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Abstract: The increasing integration of computational technologies has fundamentally
transformed architectural design processes, challenging the adequacy of conventional
design thinking frameworks. This study aims to redefine design thinking in digital
architectural design by positioning computation as a cognitive agent within the design
process. A qualitative—experimental methodology is employed, combining parametric
modeling, generative design, and performance-based simulation to examine how
algorithmic workflows influence design exploration and decision-making. The research
applies a case-based experimental framework to evaluate early-stage architectural
design alternatives based on thermal and daylight performance criteria. The findings
indicate that computational integration restructures design thinking into a non-linear,
iterative system characterized by continuous feedback between human intuition and
data-driven evaluation. This approach enhances decision-making efficiency, improves
environmental performance, and expands the design solution space without
diminishing architectural authorship. The study concludes that design thinking in the
computational era requires an adaptive, data-informed framework that bridges
conceptual exploration and performative assessment, offering both theoretical and
practical contributions to contemporary architectural practice.
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1. Introduction

Over the past two decades, architectural design
practice has undergone a substantial
transformation  driven by advances in
computational technology. Processes that were
once largely intuitive and representational are
increasingly shaped by data, algorithms, and
performance-based evaluation. This shift can be
observed in the growing adoption of parametric
design methods, generative workflows, visual
scripting, and the early integration of Building
Information Modeling (BIM) with environmental
simulation tools [1], [2]. Rather than functioning
solely as instruments of visualization, these
technologies now influence how architectural
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problems are formulated and addressed from
the outset.

In contemporary practice, computation is no
longer positioned at the end of the design
process as a means of validation. Instead, it has
become  embedded  within  conceptual
exploration itself. Parametric and algorithmic
approaches allow designers to define
relationships between variables and to explore
formal and spatial alternatives in a systematic
manner [3]. Generative design methods further
extend this capacity by enabling computational
systems to produce large sets of design options
based on explicit goals and constraints [4]. As a
consequence, the architect’s role is gradually
shifting—from directly shaping form toward
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constructing rule-based systems and curating
decision-making processes.

Despite the widespread adoption of these
methods, their theoretical implications have not
been fully resolved. In particular, the relevance
of conventional design thinking frameworks
remains contested. Design thinking models,
typically structured around stages such as
empathy, problem definition, ideation,
prototyping, and testing, were developed within
contexts that emphasize human-centered
intuition and linear iteration. In digital
architectural design, however, these stages
increasingly intersect with computational agents
capable of exploring, evaluating, and optimizing
design  solutions  simultaneously through
guantitative means [5]. This condition raises a
fundamental question regarding how design
thinking should operate when computational
systems actively participate in shaping
architectural outcomes.

At the same time, performance-driven design
has emerged as a dominant paradigm in
architectural research and practice. Numerous
studies have demonstrated that the integration
of environmental performance simulations-
particularly related to thermal comfort, energy
efficiency, and daylighting-during early design
stages can lead to improved building
performance and more informed design
decisions [6]. Computational tools make it
possible to test multiple design alternatives in
parallel, allowing designers to evaluate trade-
offs that would be impractical using
conventional approaches. However, when
performance metrics are treated as the sole
drivers of design, there is a risk that architectural
quality is reduced to technical optimization,
detached from conceptual intent and spatial
meaning.

From this perspective, the present study seeks to
reconsider how design thinking can be
reformulated for digital architectural design.
Rather than viewing computation as a neutral
tool, this research positions it as a cognitive
agent that interacts with human designers
throughout the design process. The objectives of
the study are threefold. First, it aims to
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restructure design thinking stages so that they
align with parametric and generative design
workflows. Second, it proposes a method for
integrating performance simulation into the
conceptual phase of architectural design. Third,
it evaluates the extent to which this redefined
framework improves decision-making efficiency
and design performance when compared to
more conventional approaches [5], [6].

The scope of this research is intentionally limited
to the conceptual and early schematic phases of
single-building design. The investigation focuses
on massing strategies and envelope
configurations, with thermal performance and
daylighting selected as primary indicators for
evaluation. The methodological framework
combines algorithm-based parametric modeling,
integrated performance simulation, and multi-
objective analysis to compare and assess
alternative  design  solutions [7]. These
boundaries are established to ensure analytical
depth  while  maintaining  clarity and
reproducibility.

Based on the defined objectives and scope, this
research addresses three central questions. First,
how can design thinking frameworks be
restructured to accommodate the role of
computation in digital architectural design
processes? Second, what methods enable the
systematic integration of parametric design,
generative  algorithms, and performance
simulation during the early design phase? Third,
to what extent does a computation-based design
thinking approach enhance design decision-
making and performance outcomes relative to
conventional practices?

By addressing these questions, the study aims to
contribute both theoretically and practically to
ongoing discussions on digital architectural
design. Theoretical contributions include a
redefined design thinking framework that
reflects contemporary computational practices,
while practical contributions involve a
transferable design methodology applicable to
professional  practice and  architectural
education. Ultimately, this research seeks to
bridge the gap between conceptual exploration
and performance evaluation, supporting a
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design process that is adaptive, reflective, and
informed by data rather than driven by it alone
[8].

The novelty of this research lies in its
reconceptualization of design thinking within
digital architectural design by explicitly
positioning computation as a cognitive agent
rather than a representational or evaluative tool.
Unlike previous studies that focus primarily on
isolated applications of parametric or generative
techniques, this study integrates these methods
within a restructured design thinking framework
supported by performance-based feedback
loops at the early design stage. The research
contributes theoretically by advancing a non-
linear, computation-informed model of design
thinking that bridges intuitive architectural
reasoning and algorithmic logic. Practically, it
offers a transferable and reproducible workflow
that demonstrates how parametric modeling,
generative algorithms, and environmental
simulation can be systematically combined to
improve  decision-making efficiency and
environmental performance without
compromising architectural intent. By validating
this  framework  through experimental
application, the study provides a methodological
reference for both professional practice and
architectural education in the computational era

2. Research Methods

This study adopts a qualitative—experimental
computational approach to redefine the role of
design thinking within digital architectural
design. The methodology combines conceptual
analysis, parametric and generative design
experiments, and performance-based
simulations to examine computation not merely
as a technical instrument, but as a cognitive
agent actively involved in the design process.
The first stage of the research involves the
reconfiguration of conventional design thinking
frameworks. At this stage, established design
thinking phases—empathy, problem definition,
ideation, prototyping, and testing—are critically
examined to identify how computational
processes may be embedded within each phase.
Particular attention is given to moments where
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parametric logic, algorithmic reasoning, and
data-driven feedback can influence design
decisions. The outcome of this stage is a
reformulated design thinking framework that is
computational, adaptive, and explicitly iterative.
The second stage focuses on the development of
parametric and generative design models as
experimental instruments. Key architectural
variables, including building massing,
orientation, envelope configuration, and
opening ratios, are defined as adjustable
parameters within an algorithmic model. These
parameters are encoded to allow systematic
variation and controlled exploration of design
alternatives. Generative design techniques are
then applied to expand the solution space by
producing multiple design configurations based
on predefined performance goals and
constraints. This process enables the exploration
of architectural possibilities beyond manual trial-
and-error approaches.

The third stage consists of computational
performance simulation. Each design alternative
generated through parametric and generative
processes is evaluated using environmental
performance simulations. The analysis focuses
on thermal behavior and daylight performance
as primary indicators of environmental quality.
Simulations are conducted iteratively to assess
how variations in geometric configuration
influence building performance under specific
environmental conditions. The simulation results
are subsequently reintegrated into the design
process as feedback, informing further
refinement of design parameters.

The fourth stage involves multi-objective
analysis and optimization. Performance data
obtained from the simulations are examined to
identify design alternatives that demonstrate
balanced performance across multiple criteria.
Rather than pursuing a single optimal solution,
this stage emphasizes comparative evaluation
and informed trade-offs between competing
design objectives. The analysis provides insight
into how computational workflows support
rational decision-making processes during early-
stage design.
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The fifth stage is the implementation of an
experimental case study. The reformulated
design thinking framework is applied to a specific
architectural design scenario that reflects
realistic design constraints, including site
conditions, orientation, and climatic context.
Throughout the case study, design iterations are
documented and analyzed to observe changes in
design reasoning, iteration speed, and the
relationship between conceptual intent and
performance outcomes. This stage serves to test
the practical applicability of the proposed
framework.

The final stage consists of comparative
evaluation and methodological validation. The
design process and outcomes produced using
the computational design thinking framework
are compared with those generated through
more  conventional design  approaches.
Evaluation criteria include process efficiency,
number of design iterations, environmental
performance metrics, and the clarity of design
decision-making. Validation is conducted
through a combination of qualitative analysis of
the design process and quantitative assessment
of simulation results. This dual evaluation
approach  ensures that the proposed
methodology is supported by both reflective
interpretation and measurable performance
evidence.

Overall, the research methodology is structured
to integrate theoretical inquiry and experimental
practice within a coherent framework. By linking
design thinking with computational workflows
and performance evaluation, the study seeks to
provide a reproducible  methodological
contribution that can inform future research and
practice in digital architectural design.

3. Discussion

This study examines how computational
integration within architectural design processes
reshapes  conventional design  thinking
frameworks. Through parametric design,
generative workflows, and performance-based
simulations, the experimental results
demonstrate that computation operates not
merely as a technical aid, but as a cognitive agent
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that actively participates in architectural
reasoning. These findings indicate that design
thinking in digital architecture undergoes a
structural transformation rather than a simple
extension of traditional tools.

a. Reframing Design Thinking through
Computational Processes

The experimental outcomes reveal that the
traditional stages of design thinking—empathy,
problem definition, ideation, prototyping, and
testing—no longer occur in a linear sequence
within computational design environments. In
parametric workflows, ideation and prototyping
emerge simultaneously through algorithmic
generation of design alternatives. Computation
enables the rapid exploration of hundreds of
configurations, shifting ideation from the
creation of a single concept to the selection and
refinement of multiple possibilities. This
observation aligns with previous research
suggesting that parametric design promotes
non-linear and iterative modes of design thinking
(9], [10].

Furthermore, the notion of empathy in digital
architectural design extends beyond subjective
interpretation of user needs. In this study,
empathy is operationalized through
performance targets related to thermal comfort
and daylight availability. These targets function
as quantifiable representations of user well-
being, allowing empathetic considerations to be
evaluated and validated through simulation-
based feedback. This approach supports the
argument that data-driven performance criteria
can meaningfully augment human-centered
design processes [11].

b. Parametric and Generative Design
Exploration

The parametric design experiments generated a
wide range of design alternatives by
systematically varying building  massing,
orientation, envelope configuration, and
opening ratios. Each variable was encoded
algorithmically, enabling controlled and
repeatable  manipulation. Compared to
conventional sketch-based exploration, this
approach significantly expanded the design
solution space while maintaining analytical
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clarity. These findings reinforce earlier studies
that identify parametric modeling as a powerful
mechanism for structured design exploration
[12].

Generative design methods further extended
this exploration by autonomously producing
design alternatives based on predefined
performance goals and constraints. Notably,
several high-performing configurations
identified through the generative process were
not immediately intuitive from a conventional
design perspective. This outcome supports the
view that computation can function as a co-
designer, augmenting the designer’s cognitive
capacity and revealing latent design
opportunities that may otherwise remain
unexplored [13].

c. Thermal and Daylighting Performance
Evaluation

Performance simulation constituted a central
component of the experimental evaluation. Each
design alternative was assessed using thermal
and daylighting  simulations, revealing
substantial performance variation even among
geometrically similar configurations. These
results highlight the sensitivity of environmental
performance to early-stage design decisions and
confirm the value of integrating simulation into
conceptual design phases [14].

Thermal analysis demonstrated that mass
orientation and opening distribution exerted a
dominant influence on indoor temperature
stability. Designs optimized for orientation and
balanced fenestration exhibited more consistent
thermal behavior than initial baseline
configurations. Daylighting simulations,
however, revealed inherent trade-offs between
illumination levels and the risk of thermal gain,
underscoring the necessity of multi-criteria
evaluation in performance-driven design
processes [15].

d. Multi-Objective Analysis and Design
Decision-Making

To address conflicting performance objectives,
the study employed multi-objective analysis
techniques. The  resulting  Pareto-front
representations  provided a transparent
overview of optimal trade-offs among
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competing criteria. Rather than identifying a
single “best” solution, this approach enabled
informed decision-making based on relative
performance balance. Such analytical clarity
represents a significant departure from intuition-
dominated selection processes commonly
observed in conventional design practice [16].
The experimental results demonstrate that
multi-objective  evaluation enhances the
rationality and transparency of design decisions.
Designers are able to explicitly understand the
implications of each alternative, grounding
aesthetic and conceptual judgments within a
measurable performance context. This finding
directly addresses the second research question
concerning systematic integration of parametric
design and performance simulation.

e. Case Study Implementation and Framework
Validation

Application of the redefined computational
design  thinking framework  within an
experimental case study revealed notable
changes in design behavior. Iteration cycles were
significantly accelerated, the number of
evaluated alternatives increased, and decision-
making  became more  evidence-based.
Compared to conventional approaches, the
computational workflow reduced the time
required to reach performance-compliant design
solutions while preserving conceptual flexibility.
Validation was achieved through comparative
analysis of  computational and non-
computational design processes. The results
indicate that designs produced through the
computational framework consistently achieved
superior environmental performance without
constraining formal expression. These findings
corroborate prior studies emphasizing the
benefits of  early-stage computational
integration in architectural design [17], [18].

f. Implications for Architectural Theory and
Practice

From a theoretical standpoint, this research
supports the view that design thinking in digital
architecture should be understood as a hybrid
process combining human intuition with
computational logic. Computation does not
replace the architect’s role; instead, it extends
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design cognition through systematic exploration
and data-informed feedback. This perspective
aligns with broader theoretical discourse that
calls for a redefinition of architectural authorship
in the digital age [19].

Practically, the proposed framework offers an
operational model for integrating parametric
design, generative methods, and performance
simulation within a coherent workflow. Such an
approach is particularly relevant for architectural
education and professional practice, where
increasing performance demands require
designers to manage complex and often
competing criteria [20], [21].

g. Addressing the Research Questions

Despite its contributions, the study is subject to
certain limitations. The investigation is confined
to a single-building scale and a limited set of
performance indicators. Future research should
expand the framework to include additional
criteria such as acoustic performance, embodied
carbon, and life-cycle assessment, as well as
explore  applications at urban scales.
Furthermore, integrating machine learning
techniques into generative design workflows
presents a promising avenue for extending the
proposed framework [22]-[27].

4. Conclusion

This study demonstrates that design thinking in
digital architectural practice cannot be
adequately understood through conventional
linear frameworks. Based on qualitative—
experimental evidence derived from parametric
modeling, generative design, and performance-
based simulation, the research confirms that
computation functions as a cognitive agent
rather than a passive technical tool.
Consequently, design thinking in the
computational era must be restructured as an
adaptive, iterative, and data-informed process in
which  human intuition and algorithmic
reasoning operate in continuous interaction.

In response to the first research question, the
findings show that design thinking can be
effectively  reconfigured by embedding
computational processes within each design
phase. Empathy is translated into measurable
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performance objectives, ideation is expanded
through algorithmic generation of alternatives,
and prototyping  and testing  occur
simultaneously via iterative simulation. This
restructuring transforms design thinking from a
sequential model into a dynamic system of
feedback loops, better suited to the complexity
of contemporary architectural problems.
Addressing the second research question, the
study confirms that systematic integration of
parametric design, generative algorithms, and
performance simulation is both feasible and
methodologically robust at the early design
stage. The proposed workflow enables designers
to explore a wide solution space while
maintaining control over key design parameters
and performance criteria. Multi-objective
analysis further supports transparent evaluation
of trade-offs, allowing design decisions to be
grounded in evidence rather than intuition
alone.

With regard to the third research question, the
results indicate that a computation-based design
thinking  approach significantly improves
decision-making efficiency and environmental
performance when compared to conventional
practices. Design iterations are accelerated,
performance  outcomes  become more
predictable, and the rationale behind design
choices is clearly articulated. Importantly, these
benefits are achieved without diminishing
conceptual flexibility or architectural authorship.
From a practical perspective, this research offers
architects and educators a transferable
framework for integrating computational tools
into design thinking without reducing
architecture to technical optimization. The
framework provides clear guidance on how to
structure workflows, define parameters, and
interpret performance feedback during early
design stages. In doing so, it supports a balanced
design process that is both analytically rigorous
and architecturally meaningful.

In conclusion, redefining design thinking through
computation is not a technological necessity
alone, but an epistemological shift in how
architectural design knowledge is produced. By
positioning computation as an active participant
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in design cognition, this study contributes a
coherent theoretical and practical foundation for
architectural practice in the computational era.
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