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Abstract

The present research was undertaken with the primary aim of identifying and
explicating the types of structural information that can be extracted through
the components of geometric cognition within the architectural design process.
The central problem addressed in this study is the absence of an integrated
understanding of the relationship between the conceptual tools of geometry—
namely, descriptive, constructive, and stable geometry—and the structural per-
formance of architectural designs. This lack of integration is particularly evident
among architecture students, who frequently encounter difficulties in the ear-
ly stages of design when attempting to reconcile geometric form-making with
structural logic.

The primary objective of this research is to anticipate and propose a mecha-
nism for extracting and articulating structural information that can be accessed
through geometric cognition in the context of architectural design. Such a
mechanism is intended to be both comprehensible and applicable for architec-
ture students, thereby enabling them to bridge the conceptual divide between
form and structure. The guiding research question is therefore articulated as
follows: What kinds of structural information can geometric cognition provide
within the conceptual stages of architectural design?
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The necessity of this investigation arises from the increasing complexity of the
simultaneous interplay between geometry and structure in contemporary ar-
chitectural practice. As design processes become more computationally inten-
sive and geometrically sophisticated, the challenge of understanding the inte-
grated relationship between these two domains has intensified, particularly for
students who are still developing their foundational design skills. Without a
coherent framework, the risk is that geometry and structure are treated as sep-
arate domains, leading to fragmented design thinking and missed opportunities
for innovation.

To address this challenge, the study employs a qualitative methodology ground-
ed in the action research paradigm. This approach was selected because it al-
lows for iterative cycles of experimentation, reflection, and refinement, which
are particularly well-suited to the pedagogical and exploratory nature of archi-
tectural design education. Data were collected through a combination of prac-
tical design exercises, experimental workshops, and complementary qualitative
methods, ensuring both depth and triangulation of insights. The research pop-
ulation consisted of 63 participants, including both students and recent grad-
uates of architecture at various academic levels, thereby providing a diverse
spectrum of perspectives and experiences.

The core findings of the study reveal that integrating the three components of
geometric cognition—descriptive, constructive, and stable—within the concep-
tual design stage enables the simultaneous extraction of three distinct catego-
ries of structural information. These categories are as follows:

¢ Spatial Information: This dimension pertains to the visual and formal coor-
dination between geometry and structure. Descriptive geometry enables stu-
dents to comprehend the relationship between structural systems and archi-
tectural form, fostering an understanding of how structural logic influences a
design’s aesthetic and spatial qualities. For example, when students experiment
with geometric projections or descriptive diagrams, they begin to see how a
column grid can either harmonize with or conflict with the rhythm of a facade.

e Scientific Information: This category encompasses analytical insights relat-
ed to equilibrium, stability, and resistance. Through stable cognition, students
can begin to understand the underlying principles of load distribution, balance,
and material performance, even prior to engaging in detailed structural calcu-
lations. This scientific awareness equips them with the capacity to anticipate
potential structural challenges and to evaluate the feasibility of their design
concepts. For instance, when a student sketches a cantilevered volume, stable
cognition allows them to intuitively recognize the need for counterbalancing or
reinforcement, even before numerical analysis is performed.

¢ Technological Information: This dimension involves facilitating simplifica-
tion and standardization in construction processes. By employing constructive
geometry, students can explore modularity, repetition, and fabrication logic,
thereby linking abstract design intentions with practical considerations of con-
struction technology. This technological perspective not only enhances con-
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structability but also encourages innovation in the use of digital tools and fabri-
cation techniques. For example, parametric modeling can reveal how a complex
surface might be rationalized into planar panels for ease of fabrication.

Taken together, these findings underscore the potential of geometric cogni-
tion to serve as a mediating framework between architectural creativity and
structural analysis. By linking the language of architectural imagination with
the logic of structural reasoning, students and architects are empowered to
make informed decisions about structural systems and to generate innovative
forms even before engaging in precise numerical calculations. This integrative
approach thus transforms the role of geometry from a stable representational
tool into a dynamic cognitive medium that actively shapes structural under-
standing.

The implications of this research are multifaceted. Pedagogically, the study pro-
vides a structured pathway for architecture students to develop a more holistic
understanding of the design process. Students learn geometry and structure
concurrently from the beginning, fostering an integrated mindset where form
and structure co-evolve. Such an approach not only enhances design quality
but also reduces the likelihood of costly revisions at later stages of the design
process.

From a methodological perspective, the action research framework proved
particularly effective in capturing the iterative and reflective nature of design
learning. By engaging students in cycles of experimentation and feedback, the
study was able to document not only the outcomes of design exercises but also
the evolving cognitive processes through which students internalized structural
principles. This methodological choice underscores the importance of partici-
patory and practice-based research in architectural education, where the learn-
ing process is as significant as the outcomes achieved.

In terms of disciplinary advancement, the study contributes to the ongoing dis-
course on the relationship between geometry and structure in architecture.
While previous research has often emphasized computational tools or structur-
al optimization techniques, this study foregrounds the cognitive dimension of
geometry as a means of accessing structural knowledge. By doing so, it opens
up new avenues for integrating design thinking with structural reasoning in
ways that are accessible to both students and practitioners.

Furthermore, the findings have practical implications for professional practice.
In an era where complex geometries and advanced fabrication technologies
increasingly characterize architectural projects, the ability to grasp structural
implications at the conceptual stage intuitively is invaluable. Architects who can
navigate the interplay between geometry and structure are better positioned
to collaborate effectively with engineers, to innovate in form-making, and to
ensure the feasibility of their designs. This capacity not only enhances the ef-
ficiency of the design process but also contributes to the creation of buildings
that are both aesthetically compelling and structurally sound.
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The study also highlights the transformative shift in the role of the architect.
Rather than functioning merely as a final delineator of form, the architect
emerges as an orchestrator of latent generative logics that underpin both ge-
ometry and structure. This shift redefines the boundaries between tool, pro-
cess, and meaning-making, positioning the architect as a mediator who navi-
gates between creative expression and structural rationality. In this sense, the
architect becomes less of a passive illustrator and more of an active negotiator
of hidden logics that shape both form and performance.

In conclusion, the research demonstrates that integrating the descriptive, con-
structive, and stable components of geometric cognition within the conceptual
design process enables the extraction of spatial, scientific, and technological
structural information. This integrative framework not only enhances the peda-
gogical experience of architecture students but also contributes to the broader
advancement of architectural knowledge. By bridging the gap between geo-
metric imagination and structural analysis, the study offers a pathway toward
more holistic, innovative, and feasible architectural design practices.

Ultimately, the findings affirm that geometry, when understood as a living cogni-
tive language rather than a stable representational tool, possesses the capacity
to generate structural insight and to transform the way architects and students
engage with the design process. This recognition underscores the enduring rel-
evance of geometric cognition in an era of rapid technological change, and it
invites further exploration of how geometry and structure can be integrated in
both educational and professional contexts. The study thus not only enriches
the theoretical discourse on design cognition but also provides practical strate-
gies for cultivating a new generation of architects who are equally fluent in the
languages of form and structure.

Keywords: Geometric cognition, Structural information, Architectural concep-
tual design, Architecture—structure interaction, Action research
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