experience and Expertise Px33, Px34, Px35, Px36 

Creative Problem-Solving Px2, Px5, Px17, Px21, Px33 

Creative Design Process Px3, Px6, Px7, Px9, Px10, Px11, Px14, Px16, Px27, Px28, Px29, Px30 

Figure 2: Conceptual Framework for Geometric Thinking in Parametric Design Creativity   
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Discussion 

The qualitative analysis of the selected literature revealed that concepts related to geometric thinking and 

parametric design do not operate independently. Instead, they form interconnected clusters that define 

distinct functional roles within the design process. The three-stage coding procedure, open, axial, and 

selective, enabled systematic identification and organization of these conceptual patterns, revealing how 

designers employ geometric reasoning in computational environments. 

The first dimension, foundational drivers, captures elements that enable and structure creative exploration. 

Concepts such as parameter control, designer autonomy, and geometric construction capabilities were 

consistently observed as enabling conditions for manipulating form systematically. These drivers establish 

the generative capacity of the design process, providing the structural logic and operational flexibility 

necessary for exploration of relational form spaces. 

The second dimension, the computational environment, emphasizes the technological contexts within 

which geometric thinking is enacted. Parametric platforms and 3D CAD systems were repeatedly 

highlighted in the literature as central infrastructures that shape the operationalization of geometric 

cognition. Within these environments, geometry becomes dynamic, rule-based, and responsive to 

computational feedback, allowing designers to experiment iteratively and test complex relationships 

between form and constraints. 

The third dimension, influencing factors, identifies conditions that regulate the effectiveness of creative 

activity. System complexity and designer expertise emerged as recurring themes, indicating that cognitive 

clarity, flexibility, and successful exploration are contingent upon both the designer’s skill set and the 

structure of the parametric system. Increased parametric variability expands the design space, but excessive 

complexity can impede comprehension and slow the design process. Similarly, expertise mediates whether 

computational tools function primarily as instruments for exploration or as limiting factors. 

The interaction among these dimensions gives rise to strategic mechanisms that translate geometric thinking 

into procedural actions. These include rule formulation, scripting practices, and systematic variation 

generation. The literature demonstrates that such mechanisms operationalize abstract geometric cognition, 

enabling iterative refinement and the translation of conceptual ideas into tangible design outputs. 

Finally, these processes collectively contribute to observable creative outcomes. The analysis highlighted 

patterns such as problem reframing, generation of novel formal solutions, and the establishment of dynamic 

design workflows. These outcomes indicate that creativity in parametric design emerges through structured 

interaction among foundational drivers, computational environments, influencing factors, and strategic 

mechanisms, rather than as a spontaneous or purely intuitive act. 

Overall, the discussion of these findings illustrates the functional roles and interactions of geometric 

thinking in parametric design. By presenting the results in terms of clusters, dimensions, and operational 

mechanisms, this section clarifies how geometric cognition shapes the design process, setting the stage for 

the subsequent theoretical interpretation and implications. 

Theoretical Implications 

The findings provide several significant theoretical contributions. The conceptual framework positions 

geometric thinking not merely as a cognitive skill but as a mediating mechanism connecting designers’ 

generative capacities, computational environments, and strategic design practices. By articulating the five 

dimensions, foundational drivers, computational environment, influencing factors, strategic mechanisms, 

and creative outcomes, the framework offers a structured explanation of how geometric cognition operates 

within digitally mediated design processes. 

Compared to prior research, this model extends understanding beyond studies focused on geometric 

thinking as an educational or isolated skill (Van Hiele, 1986; Levav-Waynberg & Leikin, 2012; Yahya et 
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al., 2022) and research on parametric design that primarily addressed technological affordances (Kolarevic, 

2003; Snider et al., 2014). By integrating geometric, computational, and strategic dimensions, the 

framework demonstrates that parametric design creativity emerges from systematic interaction among 

cognitive skills, environmental structures, and procedural strategies, rather than as a mere byproduct of 

software or algorithmic capabilities. 

The framework also highlights novel insights regarding professional design workflows. Geometric thinking 

is rule-based, iterative, and generative, enabling designers to explore relational form spaces and manage 

complex parametric systems effectively. Identifying influencing factors, such as designer expertise and 

system complexity, clarifies how these conditions moderate the relationship between geometric cognition 

and creative output. Operational mechanisms, rule formulation, algorithmic reasoning, and systematic 

variation generation, serve as tangible instantiations of geometric thinking, bridging abstract cognition and 

observable practice. 

Furthermore, the framework addresses conceptual tensions inherent in parametric design, such as the 

creativity versus constraint paradox: while increased parametric variability expands design possibilities, 

excessive complexity may impede clarity; computational tools can function as enablers or constraints 

depending on context. By capturing these dynamics, the model demonstrates that creativity emerges from 

structured interaction, not spontaneity. 

Finally, the framework offers a foundation for future research, providing measurable conceptual dimensions 

that can guide empirical studies of real-time geometric thinking, comparisons between novice and expert 

workflows, and evaluations of parametric tools’ impact on creativity. Overall, the theoretical implications 

underscore geometric thinking as an active, mediating, and integrative force, linking cognitive, procedural, 

and computational dimensions, and offering a robust explanatory model for professional design contexts. 

Conclusion 

This study investigated the role of geometric thinking in parametric design creativity through a systematic 

qualitative analysis of scholarly literature. By synthesizing recurring theoretical patterns across research on 

parametric design, geometric cognition, and design creativity, an integrative conceptual framework was 

developed, highlighting how creativity emerges within computational design environments. 

The findings indicate that geometric thinking functions as a mediating cognitive mechanism, connecting 

generative design capacities with computational infrastructures and strategic design practices. Creativity in 

parametric design is not merely the result of technological sophistication or algorithmic automation; rather, 

it arises from the structured interaction among foundational drivers, computational environments, 

influencing factors, and strategic mechanisms. Within this framework, geometry operates as both a 

representational system and a rule-based cognitive tool, enabling designers to explore, transform, and 

reinterpret spatial relationships. 

The main contribution of this research is conceptual: it integrates previously fragmented discussions on 

parametric systems, geometric thinking, and creativity into a coherent explanatory model, addressing a 

significant gap in the literature. By articulating the relational dynamics among the five dimensions, the 

study provides a robust foundation for understanding the interplay between cognition, computation, and 

creative practice in professional design contexts. 

While the framework is derived from secondary literature and has not yet been empirically validated, it 

offers clear guidance for future research, including observational studies in design studios, protocol 

analyses, and comparisons of novice and expert workflows. Ultimately, this study advances the theoretical 

understanding of creativity in computational design, positioning geometric thinking as a central cognitive 

structure and practical enabler of innovation. 
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