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Abstract—The most difficult objective for students in an architectural design
studio is to produce a design concept satisfyingly. This is due not just to the
difficulty of selecting an appropriate method of approaching concepts, but also
because of the many transformations associated with the concept’s evolution over
time. This research examines the modifications that occur throughout the concep-
tual phase of a design session. We hypothesize that while students’ conception
methods have been more abstract in creating a concept, they are subject to more
alterations during the early phase of design. The research conducts concept gen-
eration and transformations by monitoring a group of fourth-grade architecture
students through their design process. It also tries to link those transformations
to the various methods utilized by students to create their concepts. It appears
that the transformations that occurred throughout the design sessions were either
formal or functional-oriented. Observations clarify that those transformations are
linked to the sort of concept generating, which is either abstract or concrete. By
observing the design sessions, the research was able to confirm that the modifica-
tions implemented to the design concepts were tied to the nature of their selection
of methods of production. When compared to concrete nature concepts, abstract
nature concepts were more vulnerable to transformations throughout the concep-
tual phase on the scope of form and function.

Keywords—architecture design, concept generation, design methods,
concept transformation

1 Introduction

The design studio teaching technique is commonly utilized in a current architectural
design college education, in which lecturers use their experiences to aid students in
their learning [1]. Following the preparation of a brief that typically highlights the
major concerns related to the project, the traditional design session proceeds on to the
conceptual phase, which typically lasts three to five weeks [2]. The student is trying
to produce a concept during this phase through a range of learning approaches such as
classroom design modifications, reference materials, self-exploration, and peer assess-
ments. During this phase, students attempt to tackle the most critical challenges of the
assignment with a highly creative design idea [3].
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As Lawson noted [4], the conceptual phase appears to be a negotiation between the
design problem and the design solution, and it lasts until the student is satisfied with
the proposal. This means that until the timer runs out, the product will undergo several
modifications. These changes typically reduce as the students near the deadline of the
conceptual phase and are forced to reach a solution, with which the process of maturing
those concepts begins [5].

2 Literature review

2.1 A concept in architecture

The architectural literature includes various definitions of the term “concept”. They
encompass a wide range of meanings, beginning with the idea and ending with the proj-
ect proposal [6]. Taura and Nagai defined the concept as “perceptions that arise in the
mind and which are expressed by cognitive units of communication that were a symbol,
a term or a scheme” [7]. The mental representation that the brain employs to identify
a class of symbols that are inferred from physical information is also denoted as a
concept. Eilouti defined the concept as “the mental map that assigns meanings, links
components, enhances creativity, and guides the design process to produce a design
product” [5]. Sometimes, it is difficult to read the concepts through the design output
in architecture, this is due to the difficulty of capturing the concept by the recipient and
the difficulty of conveying the overall architectural message by the designer. Many
students and novice architects experience the difficulty of translating mental content
into epistemic units perceived by others, as a result of associating their design ideas
with conceptual content that is not easily translatable in the architectural setting [8].
This impedes the achievement process and necessitates a lot of modifications during
the design mission. The modifications that occur during the early stages of design are
heavily influenced by the sort of design mission and the available information pro-
cessed during the mission [9].

The concept modification occurs also throughout the ideation creative process and
results in what is commonly referred to as “conceptual shifts.” These shifts typically
occur when components on the diagrams presented that were once regarded as one
concept are viewed as another [8].

2.2 Concept and design

Unlike most other disciplines in the university system, the architectural curriculum
is structured around a single, favored, “core” subject: design. Design is a decision-mak-
ing process that yields approaches and methods for transforming resources into prob-
lem-solving solutions [10]. The architectural design process is regarded for its high
specificity in the field of achieving an equal fit between the proposed capabilities and
constraints [11].

The designer’s desire to produce innovative forms, configurations, and relationships
and he/she advances in his/her thinking successively between the initial state of the
design data and the final design objective or what it will be. In this mental movement,
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the designer tries to create a kind of dialogue that includes formation and reconfigu-
ration based on his assessment of the target’s state, then he moves freely to achieve
the desired goal between what is abstract such as spaces, functional relations, internal
and external circulation systems, and what is concrete as form, masses, and config-
urations [12]. The concept is often associated with the design process, which also has
a wide spectrum of definitions. Most design researchers used frameworks based on a
problem-solving process model to explain the rationale design process of that time.
Indeed, design can be seen as an example of a process of construction whose aim is to
solve ill-structured problems that lack clarity in terms of both the existing situation and
the desired outcome [3].

Design concepts developed in the early design phase are critical because they influ-
ence the rest of the design realization process and impact design success. During the
entire design session, this phase is commonly referred to as the conceptual phase [13].
It is a few weeks long and consists of two primary activities: the creation of a generic
design concept and the graphic depiction of the design concept in the form of con-
ceptual sketches and diagrams [14]. In recent years, as a result of the conditions that
architecture schools have suffered due to the (COVID 19) pandemic, which showed
the possibility of leading the design process remotely by instructors [32], the design
idea preparation stage remained a difficult stage as a result of the loss of the atmo-
sphere of enthusiasm associated with the architectural design studio and the absence
of discussions with classmates, which can be a strong supporter of design in its initial
stages [33].

Protocol analysis either retrospective or prospective has been widely used as a
method to analyze the activities and find meaningful patterns from verbal protocol data.
A design state relies on what has been produced by the series of episodes; whether
incremental (continuous evolution of the prevalent paradigm), transformational (bring-
ing new elements to the concept under development), or changeable (directing the
design concept to the new one). As Goel previously stated, the transformation of ideas
in the design process takes two types: vertical transformation develops the initial con-
cept by adding more details to it; lateral transformation changes the existing concept
to explore new ones, leading to a divergent style of thinking [15]. In an experiment
on groups of students, Al-Qemagqchi observed that the nature of the cognitive activity
associated with concept generation varied depending on the type of design task. The
more symbolic the design tasks, the more abstract the activities become (e.g., creating
assumptions and ideologies). Conversely, the more solid the design tasks were, the
more sensory the activities become, (e.g., utilitarian and pragmatic processing) [8].

2.3  Concept and sketches

Architects (designers), according to Lawson, find it impossible to think without a
pencil in their hand [16]. Designer ability is considered as designer fluency in sketch-
ing as a cognitive tool for the creation of the design [34]. These sketches are nor-
mally significant in achieving a good design. Although most designers are educated
to sketch, what is drawn on the sketch may not exactly reflect what is in their heads.
Sketches (visual or physical externalization, in a broader sense) provide key clues to
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understanding the designer’s ideas as well as the evolution of a design process [17].
As a result, it is evident that by integrating the trails of design activities and external
presentations, we can have a more informative approach to showing and understanding
the design process.

The sketching process is in the form of lateral and vertical concept transformation.
Lateral transformation indicates the exploration of slightly different concepts and wid-
ening the possibilities while vertical transformation entails producing sketches in deep-
ening and more detailed versions of the same concepts [13]. Many studies have looked
into the role of sketching in design and how might aid to improve concept generation
in design thinking [4, 18, 19, 20, 21, 31]. Sketching assists the designer in discover-
ing unintended outcomes, the surprises that keep the design investigation moving in
what Schon and Wiggins refer to as the reflective conversation with the problem’ that
is distinctive of design thinking [22]. The ‘dialectics of sketching’ is a conversation
between ‘seeing that’ and ‘seeing as,” where ‘seeing that’ is an introspective critique
and ‘seeing as’ is analogical reasoning and reinterpretation of the drawing that prompts
creativity [20]. Sketches enable the designer to perform not just vertical but also lateral
transformations inside the solution space: the creative shift to new possibilities through-
out the sequential development of a design concept. The uncertainty inherent in sketches
is a positive aspect of the sketch as a creative tool [15]. In their protocol analysis, Suwa
and Tversky discovered that there are four types of information incorporated in student
sketches. Each of these categories included several subclasses, which together comprise
the sketches produced by the student during the conceptual design phase [23]:

Emerging Properties: related to the generation of spaces, shapes, things, and angles.

Spatial Relations: deals with sizes, local relations of spaces, and global relations of
the general composition.

Functional Relations: concern the practical roles (e.g., adjacency), abstract features
reactions (e.g., forces) views, lights, and circulation of people/cars.

Background Knowledge: This accommodates the concept with the structure and site
setting.

2.4 Generation methods and transformation

At the cognitive level, it is widely accepted that the design process consists of a
sequence of design activities. They are described as imaging-presenting-testing [24],
analysis-synthesis-evaluation [16], or seeing-moving-seeing [22]. Goals and objectives
are generated through the analysis. Concepts are created through synthesized ideas and
notions. Both concepts and goals are evaluated, and they go through more evaluation
and synthesis. These actions are carried out iteratively rather than sequentially [35].
Thus, design is an iterative process where schemes are recognized, explored, revised,
and enhanced until a solution is identified. During the conceptual design phase, this
iterative or cyclic process is more visible. It is a time brimming with ideas, difficulties,
and innovation [23].

Broadbent attempts to build a design approach for architects and outlines four tech-
niques for developing design form, which he refers to as pragmatic, iconic, analogi-
cal, and canonic [25]. He identifies these approaches through a study of architectural
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history, in which they can be proved to have been applied in various eras. Conjectures
and refutations are two components that Broadbent uses to characterize the design pro-
cess. According to Broadbent, the designer goes through a series of conjectures (ideas)
and refutations (idea abandonment).

McGinty identified six components that form concepts in architectural design. Those
components were ideas, super organized ideas, notions, (parti & esquisse), themes, and
literal concern. He proposed that by using one or more of those components, the archi-
tect can approach the concept by one of the following approaches [26].

Analogy; in the area of architecture, is one of the most prevalent forms of con-
cept-generating techniques. Ideas for this sort of concept come from a variety of
sources. It refers to the process of simulating design concepts with external references.

Metaphors & Similes,; emerge from the modelling of relationships between objects
and differ from the first in that the link is unclear, allowing for interpretation and a
variety of interpretations.

Essences; Rather than dealing with similarities, this technique conducts concepts via
the ideologies used for generations.

Direct Responses & Problem Solving; Refers to the pragmatic concerns that pre-
dominate the architect when carrying out the concept.

Ideals, This sort of concept is focused on the designers’ unique ideas and attempting
to accomplish them on their own.

Eilouti identified eight methods of concept derivation during the design process.
These methods are wider than what Broadbent suggested. A concept may be derived
using one or more of the following eight methods [5].

Theme: launched by selecting a topic derived from the culture.

Analogy: depending on the similarity with an object.

Metaphor: focusing on meanings, and emotions, more than similarity.

Experience: emphasizing the experience that potential user expects or desires to live.
Symbolism: depending on a reference, it uses the language of memory.

Context: depending on the direct or indirect context.

Scheme: based on geometry, materials, or technology

Scenario: referred to as a “what-if” simulation method.

After developing a general design concept, the designer visually depicts it in the
form of a conceptual diagram, sketch, physical model, or even a digital 3D model, to
find precedents for the design concept and consider how certain features of the prece-
dents might be applied to the present design challenge. The designer makes variants on
the design concept to examine how a basic design concept may be realized in several
but related spatial schemes. Manipulation of conceptual diagram(s) variants occurs to
encourage conceptual shift and produce breakthroughs in the design process [14].

Concept development is characterized by a cyclical process involving loops of anal-
ysis and synthesis. In different phases of the design development process, the loops
can elicit different levels of representations [27]. In the early phase, for example, the
designers create hazy concepts that are not written down but evaluated to see if they
will serve their intended purposes. Later in the development process, an existing design
representation, (e.g., a 3D-CAD model), is revised, and the designer determines if the
current model meets the desired criteria and whether the output has to be improved [28].
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In his study on a sample of students, Al-Qemaqchi [29], finds that: according to the
inadequacy of the experience, inefficient use of knowledge, and missed conception,
those modifications last for a long period before getting a proper product that satisfied
both the student and the teacher. The transformation of the design concept occurs as a
result of the combined tutor assessment, peer assessment, discovery, and satisfaction
appeal to the final product. The sequence of manipulating lasts for all design sessions.
Due to the shortage of time, the student may be pushed to continue with his concept
even if he/she is dissatisfied with the outcome, which is primarily related to the design
fixation he had while executing the design task. The process of developing the concept
that the student proposes is also related to making a variety of reformations to the design
output to meet his/her goal to produce an innovative solution, so these modifications
happen naturally as a result of the design concept improvement and development [30].

3 Method

3.1 Research objectives and methodology

This paper seeks to conduct the type and the way that concept transformation occurs
during the conceptual design phase. The research aims to answer the following ques-
tions: Is there a link between students’ ideation strategies and the concept transforma-
tion that occurs throughout the conceptual phase of the design task?

Through the monitoring of (44) fourth-year student samples that participated at the
design studio the paper tried to address these transformations. This monitoring was
applied in two Iraqi universities, Cihan University and Tishk International University
during the academic years 2020, 2021, and 2022.

In the design studios in which the monitoring process took place, there were at least
three instructors from an architectural background, holding a master’s degree and a
doctorate in architectural design, and with an experience of not less than (10) years in
teaching architectural design, to lead the lesson. The research and its requirements were
fully explained to them before starting the process.

During the observation period, (28) results were selected that fulfilled all require-
ments, and the rest were excluded due to incomplete information. To ensure that the
research questions are answered, the students were given a design assignment consist-
ing of a single type of project (a general hospital with 100 beds, an assignment last
for a whole semester design session). The research methodology is composed of three
phases following the sequence of the design task as follows:

Phase one: Instructors quickly addressed the task and guided students to the key
aims of the design challenge, outlining the main spaces need and providing adequate
time for them to examine the site and analyze the program requirements. Through site
analysis, students became familiar with the social, physical, functional, and natural fea-
tures of the site. Through program analysis, students were able to identify the important
activities and functions within the building.

Phase two: In six design sessions, the students were required to produce a design
concept. The initial concepts students formulated were discussed with studio teachers,
both individually and in groups. Each session was allotted adequate time for class-
room design changes, reference materials, self-exploration, and peer assessments.
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During their performances, the students’ work was monitored to document their con-
cept generations and transformations by the instructors. The phase lasted until concepts
were crystalized and it was time to start refining them.

Phase three: A protocol analysis was carried out, and the students’ design concepts
were categorized according to the methods employed to generate them using the pre-
vious Eilouti taxonomy. The transformations were addressed based on their emerging
features, spatial relations, functional relations, and background knowledge. The paper
used the judging of three architectural design instructors who led the design task to
judge each of the categories of concepts presented by students during the preparation
phase, as well as the nature of the transformations taking place on those concepts.

3.2 Concept generation

Students were urged to study as much as they could about the relevant disciplines,
such as recognized building types, structures, and the human body, to abstract ideas for
use in their design output. Protocol analysis was conducted through all sessions and
depended on what the student reached in his/her sketch and present orally.

While reviewing students’ design concepts, it became clear that the majority of stu-
dents had frequently utilized analogies to create a sequence of concepts. Most students’
domain analogies, were restricted to the architectural domain. Few students developed
analogical linkages with faraway domains, (e.g., biology or organisms).

Few students attempted to alter the analogy method to metaphor, while the expanded
meanings utilized ranged from health issues like caring and healing to more abstract
concepts like sustainability and amenity systems. Thematic methods were more uncom-
mon, and they were seen with only four students and connected to cultural and mythical
storytelling. As for schematic concepts, they were a geometrical concern and depended
on masses forming, circulation system, and functional issues. Few students were adopt-
ing digitalization into creating more advance and futuristic forms (e.g., using computer
programs to generate alternatives).

The Symbolism approach was also reached by several students and the references
that have been used mostly concerned the city landmarks and places. Some students
were more intact with the socio-cultural symbols such as icons. Some of these symbolic
representations were primarily concerned with enhancing and recalling specific events
or memory traces. The most experienced approaches were conducted by applying spa-
tial configuration and space arrangements of the design to produce a certain typology
that helps to approach the problem-solving.

Three students’ design concepts were connected to the spatial experiences of the
occupants. One advocated for the building to encourage unexpected experiences for its
users, while the other focused on natural lighting. The third student tried to enhance the
affinity between the building and the users.

Most students tried to accommodate their concepts within a contextual approach
(e.g., site surroundings), while some students approached more abstract contexts such
as religions, customs, conventions, and traditions. The students tried to adopt a scenario
by enhancing a related use between inside and outside, (e.g., the indoor components
and the landscape features). This led to a conservation between the solid requirements
and the inventive soft ones. It was noticed that the students were able to employ more
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than one method to generate concepts during the design sessions (Figure 1). The break-
down of the above methods used by students in their concept generation and their com-
binations is shown in (Table 1).

According to the jury’s classifying, students were subdivided into two categories
during their concept generation-development process: those who were more concerned
with solid thinking and those who were more concerned with abstract thinking. The
first group is more concerned with concepts based on formal aspects (e.g., deriving a
shape to produce a concept), whereas the second is more concerned with functional
aspects (e.g., the relationship between spaces or the pragmatic look at the problem).
Those two orientations could be alternated during the design, but they eventually dom-
inated designer behaviour and during the design.

Table 1. The concept identification during all the design sessions (Researcher)

Student Concept Generation Method Categories
ID.  |Theme|Analogy | Metaphor | Experience |Symbolism| Context|Scheme |Scenario
1 ° ° Abstract
2 ° ° ° ° Abstract
3 ° Abstract
4 ° ° Abstract
5 ° . ° Concrete
6 ° ° Abstract
7 ° ° Concrete
8 ° ° ° Concrete
9 ° ° ° Concrete
10 ° Concrete
11 ° ° Concrete
12 ° ° Abstract
13 ° ° Abstract
14 ° ° Abstract
15 ° Abstract
16 ° . Abstract
17 ° ° ° Abstract
18 ° Abstract
19 ° ° ° Concrete
20 ° ° ° Concrete
21 ° Concrete
22 ° ° ° Concrete
23 ° ° ° Concrete
24 ° ° Concrete
25 ° Concrete
26 ° Concrete
27 ° ° Abstract
28 ° Abstract
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Fig. 1. A conceptual design phase breakdown of a student (ID: 16) and the concept
transformations during the six design sessions (Researcher)
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3.3  Concept transformations

The students are guided to propose their concepts based on their existing knowledge
and then develop learning motivation by solving their cognitive conflicts between exist-
ing and new concepts. That led to continuous transformations into the conceptual phase,
and those transformations were enhanced during studio work. The transformation was
identified through the monitoring of the design sessions and checking out the student’s
verbal and diagrammatic outcomes which have been judged by the instructors (Table 2).

Table 2. Concept transformations during the design sessions

Concept Transformation
Stlll](:?])ellt Session 1 Session 2 Session 3 Session 4 Session 5 Session 6 | Category
' Form |Func.|Form |Func.|Form|Func.|Form |Func.|Form|Func.|Form |Func.
1 2 0 3 1 3 1 2 1 1 4 0 3 Abstract
2 4 1 4 0 3 0 3 1 1 3 1 3 Abstract
3 0 3 0 3 2 3 1 3 2 2 3 1 Abstract
4 1 1 5 2 5 2 4 2 4 1 3 2 Abstract
5 2 0 2 0 3 1 3 1 4 2 4 3 Concrete
6 2 1 2 1 3 1 3 2 3 0 3 3 Abstract
7 3 1 3 1 3 1 3 2 1 3 1 3 Concrete
8 4 0 3 0 3 0 4 1 2 2 0 3 Concrete
9 4 0 4 0 4 1 2 1 2 1 3 2 Concrete
10 2 1 3 1 3 1 2 1 1 4 0 3 Concrete
11 2 0 2 0 3 1 3 1 4 2 4 3 Concrete
12 2 0 2 1 3 1 3 1 4 2 4 3 Abstract
13 1 3 0 3 2 3 1 3 2 4 3 2 Abstract
14 1 3 0 3 2 3 3 3 2 4 3 2 Abstract
15 0 3 0 3 1 3 3 3 2 4 2 2 Abstract
16 2 1 2 1 2 1 3 2 3 0 3 3 Abstract
17 2 1 2 1 3 2 3 2 3 1 3 3 Abstract
18 4 1 4 1 4 2 2 1 2 1 3 2 Abstract
19 5 1 2 1 4 1 3 2 2 1 3 4 Concrete
20 2 0 2 0 3 1 3 1 4 2 4 3 Concrete
21 3 1 3 1 3 1 3 2 1 3 1 3 Concrete
22 3 1 3 1 3 1 3 2 2 3 1 3 Concrete
23 4 1 4 0 3 0 3 1 1 3 1 3 Concrete
24 4 0 4 0 4 1 2 1 2 1 3 2 Concrete
25 5 1 2 1 4 1 3 2 2 1 3 4 Concrete
26 5 2 2 1 4 1 3 2 2 1 3 4 Concrete
27 1 3 0 2 3 1 3 2 4 3 2 Abstract
28 3 1 3 2 3 1 3 2 1 3 1 3 Abstract
Sum 73 31 66 31 85 38 75 49 62 62 66 77
Average| 2.61 | 1.11 | 2.36 | 1.14 | 2.71 | 1.36 | 2.68 | 1.75 | 2.21 | 2.21 | 2.36 | 2.75
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We have checked four types of transformations as Suwa, & Tversky, previously
mentioned. It appears that the transformations that occurred throughout the design pro-
cess were either formal or functional-oriented transformations (Figure 2).

We’ve also observed that these transformations that occur during design sessions are
linked to a specific sort of concept-generating trend, which is either abstract or concrete
(Figures 3 and 4).

3.00

0.00
session 1 session 2 session 3 session 4 session 5 session 6

s Functional e Formal

Fig. 2. The average no. of formal and functional transformations during
the design sessions (Researcher)

Abstract

0.00 0.50 1.00 1.50 2.00 2.50 3.00

| M Functional M Formal |

Fig. 3. Transformations occur according to abstract-oriented concepts
created during design sessions (Researcher)
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Session 3

Session 2
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Session 1
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| M Functional M Formal |

Fig. 4. Transformations occur according to concrete-oriented concepts
created during design sessions (Researcher)

4 Discussion & conclusion

From the foregoing, it is clear that changes made during the conceptual stage of the
architectural design process have nothing to do with the methodology adopted by the
students to create those design concepts. The transformations are related to design and
are carried out by the student in the design studio as part of design procedures.

It’s important to note that these transformations follow two distinct patterns: one is
concerned with the formal features of the design product, while the other is functional
and pragmatic, and both sorts of transformations alternate over the design preparation
stage. The functional transformations, on the other hand, are continuous and increase
over time, but the formal transformations are typically continuous and unstable while
the design phase is being completed. Perhaps this is due to the student’s cognitive per-
formance improving over time, allowing him/her to have a better understanding of the
design validity and attempt to improve its performance value.

The research exposed the transformations that occur during the design sessions are
more obvious and severe the more concepts were chosen by students’ trend toward
abstraction, (e.g., metaphor and symbolic). When the concepts are more solid, and
concrete in nature (e.g., contextual), the transformations tend to be smaller. That sup-
ports the research hypothesis and provides a better understanding of the nature of the
transformations that occur throughout the conceptual phase of the architectural design
process.

It is useful to mention that the results of this research can support the process of ped-
agogical practices in architectural schools that follow the design studio model. Instruc-
tors can direct the students, implicitly or explicitly, during the assessment session, to
the best procedure that can be adopted to accomplish the design task according to the
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nature of the design problem and the building typology. Moreover, it can guide the
instructor during the conceptual design phase to predict the amount and direction of the
concept transformation that could be take place during that phase.

5 Limitations and future research

Like any other empirical study, this research has its limitations. First, the study pri-
marily employed quantitative data. Future research can be carried out by conducting
additional analysis with qualitative data gathering techniques. The study may be carried
out with students from different universities and with a larger number of participants.
Second, just one design experiment model was employed, which may have resulted in
restricted findings throughout the design session; future studies may use a variety of
design tasks to highlight the influence of changing building typology on concept cre-
ation and transformation.
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