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This study examines the effects of artificial intelligence-aided design processes (AIADP)
on cognitive load, creativity, and metacognitive awareness. Within the scope of the study,
a one-day face-to-face workshop was organised with twenty-eight architects, including
architecture students studying at undergraduate and graduate levels, and the data based
on the participants' experiences were analysed using qualitative research methods. The
results of the sentiment-based content analysis show that integrating Al tools into the
design process reduces cognitive load, supports creative thinking processes, facilitates
rapid prototyping and feedback mechanisms, and increases metacognitive awareness. The
findings reveal that Al-aided design tools can potentially improve designers' cognitive
and creative capacities. The study addresses the effects of AIADP in educational and
professional contexts from a local perspective, providing a new perspective on the
literature on the integration of Al into design processes.
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INTRODUCTION

This study examines in depth the effects of AIADP on
designers' cognitive functioning. In particular, it
focuses on the key components of design processes
such as cognitive load, creativity, and metacognitive
awareness.

In the increasingly complex contemporary
world, the design process is not limited to aesthetics
and functionality alone but also plays a critical role in
developing innovative solutions. This process
exhibits a dynamic structure in which creativity and
metacognitive awareness are used together, as well
as problem-solving skills. Designers’ effective
management of their cognitive resources,
development of their creative problem-solving
capacities, and organization of their thinking
processes  directly affect both individual

performances and the learning processes in design
education (Amabile, 1983; Sweller, 1988).

Cognitive Load Theory, developed by Sweller
(1988), suggests that individuals have limited
information processing capacities and therefore
learning environments should be designed to use
cognitive resources efficiently. Since design
processes involve problem-solving and creative
thinking processes that require intense cognitive
effort, cognitive load management is directly related
to design efficiency (Chandler and Sweller, 1991;
Paas, Van Merriénboer and Adam, 1994). Creativity is
one of the fundamental elements of the design
process and plays a decisive role in individual and
collective problem-solving processes (Amabile,
1983; Csikszentmihalyi, 1997). Metacognitive
awareness is the ability of individuals to monitor,
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organize and control their own thinking processes,
which allows designers to conduct decision-making
and problem-solving processes more consciously
and strategically (Flavell, 1979).

Recent studies have shown that AIADP have
significant effects on the human cognitive system
(Gero, 2002; McCormack et al., 2020). The integration
of Al technologies into design processes allows
designers to use their cognitive capacities more
effectively, manage creative processes efficiently,
and gain awareness of their cognitive functioning
(Boden, 1998). It is observed that these systems
reduce cognitive load and enable designers to focus
more on creative problem solving (Zhang et al.,
2024).

However, the limited number of local and
original studies in this field increases the importance
of the research in question. In this context, the study
aims to develop strategic suggestions for design
education and learning processes by considering the
potential of Al-aided design tools from a local
perspective. It is aimed that the findings will
contribute to designers' ability to manage their
cognitive and creative processes more effectively.

In this context, the study examines the effects of
AIADP  on cognitive load, creativity and
metacognitive awareness; It aims to reveal the
effects of incorporating Al tools into the architectural
design process on the cognitive processes and
creative performances of the participants.

COGNITIVE LOAD, CREATIVITY AND
METACOGNITIVE AWARENESS IN AIADP
The design process is a dynamic structure where
complex problem-solving, creativity and
metacognitive awareness coexist. How designers
manage their cognitive capacities, develop creative
problem-solving skills and organize their thinking
processes directly affects both their performance
and the learning processes in design education. In
this process, cognitive load, creativity and
metacognitive awareness are the basic components
that determine success.
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Cognitive Load Theory argues that individuals
have limited information processing capacities and
that cognitive resources should be managed
effectively in learning processes (Sweller, 1988).
Since the design process requires a high level of
cognitive effort, cognitive load management directly
affects the efficiency of the process (Chandler and
Sweller, 1991; Paas, Van Merriénboer and Adam,
1994). Cognitive load consists of three components:
extraneous load (information presentation), intrinsic
load (problem difficulties) and germane load
(supporting learning) (Paas, Van Merriénboer and
Adam, 1994). In particular, reducing extraneous load
allows greater focus on creative thinking (Lawson,
2006; Cross, 2007).

Creativity is central to the design process and
plays a critical role in the problem-solving stages.
Amabile (1983) defines creativity as the combination
of motivation, knowledge, and creative thinking
skills. Csikszentmihalyi (1997) explains the creative
process through the interaction between the
individual, the discipline, and the field. Finke, Ward,
and Smith's (1992) Creative Problem Solving (CPS)
Model emphasizes the importance of balanced use
of divergent and convergent thinking styles. This
approach enables the creative process to function
more efficiently.

Metacognition is the ability of individuals to
monitor, organize, and control their own thinking
processes (Flavell, 1979). Metacognitive awareness
increases the effectiveness of the design process by
improving designers' conscious decision-making
competencies (Ball and Christensen, 2019). Yazici
and Dogan (2024) reveal that metacognitive
interventions improve students' conscious decision-
making skills.

In this context, the relationship between AIADP
and these three basic components is remarkable. Al
increases the efficiency of the process by managing
problem solving, decision making and creativity
more effectively in traditional design processes
(Gero, 2002; McCormack et al., 2020). Al tools reduce
cognitive load, support creative thinking processes
and strengthen designers' metacognitive awareness



(Adeleye, 2024; Chandrasekera, Hosseini and Perera,
2024). These contributions allow designers to use
their cognitive capacities in a more strategic and
focused way (Boden, 1998).

Recent studies show that Al reduces the
cognitive load of designers and makes creative
processes more efficient (Pei, Wang and Xue, 2024;
Wadinambiarachchi et al., 2024). Generative design
tools, in particular, eliminate unnecessary cognitive
loads and allow designers to focus on creative
thinking and problem-solving (Zhang et al., 2024). In
addition, these tools contribute to the more
conscious and strategic use of cognitive resources
(Chandrasekera, Hosseini and Perera, 2024).

Al tools accelerate creative problem-solving
processes and improve designers’ divergent and
convergent thinking skills. Finke, Ward, and Smith’s
(1992) CPS model emphasizes the importance of the
idea generation and problem definition stages of the
creative process. Al-aided tools provide designers
with various alternatives at these stages, enabling
them to develop solutions from a broader
perspective (Chandrasekera, Hosseini and Perera,
2024).

Furthermore, Al tools enable designers to
consciously analyse their thinking processes,
improving their strategic decision-making skills
(Marocco, Talamo and Quintiliani, 2024). It allows
designers to evaluate their own processes and
restructure their decisions based on these
evaluations (Steyvers and Kumar, 2024).

In short, AIADP play important roles in key areas
such as cognitive load management, creative
problem solving, and metacognitive awareness.
Balancing cognitive load, accelerating creative
processes, and strategically managing thinking
processes indicate that Al is increasingly taking a
central position in design education and
professional practices.

METHODOLOGY

This study is a qualitative study examining the
effects of AIADP on cognitive load, creativity and
metacognitive awareness. Its main purpose is to

understand the effects of the integration of Al-based
tools into architectural design processes on the
cognitive functioning and creative performance of
the participants. A one-day face-to-face workshop
was organized, and at the end of the workshop, the
participants answered an online survey consisting of
8 open-ended questions. The qualitative data
obtained were evaluated with the content analysis
method, and the emotional experiences of the
participants were analysed.

Ethical principles were meticulously observed
during the research process, informed consent was
obtained from the participants, and attention was
paid to the privacy of the participants. The data were
anonymized, and the purpose of the research was
transparently conveyed to the participants (Orb,
Eisenhauer and Wynaden, 2001). Confidentiality of
data and voluntary participation principles are
among the basic principles of the research.

Participants

A total of 28 architecture undergraduate and
graduate students participated in this study. They
participated in the process by applying through the
platforms where the workshop program was
announced. There was no pre-selection during the
application process, and all applications were
accepted. This method enabled the generalization of
the research findings to a broader context by
including participants with different academic and
demographic backgrounds (Patton, Sawicki and
Clark, 2015). The age range of the participants
ranged from 22 to 43, and the gender distribution
was balanced. In addition, their past experiences
with artificial intelligence varied. This diversity
ensured that the participants' knowledge levels and
experiences were reflected in the research findings
and contributed to the evaluation of the data within
a more comprehensive framework.

Procedure: Workshop Program

The workshop aimed to develop the participants'
skills in creating architectural concepts with Al-aided
tools and integrating these concepts into form
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development processes. The program focused on
sessions that encouraged creative thinking
processes, critical evaluation exercises, and effective
use of technology-based tools.

Participants experienced the stages of
generating  text-based ideas  (text-to-text),
visualizing abstract concepts (text-to-image), and
developing existing forms (image-to-image) with Al
tools such as Al Concept Generator and Adobe
Firefly, and developed skills such as creative
thinking, visual expression, and spatial perception.

In the first stage, participants experienced text-
based idea generation processes using Al Concept
Generator and learned that the design process is
about building an intellectual and conceptual
structure beyond the visual (Figure 1). In the second
stage, the integration of Al tools into design
processes was explored by visualizing abstract ideas
with Adobe Firefly (Figure 1). In the last stage,
participants had the opportunity to critically review
and improve their designs and develop different
solution proposals by receiving feedback (Figure 1).
Each stage of the workshop was documented
through participant logs, screenshots, and final
visual artefacts, which served as complementary
data sources.

Data Collection Tool

In this study, an online form consisting of eight
open-ended questions directed to the participants
at the end of the workshop process was used as a
data collection tool. The form aims to evaluate the
effects of AIADP on cognitive load, creativity and
metacognitive awareness. The questions are
grouped around four main themes, and each theme
contains two questions (Table 1). The development
of the questions was informed by existing literature
on cognitive load theory, creative cognition, and
metacognitive regulation in design learning,
ensuring theoretical alignment with the study
objectives.

e Cognitive Load Reduction: Questions examining
how Al tools reduce cognitive load in design
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processes, affect design decisions, and change
mental effort requirements.

e Creativity: Questions to understand how Al tools
contribute to participants’ creative processes,
their capacity to generate ideas and produce
innovative solutions.

e Rapid Prototyping and Feedback: Questions
analysing the contribution of Al-based
prototyping and feedback mechanisms to
design processes.

e Development of Metacognitive Processes:
Questions investigating the impact of Al tools on
planning, monitoring, and evaluating design

processes.
Question Theme
While using Al tools, can you briefly explain which
tasks in your design process became easier and -r'g -
1| how these tools helped reduce your mental -8
B
workload? e
=T
Do you think Al tools have alleviated repetitive or 52
complex tasks in your design process, enabling S
2 you to save time and energy?
In what ways do you think Al tools have
contributed to your creative process? Have they
3 | provided new sources of inspiration or introduced -
different perspectives? s
How have the design suggestions generated by Al &
influenced your creative thinking? Can you briefly v
4 | explain how these tools have supported you in
developing innovative solutions?
How do you think using Al tools for rapid .
prototyping and instant feedback has impacted S o
5 your design process and outcomes? - 28
555
>
How would you describe the influence of rapid e § ﬁ
prototyping and feedback processes on your o
6 designs compared to traditional methods? =
Have you experienced instances where Al tools
enhanced your ability to plan, monitor, evaluate, ‘s v
7| and control your design process? g =)
257
Can you explain how Al tools have improved your ) § §
ability to plan, monitor, evaluate, and control your % -y
g | thought processes? Have these tools helped you a=
make more strategic decisions?

Data Analysis

The data collected within the scope of the study was
evaluated by a sentiment analysis method using
MaxQDA software. Sentiment analysis is an effective

Table 1
Questions and
Themes



method for understanding the emotional reactions
of the participants towards AIADP and allows the
responses to be analysed systematically. This
method enabled the in-depth evaluation of the data
by providing a structured examination of the
participants’ expressions. The sentiment analysis
was conducted using MaxQDA's built-in lexical
sentiment tool, which classified participant
expressions based on polarity.

During the data analysis process, participants'
responses were classified into five emotional tone
categories: positive, somewhat positive, neutral,
somewhat negative, and negative. The analysis
process consisted of the following stages:

e Question-Based Analysis: Each response was
categorized by emotional tone, and individual
experiences were examined in detail.

e Thematic Grouping: Responses were grouped
under four main themes: Cognitive Load
Reduction, Creativity, Rapid Prototyping and
Feedback, and Development of Metacognitive
Processes.

Each theme was discussed in detail, and the

participants' general perceptions and experiences of

AIADP were evaluated along with their emotional

tones.

RESULTS

The data obtained in this study was examined by a
sentiment analysis method using MaxQDA software
to analyse the emotional reactions of the
participants towards the AIADP. The responses given
by the participants were classified according to
positive, somewhat positive, neutral, somewhat
negative and negative emotional tones. This analysis
aims to understand the effects of Al tools on the
design processes in detail.

Considering all questions (Q1-Q8) and themes,
the distribution of participant responses according
to the analysis results is summarized in Table 2.
When the general distribution is examined, it is seen
that 33.93% are positive, 27.68% are somewhat
positive, 14.29% are neutral, 16.96% are somewhat

negative, and 12.14% are negative (Table 2). These
data show that positive and somewhat positive
reactions are predominant in the participants'
approach to AIADP.

When Table 2 is examined, it is seen that the
emotional tones for each question are distributed at
different rates. These distributions show that the
emotional response to Al tools is not uniform; some
questions are more neutral, while positive or
negative tendencies are prominent in others.

The analysis results were also evaluated from a
thematic perspective (Table 3). The responses
collected under the theme of “Cognitive Load
Reduction” were 44.6% positive, 21.4% somewhat
positive, 19.6% neutral, 8.9% somewhat negative,
and 5.3% negative. This data shows that the vast
majority of participants think that Al tools reduce
cognitive load by reducing repetitive or time-
consuming tasks. Neutral participants stated that the
impact of the tools was limited to certain situations,
while those who expressed somewhat negative or
negative opinions emphasized that the tools did not
meet expectations in some cases. In general, it can
be concluded that Al tools allow users to focus on
more creative or strategic tasks.

In the responses examined under the theme of
“Creativity”, a distribution of 33.9% positive, 17.9%
somewhat positive, 14.2% neutral, 12.5% somewhat
negative, and 12.5% negative was observed. A
significant number of participants stated that Al
triggered different ideas and brought innovative
perspectives to design processes. Those who
responded somewhat negatively or negatively
stated that the suggestions offered by Al sometimes
deviated from originality or were limited by what
was expected. This shows that the contribution of Al
in the creativity process can vary according to
personal experience and expectations.
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Positive Somewhat Positive Neutral Somewhat Negative
Negative
% Y% % % %
Q1 3571 21,43 21,43 14,29 7,14
Q2 53,57 21,43 17,86 3,57 3,57
Q3 50,00 17,86 10,71 17,86 3,57
Q4 17,86 17,86 17,86 25,00 21,43
Q5 46,43 21,43 3,57 25,00 3,57
Q6 14,29 64,29 0,00 21,43 0,00
Q7 28,57 17,86 25,00 14,29 14,29
Q8 25,00 39,29 17,86 14,29 3,57
Total 33,93 27,68 14,29 16,96 7,14
Positive Somewhat Positive Neutral Somewhat Negative
Negative
Response Response Response Response Response
Q1 10 6 6 4 2
Q2 15 6 5 1 1
Q3 14 5 3 5 1
Q4 5 5 5 7 1
Q5 13 6 1 7 1
Q6 4 18 0 6 0
Q7 8 5 7 4 4
Q8 7 1 5 4 1
Total 76 62 32 38 16
Somewhat Somewhat
Positive Positive Neutral Negative Negative
% R % R % R % R % R
Cognitive Load Reduction 44,6 25 214 12 19,6 11 89 5 53 3
Creativity 339 19 17,8 10 14,2 8 214 12 12,5 7
Prototyping Feedback 30,3 17 42,8 24 1,7 1 23,2 13 1,7 1
Metacognitive Awareness 26,7 15 28,5 16 214 12 14,2 8 89 5
In the responses under the theme of “Rapid negatively. Positive and somewhat positive
Prototyping and Feedback”, there is a distribution of: ~ responses indicate that Al tools support

30.4% positive, 42.8% somewhat positive, 14.3%
neutral, 3.7% somewhat negative, 3.7% negative.
These rates show that most of the participants think
that Al tools accelerate prototyping processes and
increase design quality with instant feedback. The
high rate of somewhat positive responses in
particular reveals that most of the participants think
that Al tools are useful in the prototyping and
revision stages, but that this benefit depends on
certain conditions.

The findings regarding  “Metacognitive
Awareness” and the development of these processes
are also noteworthy. Accordingly, 26.7% responded
positively, 28.5% somewhat positively, 21.4%
neutrally, 14.3% somewhat negatively, and 8.9%

480 | eCAADe 43 - Volume 2 - Confluence

metacognitive skills such as planning, monitoring,
and controlling. Somewhat negative or negative
responses indicate that the impact of these tools on
metacognitive processes is found to be insufficient
by some participants.

The analysis results show that AIADP have a
generally positive and somewhat positive impact on
participants. However, neutral, somewhat negative
and negative response rates are also noteworthy.
This suggests that the perception of Al tools is
diverse, and participants' experiences may differ.

Table 2
Analysis Results

Table 3
Analysis Results
According to
Themes



Figure 1

Examples of
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DISCUSSION

The findings of this study show that AIADP offer
significant contributions in terms of reducing
cognitive load, encouraging creativity, optimizing
rapid prototyping and feedback processes, and
increasing metacognitive awareness.

Participant responses regarding the reduction of
cognitive load were evaluated as 44.6% positive,
21.4% somewhat positive, 19.6% neutral, 8.9%
somewhat negative, and 5.3% negative. These
findings show that Al tools significantly reduce
cognitive load by taking on repetitive or procedural
tasks in the design process. Cognitive Load Theory
(CLT), developed by Chandler and Sweller (1991) and
Paas and Van Merriénboer (1994), draws attention to
the importance of effective management of
cognitive resources in learning and problem-solving
processes. In this context, it can be claimed that Al

supports designers in reducing unnecessary
cognitive load, defined as “extraneous load”
(Chandler and Sweller, 1991). However, 19.6%

neutral, 8.9% somewhat negative, and 5.3% negative
responses indicate that Al does not offer the same
level of benefit in all cases. Especially in unique or
complex design problems, some participants found
the contribution of Al insufficient. This situation
shows that, as Zhang et al. (2024) stated, Al tools may
create additional cognitive load or fail to meet
expectations in some cases. Therefore, to use these
tools effectively, both the nature of the tasks and the
user experience should be considered.

In the study, 33.9% of the participant responses
collected under the theme of creativity were
evaluated as positive, 17.9% as somewhat positive,
14.2% as neutral, 12.5% as somewhat negative, and
12.5% as negative. This distribution indicates the
existence of a significant group of participants who
see the contribution of Al to creative processes
positively. Amabile (1983) and Csikszentmihalyi
(1997) emphasize that creativity emerges through
the interaction of individual, environmental, and
cognitive factors. The findings show that Al can be
particularly  supportive in diversifying idea
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generation and accelerating the problem-solving
process. However, approximately 25% of the
somewhat negative and negative responses reveal
that some participants think that Al outputs are far
from originality or are limited. This supports Boden's
(1998) view that the relationship between Al and
creativity is directly linked to user experiences. Users’
approaches to adopting and integrating ideas from
Al may differ; this relativizes the creative
contribution of Al.

When the theme of rapid prototyping and
feedback is examined, 30.4% of the participants
expressed positive, 42.8% somewhat positive, 14.3%
neutral, 3.7% somewhat negative, and 3.7% negative
opinions. This distribution shows that most
participants believe that Al accelerates the
prototyping process and increases design quality by
providing instant feedback (McCormack et al., 2020).
On the other hand, the limited number of somewhat
negative and negative responses reveals that some
users find this feedback insufficient. Therefore, it is
important to develop the feedback mechanisms of
Al with user-centred approaches and to encourage

designers to use these tools critically and
consciously.
Within the scope of the metacognitive

awareness theme, 26.7% of the participants
expressed positive, 28.5% somewhat positive, 21.4%
neutral, 14.3% somewhat negative, and
approximately 9% negative opinions. This
distribution indicates the potential of Al to support
metacognitive skills such as planning, monitoring,
and control. Yazici and Dogan (2024) and Ball and
Christensen (2019) emphasize the critical role of
metacognitive awareness in the design process. The
findings show that Al supports this reflective process
for some users, but its contribution is not felt at the
same level by every individual. Some participants
found the tool limiting, stating that Al did not
sufficiently support their unique ways of thinking. In
addition, according to the UTAUT model developed
by Venkatesh et al. (2003), the adoption of Al tools is
related to factors such as performance expectation,
social influence, and ease of use. These factors can



also directly shape the impact on metacognitive
awareness.

CONCLUSION

This study has revealed that AIADP create
multidimensional effects on designers. The
findings show that Al reduces cognitive load by
taking on repetitive tasks, encourages the
development of innovative ideas, facilitates rapid
prototyping and feedback processes, and
supports metacognitive awareness in certain
aspects. Most participants stated that Al makes
design more efficient by reducing cognitive load
and provides advantages. In terms of creativity, Al
was evaluated as a tool that triggers new ideas;
however, some participants stated that this
contribution was limited and reduced creativity to
patterns. These differences depend on factors
such as context, user profile, and the capacity of
the tool. Although rapid prototyping and
feedback opportunities were generally welcomed
positively, it was observed that these
contributions may vary depending on the usage
scenario. In the context of metacognitive
awareness, it was observed that Al supports
planning, monitoring, and control processes;
however, this support varies according to
personal needs and interaction styles.

These findings should be evaluated within the
framework of the limitations of the study. The
study was limited to the discipline of architecture,
and the number of participants was low. In
addition, the variety of Al tools used and the
familiarity of the participants with these tools
caused differences in the results. Although this
situation limits the generalizability of the findings,
it reveals the need for more comprehensive and
interdisciplinary research. In future studies, the
effects of Al should be systematically examined
with larger groups of participants from different
disciplines and in various design tasks. In
particular, the quality of the feedback provided by
Al and the effect of this feedback on the
designer's reflective thinking process should be

investigated in detail. In addition, the effect of
users' attitudes towards technology on their
interactions with Al and their metacognitive
awareness levels should be examined. In this
direction, studies based on technology
acceptance models can strengthen user-centred
design approaches. In education and professional
practices, strategies are needed to support the
integration of Al tools into design processes. The
ethical, legal and social dimensions of this
integration should also be considered; thus, the
sustainable and responsible use of Al can be
ensured.

As aresult, this study reveals the contributions
and limitations of AIADP in a data-based manner
and provides important insights into how Al can
be used more effectively, meaningfully, and user-
focused in design education and practice. The
effects of Al on cognitive load, creativity, and
metacognitive awareness are dynamically related
to factors such as task type, user profile, and
system integration. Therefore, developing AIADP
with more inclusive, pedagogically based, and
human-centred approaches will pave the way for
new models and strategies that will contribute to
both theoretical knowledge production and
practical applications.
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