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THE DESIGN SPACE OF THE BASIC DESIGN STUDIO: AN ANALYSIS 

AND ASSESSMENT WITH SYNTHETIC SOLUTIONS                            

SUMMARY 

The basic design studio is considered as the core of the design education in terms of 

teaching novice designer how to reason for design. Despite its crucial role, the first-

year design students often recorded to have difficulties to understand the abstract 

concepts and principles conveyed in the studio by the design problems. These 

problems present challenges for students due to implicit definitions and abstract 

concepts given in the assignment briefs. Because the students have neither previous 

experience in dealing with abstract design problems that require elaborating multiple 

and interrelated aspects of the problem at once, nor developed a reasoning mechanism 

to generate design solutions. Thus, this research aimed to search for a method to help 

students better understand the abstract concepts and principles conveyed the in the 

basic design studio and explore the impact of the design problems on the generated 

solutions by a text-to-image artificial intelligence (AI) model. 

 It is hypothesized that the concept of the design space can offer a medium for the 

students to reconstruct the design problems to generate solutions since the concept 

inherits problem and solution spaces bonded with the design process. By reviewing 

the literature the concept reframed in the scope of the study as: assignment briefs 

constituting the problem space with inherent ill and well definitions; solution space 

contains the design process outputs. To explore the impact of the problem space on the 

solution space, a series of synthetic design solution spaces were generated using a text-

to-image diffusion model.  

The selection of the AI model was critical for the study. The text-to-image diffusion 

models are assumed in this study as suitable for assignment-based design education 

that emphasized learning-by-doing type through solution assessment and development 

during a generative process. Hence, the synthetic design solution spaces are created as 

alternative assessments to elucidate the problem definitions in a sample set of 

assignment briefs and to consider the impact of the brief and the feedback process on 

design solution space generation.  

The methodology encompasses a retrospective perspective in terms of using two sets 

of problem spaces of two different design schools to generate a series of synthetic 

design solution spaces. In total three solution spaces were generated for each problem 

space analyzed in the study. These solution spaces had substantial differences in terms 

of including a feedback mechanism. 

In the first step, the analyzed two sets of assignment briefs were translated into text 

prompts by preserving their semantic organization. These prompts were used to 

generate the first and second synthetic solution spaces that correspond to the two 

problem spaces of different institutions. The first solution spaces were subjected to an 

evaluation process by design experts, alluding to a feedback/critique session in a 

conventional design studio, whereas the second solution spaces were kept as a control 



xx 

group for the further assessment process. Secondly, text-prompts were revised based 

on the feedback and the third synthetic solution space was generated using the 

diffusion model. 

 Lastly, the performances of the generated synthetic solution spaces, including the 

control groups, were evaluated in semi-structured design expert interviews. The expert 

interviews indicated a retrospective discussion in terms of comparing the visual 

impacts of the explicitness of the problem spaces on the synthetic design solution 

instances. Overall findings indicated that the performances of the generated solutions 

tend to increase when the brief defines the problems explicitly. Besides, the feedback 

process enhances the overall performance of the design solution spaces, as they 

introduce the implicit agenda of the briefs defined with the ill-defined design 

problems. Although the assessment results indicated several limitations of the model 

for representing well-defined design problems, experts evaluated the performance of 

the model as promising to elucidate the ill-defined problems for the students. Thus, 

with expert guidance, synthetic solution spaces can be used to expose students to a 

large number of solutions as they interpret the given design problem, the principles, 

and key concepts, and develop critical perspectives on their process and productions. 

Moreover, the potential implementation strategies of the AI tool in the first-year design 

studio were discussed in terms of enlarging the design space of the novice designer, to 

enable them to develop a reasoning mechanism. 
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TEMEL TASARIM STÜDYOSUNUN TASARIM UZAYI: SENTETİK 

ÇÖZÜMLERLE BİR ÖLÇME VE DEĞERLENDİRME 

ÖZET 

Temel tasarım stüdyosu, tasarım problemlerini çözme noktasında birinci sınıf 

öğrencilerine tasarım için akıl yürütme sürecini kavratma hedefi ile tüm tasarım 

disiplinleri için temel yapıtaşı sayılır. Temel tasarım stüdyosunda verilen ödev 

yönergelerindeki tasarım problemleri sıklıkla problemin farklı boyutlarını bütünleşik 

bir biçimde yönetmeyi gerektirir. Birinci sınıf öğrencileri bu tür problemleri çözmek 

için henüz bir akıl yürütme becerisi kazanmamış olduklarından, çoğu zaman 

stüdyonun temel kazanımları olan tasarım kavramlarını ve prensiplerini 

içselleştirmekte zorlanmaktalardır. Bu bağlamda tez muğlak tasarım problemlerinin 

sürece olan etkilerini üretilen çözüm uzayları üzerinden incelenmesini önceleyerek ve 

öğrencilere bu tür tasarım problemlerini kavrama ve çözüm üretme süreçlerinde 

yardımcı olabilecek bir yöntemin geliştirilmesini hedeflemektedir.  

Tasarım uzayı kavramı, içerisinde barındırdığı problem ve çözüm uzayları ile 

öğrencilerin tasarım problemlerini temsil ederek yeniden yorumlaması ve böylelikle 

çözüm uzayı üretmesi için uygun bir ortam olarak değerlendirilmiştir. Farklı 

hesaplamalı tasarım alanlarının literatürlerindeki tasarım uzayı kavramı taranarak, 

kavrama temel tasarım eğitim bağlamında yeni bir çerçeve çizilmiştir. Tasarım 

metodolojisi literatüründe tasarım problemleri, iyi tanımlı ve eksik tanımlı problemler 

olarak ayrışmaktadır. İyi tanımlı tasarım problemleri, problemin amacını ve çözüm 

için takip edilmesi gereken adımları açık bir biçimde tariflerken, eksik tanımlı 

problemler soyut kavram ve olgular içeren, çözüm yolunun tek olmadığı durumları 

işaret eder. Tez kapsamında, tasarım uzayı kavramı için çizilen çerçevede, stüdyoda 

öğrencilere verilen ödev yönergeleri problem uzayını oluştururken, bu problemlere 

yanıt vermesi hedeflenen tasarım süreci çıktıları ise çözüm uzayını oluşturmaktadır. 

Yöntem, problem uzayının etkilerini ölçmek amacıyla bir seri sentetik çözüm 

uzaylarının bir yapay zekâ modeli ile üretilmesini amaçlar. Temel tasarım stüdyosu, 

pedagojik olarak ödev tabanlı yaparak öğrenme modeline sahip olduğu için, metinden 

görsele dönüşüm sağlayan doğal dil işleme tabanlı difüzyon modeli, problem 

uzaylarının veri olarak kullanılarak çözüm uzaylarının üretilmesi için uygun bir araç 

olarak seçilmiştir. 

Farklı tanımlı tasarım problemlerinin etkilerini retrospektif bir bakış açısı ile ölçmek 

için yöntem, iki tasarım okulundan elde edilen problem uzaylarını veri olarak kullanır. 

İncelenen ilk problem uzayı 2003-2007 yılları arası Orta Doğu Teknik Üniversitesi, 

ARCH 101 kodlu “Temel Tasarım Stüdyosu I” ödev yönergelerinden bir seçkiyi 

kapsarken, ikinci problem uzayı İzmir Ekonomi Üniversitesi FFD 101 kodlu “Sanat 

ve Tasarım Stüdyosu I” kapsamında verilen ödev yönergelerinin bir seçkisini 

içermektedir. İlk olarak bu iki problem uzayının içinde barındırdıkları problemler, iyi 

ve eksik tanımlı tasarım problemleri olarak analiz edilmiştir. Ödev yönergelerinde, 

tasarım elemanlarının veya ortamının materyal özelliklerini açıkça tanımlayan ifadeler 
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iyi tanımlanmış tasarım problemi olarak nitelendirilmiştir. Öte yandan, birinci sınıf 

öğrencisinin anlamasının güç olduğu, muğlak ifadeler ile temel tasarım kavramlarını 

ve prensiplerinin altını çizen ifadeler eksik tanımlı tasarım problemleri olarak 

değerlendirilmiştir. 

Bu iki problem uzayı içerisinde yer alan problemlere yanıt veren çözüm uzayları kendi 

içlerinde barındırdıkları üretim metotları kapsamında da farklılıklar göstermektedir. 

Her iki problem uzayı için ayrı ayrı üretilen birincil çözüm uzayları, ödev 

yönergelerinin semantik yapısı korunarak metin komutlarına çevrilmesi ile elde 

edilmiştir. İkincil çözüm uzayları ise üretim metotlarına eklemlenen geri-bildirim 

katmanları ile birincil örneklerden ayrışmaktadır. İki farklı tip çözüm uzaylarının 

üretim metotlarındaki farklılıkların, problem tanımının çözümler üzerindeki etkisine 

ışık tutması beklenmiştir.  

İkincil çözüm uzaylarının üretiminde, tasarım stüdyosundaki eğitmenlerin geri 

bildirimlerine/kritiklerine atıfta bulunan, ödev yönergeleri ile tasarım uzmanı 

kritiklerini de içeren metin komutları kullanılmıştır. Bu kapsamda ilk çözüm 

uzaylarının elemanları üç kişilik bir tasarım uzmanı ekibi ile değerlendirilmiş, elde 

edilen geri bildirimler ödev yönergelerindeki muğlak problem tanımlarını aydınlatmak 

üzere anahtar kelimeler olarak metin komutlarına entegre edilmiştir.  

Farklı problem uzaylarının ve komutların kullanımıyla elde edilen sentetik çözüm 

kümelerinin, tasarım problemlerini yanıtlama performansı üç tasarım uzmanı ile 

gerçekleştirilen birebir, yarı-yapılandırılmış görüşmeler ile ölçülmüştür. Bu 

görüşmeler, tasarım uzmanlarının hem nicel ölçümlerini hem de nitel 

değerlendirmelerini edinebilmek adına iki kısımdan oluşacak şekilde kurgulanmıştır.  

Nicel değerlendirme safhasının ilk sorusunda, tasarım uzmanlarına üretilen sentetik 

çözümlerin üretiminde kullanılan ödev yönergeleri okutulmuş ve uzmanların bu 

tanımların açıklık seviyelerini sıralı ölçekte (1=zayıf, 2= zayıf-ortalama, 3=ortalama, 

4=iyi, 5= çok iyi) puanlamaları istenmiştir. Tasarım uzmanlara yönetilen ikinci soru 

ile, uzmanlardan üretilen çözüm uzayı elemanlarının yönergedeki iyi tanımlı 

problemlere cevap verme performanslarını puanlamaları beklenmiştir. Üçüncü soruda 

ise üretilen çözüm elemanının genel kalitesinin (kompozisyonun) ölçülmesi 

hedeflenmiştir. 

Değerlendirme aşamasının nitel kısmında ise sentetik çözüm uzayı üretim yönteminin 

temel tasarım stüdyosuna potansiyel eklemlenme stratejilerinin, pedagojik açıdan 

değerlendirilmesi hedeflenmiştir.  Tasarım uzmanlarına yöneltilen üç soru ile kendi 

temel tasarım stüdyosundaki eğitici izlenimlerini göz önünde bulundurarak, organik 

ve sentetik çözüm üretme süreçlerindeki farklılıkların kıyaslanması ve potansiyel 

eklemlenmenin pedagojik çıktılarını aydınlatmak amaçlanmıştır. 

Elde edilen nicel veriler, araştırma sorusuna yanıt vermek üzere hem girdi verisi olarak 

kullanılan iki tip problem uzayı bakımından, hem de birincil ve ikinci çözüm 

uzaylarının tanımlanan farklı problemlere yanıt verme performansları bakımından 

karşılaştırmalı olarak değerlendirilmiştir.  Elde edilen sonuçlar üretilen tüm sentetik 

çözüm uzaylarının kompozisyon kalitelerinin, iyi-tanımlanmış problemlere cevap 

verme performanslarından daha yüksek olduğunu göstermektedir. Bu durum 

kullanılan yapay zekâ modelinin mevcut durumdaki limitasyonlarından kaynaklanmış 

olma ihtimali farklı başlıklar altında değerlendirilmiştir. Bu limitasyonlara dayalı 

olarak elde edilen sonuçlar, üretilen tüm çözüm uzaylarının performanslarının 

ortalamanın altında kaldığını gösterse de iyi tanımlanmış ödev yönergeleri ile üretilen 

çözümlerin, muğlak tanımlı problemler ile üretilen örneklere kıyasla daha yüksek 
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performans gösterdiği saptanmıştır. Benzer şekilde, eklemlenen geri-bildirim 

katmanının yapay zekâ modelinin probleme doğru yanıt veren çözümler üretme 

performansına belirgin bir katkı sağladığı açıktır.  

Modelin güncel durumdaki performansı iyi tanımlı problemler olarak ifade edilen 

eleman özelliklerini temsil etme konusunda ortalamanın altında kalsa dahi, nitel 

değerlendirme sürecinde tüm uzmanlar, modelin eksik tanımlı problemler ışığında 

çözüm üretme potansiyelini ümit verici olarak nitelendirmişlerdir.  

Bu kapsamda önerilen yöntemin temel tasarım stüdyosu pratiğine iki farklı araç olarak 

sunulabileceği tartışılmıştır. İlk olarak stüdyonun erken evrelerinde ödev yönergeleri 

öğrencilere verildiği ilk anda yapay zekâ modeli ile üretilen çözümlerin, stüdyo 

eğiticilerinin kontrollü seçimi ile panel tartışmalarının tasarım uzayını genişletme 

potansiyeli sunulmuştur. Genişletilen bu tasarım uzayı öğrencilere eksik tanımlı 

problemlerin gereksinimlerini üretilen birçok çözüm üzerinden örnekleyip, aynı 

zamanda problemin farklı bakış açıları ile ele alınmış çözümlerini sergileyerek, 

stüdyonun temel eğitim pedagojisinde yer alan “gör-hamle yap-gör” pratiğini 

pekiştirebilir. Böylelikle birinci sınıf öğrencileri verilen tasarım problemlerine kendi 

organik çözümlerini geliştirmeden önce problemlerin gereksinimlerini daha iyi 

kavramış olarak daha tutarlı ve kaliteli üretimler gerçekleştirebilirler.  

İkinci bir strateji olarak, yöntemin stüdyo eğiticileri tarafından verilen yönergelerdeki 

problem tanımlarını test etmek için bir araç olarak kullanılabileceği tartışılmıştır. Aynı 

zamanda yöntemin limitasyonları olarak da tanımlanan modelin sabit öğrenme 

eğrisinin ve bağlamsal bilgi birikimi eksikliğinin, birinci sınıf öğrencisinin stüdyonun 

erken aşamasındaki hali ile benzeştiği varsayılabilir. Bu kapsamda stüdyonun 

başlangıç aşamasında verilmesi planlanan ödev yönergelerinin önerilen yöntemin 

kullanılması ile elde edilecek çözümlerinin analiz edilmesi ile problem tanımlarının 

muğlaklık derecelerinin öğrencinin kavrama seviyesine göre uyarlanması söz konusu 

olabilir. 
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1.  INTRODUCTION  

Basic design, as an educational model is considered as foundational for all design 

disciplines in the first year of design studios (Besgen et al., 2015; Kocadere, 2012). 

The studio is commonly referred to as the foundational studio, preliminary design 

studio, or basic design studio (Çakmaklı et al., 2022). However, regardless of its name, 

its critical role remains the same: teaching novice designers the concept of design 

reasoning implicitly (Akin, 1984). Despite its critical role in teaching students how to 

think for design, students have difficulty fully comprehending the significance of the 

studio, due to its primary characteristic of preparing a ground for the students for their 

first encounter with design problems (Dorst et al., 2005). The students who have 

previously been exposed only to well-defined or tamed problems during their former 

education that are generally structured with one goal and one-valid-answer are often 

devastated by the first challenge opposed to the ill-defined design problems 

(Saranlı,1998; Dorst, 2003).  

Since novice designers have no previous experience, they learn the concepts and key 

principles of design by delivering solutions through a 'learning by doing' paradigm 

supported by studio instructors' critiques (Dewey, 1916; Schön, 1985; Özkar, 2007). 

However, in this process, students often struggle in the beginning stages while dealing 

with abstract design problems to develop a design reasoning mechanism to generate a 

solution. 

Hence, this thesis reconsiders the gap in understanding and elucidating the various 

definitions of design problems and seeks a method to help students better understand 

the ill-defined design problems to convey key concepts and principles in the Basic 

Design Studio. It is hypothesized that offering a synthetic design solution space 

generation mechanism using AI-aided tools may help elucidate the ambiguous 

problem definitions that are not clearly stated in given assignment briefs. Assuming 

that the concept of design space offers a promising medium for the students to 

represent these problems and highlight the potential solutions, alluding to the see-

move-see pattern of the reflective practice conveyed in the studio.  
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To evaluate the impact of various definitions in the problem spaces on the design 

solutions, the proposed methodology draws a comparative framework by 

retrospectively analyzing the assignment brief data of two renowned design intuitions 

that constitutes the two-problem spaces of the study. To analyze and assess the visual 

impacts of these problem spaces on the generated solutions, it is intended to generate 

a series of synthetic design solution spaces.  

In the field of generative design, numerous research studies aim to create design 

solution spaces using various computational algorithms as teaching aids for early 

stages of design education (Chase, 2003). Rule-based systems like shape grammars 

are effective in generating complex forms and patterns from a simple set of rules 

defined by explicit constraints, making them suitable for educational design studio 

setups (Knight, 1999; Economou, 2000). However, the application of these rule-based 

systems in basic design studios is limited when the design brief does not provide 

explicit rules or objectives. Additionally, these systems often confine designers to a 

single visual domain. Consequently, first-year design students face the challenge of 

translating written design problems into a visual medium through their own 

interpretation in the basic design studio. 

In this context, the potential implementation of AI-aided tools can be considered as 

promising for novice designers. Machine learning models (ML) generate novel 

solution instances by analyzing and synthesizing the hidden patterns of the provided 

data in multiple-domains, that do not require a certain structure of rules or algorithms. 

Unlike the prior generative design algorithms, it might be possible to generate solution 

instances that answer the design problems that are not defined explicitly. Thus, for the 

generation of synthetic solution spaces through variously defined design problems 

stated in the assignment briefs, an AI model was employed.  

The selection of the AI model was critical for the study as the primary objective was 

to identify the impacts of problem statements defined in design briefs on the generated 

solutions. Therefore, a generic text-to-image diffusion model was selected to conduct 

the research, to generate solution instances directly from the written design briefs 

without a need of visual transition. The architecture of the natural language processing 

(NLP)-based text-to-image diffusion model was deemed suitable for the generation 

process of solution instances, aligning with the assignment-based, learning-by-doing 

educational model of the basic design studio. 
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The synthetic design solution spaces generated by the diffusion model that correspond 

to the two problem spaces also vary based on their generation procedures in terms of 

being generated through the direct translation of the assignment brief into text-prompts 

or revised-text prompts by the implemented feedback mechanism. To generate the 

initial solution spaces, the briefs are translated into text-prompts by preserving the 

semantic organization. These initial solution spaces are subjected to an evaluation 

process by the design experts to retrieve feedback, similar to the critique session in the 

studio. The feedback obtained in these sessions is used to revise the text-prompts, 

which are used to generate the secondary solution spaces.  

By comparing the two types of solution spaces of two problem spaces, it is expected 

to highlight the difference between processes in order to test out the potentials and 

limitations of the implementation of the method as a tool in the studio. The initial 

design solution spaces generated by the solo guidance of the assignment briefs are 

expected to show the visual impacts of the brief statements in a constrained context. 

Whereas the secondary solution spaces generated through revised prompts are 

expected to also show the visual impacts of the ill-defined design problems conveyed 

implicitly in the briefs, that are highlighted during the feedback sessions. 

1.1 Structure of the Study  

As the initial aim of the thesis puts the initial emphasis on the novice designers' process 

of obtaining reasoning mechanisms in basic design studio by the guidance of the 

design problems, the theoretical foundations of the deeply rooted concepts in the 

design pedagogy were reviewed in Chapter 2. Starting from reviewing the definition 

way of the design problems in the literature of design methodology, the representation 

and representation issues of these problems were discussed to reframe the concept of 

design space in the context of the basic design studio. To draw a concise framework 

for the design space as a potential medium for the students, definitions and 

connotations of the term including its subspaces were reviewed systematically in a 

wide range of computational design field literature.  

Secondly, as the proposed methodology requires the generation of the design solution 

spaces synthetically to explore the impact of the problem space, Chapter 3 presents  a 

literature review on generative deep learning models, to identify the current gap of 
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implementation of the AI models in the design education and to explain the selection 

criteria of the suitable model. 

Chapter 4 outlines the methodology of the study, which was divided into three main 

sections: the retrospective analysis of the problem spaces, the generation of synthetic 

design solution spaces, and the assessment procedure of the design solution spaces 

through the design expert interviews. In section 4.1 the assignment brief data that 

constitute the two problem spaces of the study were retrospectively analyzed. Data 

collected from the first-year design studios of Middle East Technical University 

(METU) and the Izmir University of Economics (IUE) were briefly introduced and 

compared in terms of the inherent differences in problem identifications. Secondly, the 

generation processes of the synthetic design solution spaces were explained. The 

translation protocol used to translate the assignment briefs into text-prompts for 

generating the initial design solution spaces was described in detail. Following that, 

the implementation of the feedback mechanism for the generation of the secondary 

solution spaces was demonstrated by the sessions held with the design experts. Thirdly, 

the evaluation process of the generated design solution spaces was explained in terms 

of the semi-structured design expert interviews for qualitative and quantitative 

assessments. 

Chapter 5 of the thesis presents the results of both quantitative and qualitative 

assessments obtained through the semi-structured interview sessions conducted with 

design experts. The quantitative analysis focused on two comparative aspects 

perspectives:  the impact of two different problem spaces on the performance of 

generated solutions spaces and the impact of the implemented feedback mechanisms. 

On the other hand, the qualitative assessment explored the experts' insights gained 

through open-ended questions regarding the potential implementation strategies of the 

model as a tool in the basic design studio, with a focus on the pedagogical impacts. 

Starting from section 5.3, the overall performance results of the generated solution 

spaces by the guidance of ill-defined and well-defined design problems were 

discussed, while considering the limitations of the model. Potential implementation 

strategies of the text-to-image AI tool in the basic design studio were also ex also 

explored to help novice designers better understand ill-defined design problems. 
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2.  REFRAMING THE DESIGN SPACE OF THE BASIC DESIGN STUDIO 

The first year of architectural design education, particularly the basic design studio, is 

widely regarded as the most challenging phase of the entire curriculum (Ghom, 

George, 2020; Boucharenc,2006). This is due to a variety of factors that arise in 

various contexts of design education. For instance, students may struggle to adapt to 

the new working environment of studios, which is typically very different from the 

traditional classrooms they may have been accustomed to in their earlier education 

phases (Aytaç-Dural, 2002). Additionally, students may find it difficult to navigate 

unfamiliar interactions with design instructors during panel critics and juries. 

However, the main reason and the underlying cause of previously mentioned situations 

can be related to the design reasoning concept, which novice designers have not been 

acquainted with, yet. Van Dooren et al. exemplifies this situation by quoting Schön 

(1985), in which he illustrates this impasse character of the foundational design studio 

as a challenge for the students, as follows: 

(Student) is expected to plunge into the studio, trying from the very outset to 

do what he does not yet know how to do, in order to get the sort of experience 

that will help him learn what designing means. (van Dooren et al., 2014) 

Since novice students have no previous design experience to develop a reasoning 

mechanism through questions that they have never been exposed to before, guiding 

them is important in the foundational design studio. Thus, we refer to the concept of 

design reasoning as a key instrument of basic design education, for making novice 

designers enable to understand the main logic of what to do and how to do design in 

the process. 

Keeping in mind that design is a continuous action that proceeds on both visual and 

cognitive levels, it is possible to say that reasoning takes place at all stages of this 

process in different levels and mediums (Demirbaş & Demirkan, 2003). The following 

sections of the thesis intend to identify these intricate processes of design in the basic 
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design studio by analyzing the inherent stages of it to highlight the role of design 

reasoning in the context of the foundational design studio.  

Firstly, starting with the definition way of the design problems, the learning strategies 

and the deeply rooted concepts of the basic design studio were explored in the seminal 

publications to gain a comprehensive understanding. Additionally, an extensive 

review of the definitions of the design space concept was conducted in the 

computational design literature; to establish a concise framework for addressing the 

reconstruction and representation challenges of the design problems on that conceptual 

medium. 

2.1  First Encounter with the Design Problems 

The initial struggle for the students in the basic design studio begins with the first 

encounter with the definition way of the design problems, and their solution processes. 

In general, novice designers who enter the basic design studio for the first time have 

encountered well-defined or tamed problems throughout their previous education. 

These problems are generally structured with one goal that requires single, absolute 

truth or one-way valid answers. Since they are mostly brought up to derive instant 

solutions to those kinds of problems by applying the pre-established methods and 

formulas in primary and secondary education, the students are not used to make 

interrogation about the nature of the given problem; or developing a methodology to 

tackle with it (Saranlı, 1998). 

However, it should be noted that the design problem definitions do not generally 

permit the derivation of solutions through pre-defined, straightforward, and simple 

methodologies. In most cases, each unique design problem requires reconstruction of 

it through the interpretation of the student in order to fully reveal itself in terms of what 

it seeks. As a result, the first encounter with the ill-defined or wicked nature of design 

problems can have a devastating impact on novice students (Casakin, 2004; Dorst, 

2005), as they are not trained to provide answers in contexts where even the given 

problem is not explicitly structured.  

Therefore, the students in the basic design studio, generally neither have a clear insight 

about how to approach it to solve the problem nor can see what the actual problem is 

about the given task, that requires an action to be taken. Therefore, defining an explicit 
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conceptual framework about the nature of the given problems might be useful to 

introduce the student to the inherent ambiguities of the design process, which includes 

the reconstruction of the problem (van Dooren, 2020). 

The first understanding takes the design problems as primary examples of the ill-

defined or ill-structured ones; in terms of their initial, goal, and intermediate states are 

being specified incompletely (Reed, 2015; Simon, 1975). The generated solutions of 

ill-structured problems have no direct relations with the precedent solution cases, 

which means that the algorithms that would be applied to solve the problems are totally 

unidentified and unexplored (Casakin, 2002; Goldschmidt, Weil,1998). In that case, 

each solution attempt towards the design problem produces potential alternatives that 

have not been explored yet, which can be directly related to design creativity. 

Also, Simon’s perspective sees design as a challenge of instrumental problem-solving 

activity, ill-structured definitions of the design problems do not pose an obstacle to 

getting solved, as long as their solution process can get systematized like-wise the 

well-structured ones (Simon, 1975). From his point of view, design problems as the 

primary examples of ill-defined problems can be solved “in the sense of a number of 

sequential well-structured problems" (Lloyd, Scott, 1994 ).  

The definition of the design problems bounded with wickedness, takes the problem as 

open to reconstruction in different ways at any time during the process of solving it. 

Since they are formulated loosely, there is no single goal of an objective to be reached, 

but only the viewpoint of a designer in constrained contexts can be determined in order 

to solve it (Coyne, 2005; Rittel,Webber, 1973). 

At this point of the discussion, it is also important to underline that these design 

problem definitions are not the only challenge in the basic design studio. The 

ambiguity level of the design problem and also the process is bounded by the context 

and subject. Simon (1957) discusses this issue with the term bounded rationality, the 

decision-making process of a human to rationalize an idea is limited by their 

knowledge and cognitive capacity. Therefore, the prior knowledge contextual 

knowledge, and the comprehension ability of a subject might change the definition of 

the problem statement during the design process.  

In the basic design frame work, this difference in the perception of design problems 

can be observed between the studio instructors and the students. Since basic design 
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instructors are more experienced in the design process than the novice designers, they 

can find the implicit, ill-defined design problem statements as explicit as well-defined 

problems.  

2.1.1 Reconstruction and representation of the design problems  

The definitions of the design as an ill-structured or wicked problem indicate different 

characteristics, although the initial conflict which underlies both can be considered the 

same: The design problem gets formulated after certain intents are performed or 

actions are taken by the designer since the further steps cannot be seen in the first place 

due to the ambiguous nature of the problem. It never reveals itself clearly in terms of 

its goal and intermediate stages without any solution attempts performed, which 

changes the characteristics of the design object and medium (Newell & Simon, 1972). 

As well as those changes an occur in material properties to be distinguished by the five 

senses on the design medium, it can also simply alter the perception of the designer to 

grasp new characteristics of the existing material. For instance, Stiny (2016) discusses 

those changes and their implications on the process in the context of shape grammar. 

He denotes the importance of the change, which can acquire different implications 

than merely the visual ones, as well as the perceptional ones by the introduction of the 

useless rules.  

The integration of the perceptual changes in the process can be seen as an entry of 

another level of ambiguity that underlies that design problems need to be reconstructed 

both perceptually and visually to get represented. The design problems can get defined 

as ambiguous and uncertain, which could be interpreted as the main characteristics that 

make the design process “creative at least innovative” (Goldschmidt and Weil, 1998). 

Those ambiguities inherent in problems mostly have tried to get omitted in the process 

of the solution delivery in a variety of scientific fields including mathematics, 

engineering, etc. However, in the design-related realms, they are considered to be the 

creative resources for emerging applications, that designers should neither ignore nor 

repress (Gaver et al., 2003). Although it is also considered that the designer's role is to 

control them during the process to answer the given design problem in an orderly 

manner (Cross, 1993). Therefore, the main aim of the designer might be named as 

producing coherent and internally consistent design outputs which would avoid 

coincidentally at all, by developing new methodologies to control them. 



9 

In accordance with that, Simon’s attitude towards the design as a problem-solving 

activity proposes a solution mechanism for the ill-defined design problems. His 

suggestion is to represent the complexity of an ill-defined design problem in “smaller, 

more manageable sub-problems that can potentially be well-defined” (Akin, 2001; 

Simon, 2019). At this point, in Simon’s terminology the “representation” might be 

considered as the key point to the delivery of solutions to the ill-defined problems.  

His initial statement advocates that, if each stage of the interrelated process of design 

can get explicitly represented on a medium to be seen from, it would be feasible to 

develop new solutions accordingly. However, the limited cognitive abilities of humans 

to represent the intermediate stages of the process on the visual medium prevents the 

derivation of the potential alternative answers, since the upcoming stages after certain 

moves had taken cannot get foreseen easily. Simon (2019) illustrates this situation with 

the well-known analogy of an ant trying to find his path to his home : 

Whoever made the path, and in whatever space, why is it not straight; why does 

it not aim directly from its starting point to its goal?... He has a general sense 

of where home lies, but he cannot foresee all the obstacles between them. He 

must adapt his course repeatedly to the difficulties he encounters and often 

detours uncrossable barriers. His horizons are very close so that he deals with 

each obstacle as he comes to it; he probes for ways around or over it, without 

much thought for future obstacles. It is easy to trap him into deep detours. 

(Simon, 2019, pp.51) 

The altered path of the ant due to obstacles and environmental changes can be viewed 

as a two-fold problem. While the obstacles initially defined and those that occur during 

the journey due to changes in the environment are the primary reasons for the ant's 

altered route, they are not the only contributing factors. The ant's limited cognitive 

capacity to anticipate future disruptions caused by the environment also plays a 

significant role in the ant's altered course. 

To derive an analogy from Simon's ant into the design education framework, we can 

refer to the novice designers as the ants trying to solve the given design problems in 

the basic design studio. The cognitive abilities of the students as the ants of this case 

are limited in foreseeing the upcoming stages of the process, as they have no previous 

design experience to be able to know how to proceed. The assignment briefs as the 
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design problems of the basic design studio can be seen as the defined task environment, 

that causes disruptions on the fly, which alter the perception of the designer and the 

expected solution delivery process. Therefore, students might fall into deep detours 

during the process, as they have no chance to learn how to design besides experiencing 

it by making.  

This experience of learning by the trial-and-error mechanisms indicates a significant 

type of reasoning that has been explained by the learning-by-doing paradigm (Schön, 

1987). He defines the general educating setting of the design studio as a reflective 

practicum, in which the student learns design by doing it with the help of coaching 

provided by the design studio instructor: 

Studios are typically organized around manageable projects of design, 

individually or collectively undertaken, more or less closely patterned on 

projects drawn from actual practice. They have evolved their own rituals such 

as matter demonstrations design reviews desk critics and design juries all 

attached to the core process of learning by doing. (Schön, 1987, p.12) 

The reflective conversation between the student and the design object gets 

strengthened in the light of the dialogue and critics of the coach, as well as the student 

becomes more proficient in design reasoning during the reflection-in-action. At this 

point of the discussion, the definition of design as a reflective practice or act of making 

might be first seen as contradictory with the perspective of design as a problem-

solving, in terms of the attitudes towards the design problem-solution process. Since 

Simon tries to decipher the design problem and its solution process explicitly in a 

manner of rationalization, whereas Schön elaborates on it as an act of making which 

corresponds to grasping the essence of the design problem implicitly. Schön expresses 

his critics about neglecting the essential parts of the problem, the inherent ambiguities 

and uncertainties, by underestimating designing into a "process of optimization”: 

(Herbert Simon’s) view ignores the most important functions of designing in 

situations of uncertainty, uniqueness, and conflict where instrumental problem 

solving- and certainly optimization- occupy a secondary place if they have a 

place at all. In contrast, I see designing as a kind of making. (Schön, 1987,p.41) 

Although the initial attitudes of two seminal design researchers towards the design 

process have sharp differences, looking from the design education context both 
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perspectives of design problem might be considered as converging at the same point: 

The design problems need to get clarified implicitly or explicitly during the process, 

to enable the novice designer to represent and reconstruct them on the design medium 

to see and move from. However, the medium of this convergence can be considered 

still unidentified, in order to utilize it as a tool in design education for teaching novice 

design students how to reason for design. 

At that point, the concept of Design Space might be offered as a promising medium 

for representing the reflective action of design that takes place during the design studio 

with the contributions of the individuals as students and design instructors.  

The definitions of the design space concept vary wildly in a wide range of 

computation-related literature. In terms of approaching the concept only as a display 

case of the generated design solution alternatives, or interrogating the term as a design 

tool in the generative application processes(Goldschmidt, 2015). Although the 

computational structures of the concept have been discussed widely regarding its 

construction and exploration issues, a number of the research is fewer that focus on 

the abilities provided for the designer using the design space(Woodbury & Burrow, 

2006). Yet in the basic design education framework, the design space term barely finds 

itself a place; besides the role of it mere as a solution space, in few applications held 

in courses that focuses on computer-aided design. 

However, the initial hypothesis of this research is that it might be valuable for teaching 

novice designers reasoning, by approaching it from the definition that takes design 

space as a combination of problem and solution spaces and the design process as a 

binder of those sub-spaces (Krishnamurti, 2006). 

 It might be possible to name two initial benefits for the design students by reframing 

the concept in the basic design studio, as follows: The problem sub-space forming out 

of the design problems given in the form of assignment briefs in the studio, and the 

design process outputs of those assignment briefs composing the solution sub-space. 

First, that kind of explicit reframing might enable the students to understand the 

essence of the ambiguous nature of the design problems, which maintains to deliver 

unique solution methods in the process that enables to generate a myriad of design 

alternatives to a single design problem. Thus, the student understands that there is 

neither one way of reconstruction of the design problem, nor a single solution strategy 
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to generate more than one design product. Therefore, the concept might conquer a new 

function as an explicit design reasoning in the design process, besides its existing 

characteristic of being the display-case of alternative design solutions.  

2.2 Design Space 

As the zeitgeist of design research suggests, the cognitive limits of the human designer 

using computational tools and methods have been extended in terms of increased 

memory capacity and process speed (Kelly & Gero, 2021). Thus, it is possible to 

generate a myriad of alternative solutions to given design challenges with pre-defined 

algorithmic processes controlled with specified parameters in constrained contexts. 

The generated alternative design solutions compromise a “vast” set (Dennet C. Daniel, 

1995), which generally tends to connote with the concept of design space.  

However, in the current state of the art in various computation-related literature, the 

conceptual limit of the term is generally misconceived, and still unclear, whether it 

represents solely the solution space. Yet also, it is not clear whether the alternatives 

represented in that space answer the needs of the design problem, or whether they are 

only combinatorial outputs of the algorithmic design processes. Therefore, the 

limitations posed by the design space concept require a critical overview as well as its 

potential for enlightening the design problems, as well as implying it into basic design 

education as a design reasoning tool. 

2.2.1 Definitions of the design space  

Design space often carries imprecise metaphors and unspoken assumptions, that take 

several different forms in the design research field (Halskov & Lundqvist, 2021). As 

well as it is defined as traditionally as “the aggregation of all possible design solutions 

in a given task”, it is also seen as the changing space of potentialities created by a 

designer while designing (Goldschmidt, 2015; Kan & Gero, 2018). The design space 

concept is also defined as a network of the structure of related designs that are visited 

in the exploration process (Woodbury & Burrow, 2006). Although the term is mainly 

considered as a “descriptive metaphor” for collections of design ideas (Halskov et al., 

2021), the concept takes different roles related to its definition in various design and 

computation-related literature; including engineering, architecture as well as visual 

communication, and interactive design realms. In that context, the conceptual network 
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graph of the design space is visible in Figure 2.2, in which the nodes correspond to the 

keywords found in the revisited publications. The authors' nodes are indicated with 

blue color, whereas the articles written in collaboration are highlighted with light blue 

edges. 

 

Figure 2.1: Conceptual network of the design space. 

In each context, different characteristics of the concept get highlighted, but at the same 

time, the main focuses remain almost the same in terms of; including the activities of 

a designer in the process of interacting with the conceptual space, as well as generating 

alternative solutions to revisit and deliver new designs. However, acknowledging the 

sub-spaces underlying the concept demonstrate deterministic differences about the role 

of design space in the design process, about whether it enables the designer to display 

and interact with the process or not.  

One thought of line takes the design space concept as a combination of problem space 

and solution space, therefore including the design process as a binder of those subsets 

(Krishnamurti, 2006). On the other hand, another group of researchers takes the term 

as only forming out of solution space of the alternatives generated under the design 

brief. Therefore, to guide the readers’ understanding, it is important to revisit the 
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previous works in the literature that deal with the design space conception under two 

main groups of understandings:  First the design space as merely solution space, and 

secondly design space as the reciprocal formation of problem and solution spaces.  

Figure 2.2 shows the inclusion of the sub-spaces graph in the design space concept of 

the revisited publications.  

 

Figure 2.2: Inclusion of problem, solution, and process in design space definition. 

2.2.1.1 Design space as a problem and solution space 

The intricate point of difference between the conceptions of the design space is the 

inclusion of the problem space, which might be associated directly with the definition 

of design problems as ill-structured or wicked problems. Since both definitions suggest 

that the design problem only gets formulated after certain intents are performed or 

actions are taken by the designer due to their ambiguous nature, the further steps 

cannot get foreseen easily as the well-defined ones in other scientific domains(Coyne, 

2005; Rittel & Webber, 1973; Simon, Herbert, 1975). Therefore, it could be said that 

problem space evolves during the whole design process with every cognitive action 

taken for reframing or reconstructing the given design problem (Purao et al., 2001). 

As Dorst states in the same context, since the whole process is not limited to problem 

reconstruction, as the main aim is to deliver a design solution, the solution space also 
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coevolves with the problem space (Dorst,2015). So, the design research theorists that 

consider the problem space as an inherent part of the design space concept imply that, 

since the defined problem gets reconstructed iteratively, the generated set of 

alternatives in the solution space is also get altered or enhanced in terms of numbers 

as well as their qualities.  

Similarly, Cross takes this ambiguous nature of the design problems directly related to 

the difference between expert and novice designers(Cross, 2004). Novice designers 

have no previous experience to be able to know how to deliver a solution to a problem 

that is not clearly formed. Therefore, the generated solution space remains highly 

limited since the problem space is not yet fully explored. The reason behind this claim 

gets enlightened in his paper as the exploration and discovery process of the designer. 

The designer starts by exploring the problem space and finds, discovers, or recognizes 

a partial structure, which enables him/her to generate some initial ideas to form a 

solution space (Cross, 1982). 

Woodbury and Burrow (2006) state a significant point parallel to Cross’s perspective, 

to underline the importance of representing the problem space in their keynote article 

devoted to understanding the structure of the design space. As they refer to enabling 

and assisting the designers to make new designs by moving amongst the previously 

discovered ones in the network. The important point here is moving among the 

previous examples in the problem space to generate new solutions, which can also get 

explained by the see-move-see pattern of understanding the design process. The 

designers generally develop their design ideas on top of the previous moves that had 

been made on the medium of reflection-in-action, therefore seeing a myriad of 

alternatives of the previous moves in the problem space would expand the solution 

space, if they both can get represented to be seen. By using computational structures 

designers might be capable of representing the “vast” set of alternative problem 

reconstructions in the design space.  

Dennet (1995) clarifies that this vastness is only useful when the accessibility of the 

designer is enabled to reach “unsound” designs from the potential points in the 

contingent historical accounts defined in the space. The term unsound, underlined in 

that context can be considered as resembling the ambiguities occurring in the process, 

due to the perceptual and visual changes. The ambiguities which cannot get well-

represented in the process might be valuable in the design space concept to reach 
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unsound, creative, undiscovered solutions (Figure 2.3). Following that as both 

researchers suggest, the amplification of the number of solutions that answer the given 

design problem and enhance the already generated ones is only possible by looking 

through the perspective that takes design space inseparable from the problem space. 

 

Figure 2.3:  Design space accessibility (Woodbury and Burrow, 2003). 

Furthermore, Goldschmidt states in her response to the same keynote article, that the 

attitude of the designer moving amongst the previously generated solutions in the 

design space not only provides essential feedback regarding the solutions but also 

highlights the process of design (Goldschmidt, 2006). As her research mainly holds on 

the design reasoning associated with the design moves and their interconnected links, 

she underlines the need for consideration of the non-represented actions in the process, 

in both problem/solution space, to formulate a more comprehensive understanding of 

the design space including the process. 

Agreeing with Goldschmidt (2006), Ömer Akın pointed out in his response to the same 

keynote article the tasks, that remains still incomplete in terms of the design space 

framework drawn by Woodbury and Burrow (Akin, 2006). He persisted that the 

nongraphic content of a design is often considered in the context of design 

requirements, but still not yet get represented on the medium itself. 
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In the response of van Langen and Braziers to the mentioned keynote article, the 

understanding of the design space concept including problem and solution space gets 

elaborated under three subsets of the design process. At first, they regard the partial 

descriptions of the design artifacts. Secondly, the space of design requirements and the 

space of design objectives (van Langen, Brazier, 2006). Following that, the design 

requirements, and the design space objectives can be considered as the outliers of the 

problem space since they define the characteristics of the given design brief that needs 

to get answered. As well as the partial descriptions of the generated design artifact can 

be directly assessed with the solution space.  

Besides the theoretical debates on the concept of design space devoted to 

understanding the inherent coexistence of problem and solution space, there are also 

practical researches in the literature that aims to provide a solid connection between 

them. 

As a first instance, Erhan et al. (2017) propose a new methodology to discover the 

“unsound” alternatives by enabling the interaction of the designer with a large number 

of alternatives in the design space by a similarity-based exploration. They have 

modeled a task environment as both encompassing the problem and solution space, 

which aims to enable the designer to change the characteristics of the pre-defined task 

environment in the beginning. Therefore, the dynamic alterations of the problem space 

became visible, which resulted in an immediate expansion of the solution space. 

Secondly, Perisic, Martinec, Storga, and Gero presented the results of a computational 

design experiment that had been conducted on the design teams to demonstrate the 

effects of experience in the exploration of problem and solution spaces (Perisic et al., 

2019; Perisic, 2021). On the same line of thought as Nigel Cross, they have stated that 

the buildup experience in the design space exploration helps to develop solutions that 

answer the design problems in less time, as well as the ongoing collaborative work, 

enhances the design situation. With the agent-based simulation experiment, they 

demonstrated the results of the process of design space expansion to provide solid 

evidence for the discussion. 

As well, Gero and Kumar discuss the issue of introducing new design variables and 

constraints to the problem space (Gero and Kumar, 1993). They illustrated how new 

solution spaces emerge with the introduction of new design variables by giving 
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exemplary design experiments. Those experiments were held in a variety of contexts 

including mathematical problem space conducted on cartesian geometry, a small-scale 

housing design, and a structural beam design to demonstrate the solution spaces 

expansion through adding new constraints to the problem space. 

Problem spaces defined in constrained contexts of a design space 

Before examining the second set of research that takes the concept as mere solution 

spaces, it is crucial to acknowledge the existence of literature that explores the 

conceptual framework of it within the constrained context of a "problem space". 

As a first instance, in the case of the social production of the design space, van Amstel 

et al. have tried to define the design space concept in the context of a socio-material 

medium rather than a cognitive process of the individuals. Thus, the collective action 

of designing became the main focus of the research, which highlights the constantly 

changing parameters that cannot get represented in the problem space due to the ever-

changing task environment defined by a group of designers. Therefore, they have 

interrogated the dialectical relation to the design space and the design activity and 

highlighted a question that remains unsolved: Whether the contradictions are related 

to the process, or the solution space indeed (van Amstel et al., 2016). 

In the case of “Filtering and Informing the Design space” Halskov and Lundqvist have 

reconstructed the concept of design space merely as a showcase of the generated 

design prototypes. However, they have also discussed the limitations as opposed to not 

including the problem space in terms of the filtering issue of the generated design 

solution space (Halskov, Lundqvist, 2021). Similarly, Halskov underlines the situation 

more with Dove and Hansen, in the conference paper named “An Argument for Design 

Space Reflection”: Although the problem space could not get represented explicitly, 

the solution space increases our awareness about the problem space. In terms of 

filtering the design space by the design activities, challenging these constraints, and 

reconsidering the disregarded opportunities (Dove et al., 2016) 

Likewise, Wang, Janssen, and Ji’s research on the efficiency issue of the 

computational design of design search spaces, discuss the problems and limitations 

opposed by inappropriate modeling methods. They have exemplified the situation with 

case studies that, there are two common types of misusage in the current practice of 

design. The first one is the lack of proper constraints defined in the problem space and 
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the second one is related directly to the design search space fixed by the conventional 

design knowledge (Wang, Janssen, Ji, 2019). 

2.2.1.2 Design space as a mere solution space 

Another group of design theorists elaborates on the design space concept as only 

containing the alternative solutions represented in the design process. Westerlund 

(2005) defines that kind of understanding of a design space concept as a conceptual 

tool for designing an explorative and experimental design process with the generated 

design solutions. He eliminates the inclusion of the problem space in the concept, in 

terms of suggesting that the generated alternatives are enough for representing the 

challenging design process. By claiming that, due to the wicked nature of the design 

problems the problem space can never get fully explored even if it is tried to get 

represented on the medium of the design space, since also the medium of it is not 

defined clearly. Instead, the solutions displayed in the design space comprise a variety 

of characteristics to be able to set forth what the design work is about. 

In a similar line of thought, Halskov, Dove, and Fischel presented recent research 

which has built on the concept of design space as a display case of alternative solutions. 

In the context of the research, the design space is referred to as a tool to construct and 

analyze the precedent design challenges, in terms of the knowledge process (Halskov 

et al.,2021). They have presented a case study of a design space constructed with 54 

examples taken from the Media Architecture Biennale, which have been deconstructed 

according to the inherent common patterns of characteristics in between, to compose 

a holistic design space for viewing, navigating, and filtering purposes. 

Similarly, in the work of Mei et al. (2017)  the design space concept got reconstructed 

as a tool for visualizing a literature review that has been conducted on the information 

visualization tools. They have classified the cases in the literature constructing the 

design space medium by predefined dimensions such as degree of abstraction, 

presentation medium, supported data source, and action type (Mei et al., 2017). 

Following that, they have achieved a comprehensive view of the characteristics of the 

information visualization tools at the current state of the art, to make the statement of 

the review clearer. 

Another recent example of design space as a solution space is brought by Ma Shaw to 

the discussion table in terms of the role, benefits, and risks of using it in the design 
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process. She has conducted practical research on traffic signal simulators to identify 

and organize the decisions to be made, by considering the alternative solutions 

(Shaw,2012). Therefore, the designer might be considered as assisted under the 

guidance of the design space, which enables them to produce alternative artifacts or a 

framework to compare them. 

2.3 Problem Space 

The problem space is a subset of the design space and plays a crucial role in the 

generation process of solutions(Goel, Pirolli, 1992). To understand the problem space 

in the design thinking field, it is important to review the relevant literature and explore 

the various definitions of design problems in terms of the ill and well-structured ones 

(Goldschmidt, 1997). The problem space comprises a multidimensional space in 

which each dimension represents a design variable or constraint. Designers can use 

various methods, such as brainstorming, morphological analysis, decision matrices, 

and design heuristics, to explore and search the problem space and find the best 

solution ( Murray et al., 2019). 

Maedache and others (2019) describe the problem space as a key concept in the design 

process that defines the constraints and requirements that designers must consider 

when creating a solution. Understanding and navigating the problem space is crucial 

for developing creative and effective solutions to design challenges, especially in basic 

design education. Yoon (2001) discusses the role of the problem space in interaction 

design, where designers should start by identifying the needs and goals of the user, and 

then consider the technical and functional constraints of the design context.  

Although the ambiguous nature of design problems can be defined in various 

connotations, as mentioned earlier (i.e., ill-defined, well-defined, tamed, wicked, etc.), 

a concise framework for the further steps of the research is sought. In this regard, the 

perspective of novice designers is taken into account, and the two-fold design 

problems are referred to as ill- and well-defined design problems. The ill-defined 

design problem statements are reframed as implicit design brief statements that require 

the elaboration of multiple and interrelated aspects of the problem simultaneously, 

which generally challenges student to understand the process in the earlier stages of 

the studio. Conversely, the well-defined problems are reframed as those that indicate 

explicit directional steps for anyone and provide clear information about the material 
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properties of design elements or the visual field. Thus, reframing the problem space 

with its inherent subspaces in basic design education is deemed necessary, so that 

students can be exposed to both types of design problems and have their problem-

solving skills and design-thinking abilities developed. 

2.3.1 Well-defined design problems 

A well-defined design problem is generally defined as one that has a clear solution or 

path forward. These types of problems typically have a specific goal or objective, and 

the necessary information and resources needed to solve the problem are identified. 

Well-defined design problems can be useful in design education, as they provide 

students with a clear understanding of what is expected of them and can help them 

develop specific skills and knowledge(Dorst and Cross, 2001). These types of 

problems may not always be as challenging or engaging as ill-defined problems, which 

are more open-ended and require students to think critically and creatively to find a 

solution.  

2.3.2 Ill-defined design problems 

As defined in the design thinking literature an ill-defined design problem is a problem 

that lacks clear and specific goals, constraints, or requirements (Cross, 1982). It may 

be difficult to articulate or understand, and it may not have a clear or agreed-upon 

solution (Dorst and Cross, 2001). This can make it challenging for designers to come 

up with creative solutions, as they may not have a clear direction or framework to work 

within (Sternberg and Frensch, 1991). These types of problems are often complex and 

open-ended, and they can be difficult for designers to tackle, particularly for novice 

designers. However, the ability to effectively address ill-defined design problems is an 

important skill for novice designers to develop. Since they challenge the students to 

think critically and creatively about design processes and can help them develop 

problem-solving skills and collaborative work habits. 

To address ill-defined design problems is to use design thinking methods, design 

methodologists offer a structured approach to problem-solving that involves empathy, 

experimentation, and iteration, which can be effective for tackling ill-defined design 

problems because it allows designers to explore a wide range of potential solutions 

and to iterate on their designs until they arrive at a satisfactory solution (Cross, 2004). 
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Several studies have explored the use of ill-defined design problems in architectural 

design education. Hernández-Leo et al. (2017) conducted a comparative study that 

found that ill-defined design problems can help students develop problem-solving 

skills and encourage them to think more deeply about design processes. It is found that 

students can learn to effectively navigate and solve these types of problems with proper 

guidance and support. Similarly, Goncher (2009) conducted a study on the impact of 

ill-defined design problems on creativity and design performance in architectural 

design education. They found that while some students may struggle with ill-defined 

design problems, with proper support, they can learn to effectively navigate and solve 

these types of problems.  

Thus, it is possible to state that according to the revisited studies, ill-defined design 

problems are valuable tools in basic design education, helping students to develop 

critical thinking and problem-solving skills, as well as encouraging them to think 

creatively more deeply about design processes. On the other side, the ill-defined 

problem poses an obstacle for first-year students since their level of comprehension is 

not yet adequate to understand the necessities of the implicit problem ( Arum et al., 

2018; Saranlı, 1998). 
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3.  GENERATIVE DEEP LEARNING MODELS 

In this section of the thesis, the literature on image-generative AI algorithms was 

reviewed in terms of the implication of the models in design education and the 

theoretical grounds of the deep learning models. Since it is aimed to generate synthetic 

design solution spaces to evaluate the impact of design problem definitions in the 

scope of this research, reviewing the literature on deep learning models in the 

computational design field is significantly important to highlight the preliminary 

differences between the computational architectures. After reviewing these 

differences, the selection criteria for the suitable AI model as the text-to-image of 

Diffusion Models (DM) were discussed. 

3.1 AI Agents in Design Education  

 The number of researchers that focuses on the implementation of deep learning 

models or AI tools in design education is limited, particularly in basic design studio 

framework. However, recently several studies had explored the implementation ways 

of AI-aided tools into design education to shed light on different aspects of integration 

including pedagogical experiments, knowledge translation, and interdisciplinary 

communication. 

Tong et al. (2023) present a study that explores the integration of traditional design 

representation techniques with AI algorithms in the context of an assignment-based 

course named Visual Communication 1. The assignment involved 64 freshmen 

students from different departments, aiming to enhance interpretation and composition 

skills through the use of AI-generated images and technical drawings. The findings 

indicate the text-to-image AI models positively affect the students' design 

representations and their ability to combine techniques and contribute to their 

interpretation and composition skills. Likewise, Kavakçıoğlu et al.(2022) presented a 

pedagogical experiment of an implementation of an image-to-image GAN model in 

the early stages of design education, to promote student-design representation, student-
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student, and student-artificial intelligence (AI) interactions. They discussed the role of 

AI in these intricate relations as an external medium to act in a see-move-see pattern 

of design, in which the students learn from the design solutions delivered by someone 

else, particularly by synthetic agents.  

Gönen Sorguç et al. (2022) try to demystify the machine learning concept for graduate 

design students by offering a course that emphasizes data literacy, patterns, and various 

models with student-led projects. Despite the challenge of introducing relatively new 

subjects, they stated that the students quickly adapted to the material through a 

problem-based learning approach. The range of project topics varied widely, covering 

areas such as coloring a painting, predicting building eras, and optimizing daylight 

gain. The documented outcomes highlight the interdisciplinary nature of incorporating 

computer science, engineering, and statistics into architectural design. 

Similarly, Khean et al. (2018) proposes the development of a novel educative 

framework to teach architecture students how to implement machine learning in their 

design processes. To inform the conceptualization of the educative module, student-

centered pedagogical strategies were explored. Subsequently, the module was 

implemented in an undergraduate computational design studio, and its effectiveness in 

teaching designers machine learning was evaluated aiming to bridge the knowledge 

gap and foster technological adoption in the architectural industry. 

Sciannamè (2022) emphasized the potential benefits of leveraging machine learning 

systems for designers. By harnessing the transformative influence, empathy, and 

system-level thinking of ML, designers can conceptualize and develop meaningful 

solutions. The need for designers to acquire ML-related knowledge is emphasized in 

terms of language, skills, and competencies. Ethical considerations are also underlined 

in the integration of ML systems into design education. 

3.2 Image Generative Models  

In the computational design field, the usage of machine learning-based algorithms and 

tools has significantly increased. The development of novel design outputs using 

Artificial Neural Networks (ANNs) is becoming a significant threshold in the design 

discourse since it has started to become acknowledged by a wider research community 

as a field that can learn from the existing data to offer a generative synthesis (As et al., 
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2018). Designers tend to generate 2D and 3D design alternatives and expand their 

design solution spaces in remarkably shorter times compared to conventional methods 

of designing, with the introduction of various deep learning algorithms such as 

Generative Adversarial Networks (GAN), Variational Autoencoders (VAE), 

Convolutional Neural Networks (CNN), and Diffusion Models (DM). 

Deep learning is a specialized subfield of machine learning that deals with artificial 

neural networks that have multiple layers (Goodfellow et al., 2016). Deep learning 

algorithms are designed to automatically learn hierarchical representations of data, and 

they are effective in a variety of applications such as image and speech recognition, 

natural language processing, and generative models.  Inspired by the ANN 

architecture, Deep Neural Network (DNN) concepts are defined as "deep" because 

there are numerous hidden layers between the input and output layers, which are also 

connoted as the latent space (Goodfellow et al.,2014). An abstract representation of 

the DNN's inherent layer structure is displayed in Figure 3.1. 

 

Figure 3.1 : Abstract representation of layer structures of a DNN. 

The potential design solutions are discovered by the hidden layers in the latent space 

through training in the case of DNNs. Unlike generative design systems that are 

structured on rules or prior algorithms such as Shape Grammars or L-Shape Systems 

(Stiny, Gips 1972; Lindenmayer,1968), DNNs do not require such rule-based 

generative applications, as the source of generation is the hidden patterns of the 

provided data. Therefore, there is no need to define any rule-based generative 

applications besides training the model. 
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In this wide framework, Diffusion Models (DM) and Generative Adversarial Network 

(GAN) models are considered to outperform other deep learning algorithms in terms 

of image generation performance. GAN algorithms are considered the pioneers of 

image-generative machine learning models, with their two interacting bodies of DNN 

structures in the form of discriminator and generator blocks (Brock et al., 2018; 

Dhariwal and Nichol, 2021). The different variations of image-to-image GAN 

architectures allow the designers to provide paired and unpaired datasets, to train the 

machine to generate novel solution instances for various applications.  

Although the limited scope of the study aims to generate the synthetic design solution 

instances from textural data of the assignment briefs, the literature review also 

included the computational architecture of the image-to-image GAN models, as they 

stand as the prior for the further development of the text-to-image DMs. Following 

that, the literature on the text-to-image diffusion models was reviewed to highlight 

their contributions to the field, and the selection criteria of the DM were explained in 

the following sections 

3.2.1 Image-to-image generative adversarial networks  

Generative Adversarial Networks are a type of deep learning model, proposed by the 

pioneer publication of Goodfellow et al. in 2014 (Goodfellow et al., 2014). Generative 

Adversarial Networks (GANs) have emerged as a promising approach for image-to-

image synthesis, where the goal is to learn a mapping from an input image to an output 

image with a desired property. Since then, GANs hold the state of the art on most 

image generation tasks in a wide range of contexts as measured by sample quality 

metrics (Wang et al., 2020).  

The computational architecture of a GAN model consists of two main components: a 

generator and a discriminator. The generator tries to produce synthetic data that 

resembles real data, while the discriminator tries to distinguish between the synthetic 

data generated by the generator and the real data. The two networks are trained in an 

adversarial manner, with the generator network trying to generate images that fool the 

discriminator network and the discriminator network trying to correctly identify 

generated images (Goodfellow et al., 2014).  In Figure 3.2 the abstracted GAN 

architecture is displayed.  
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One of the important terms in this GAN architecture is the backpropagation, that is 

used to update the weights of both the generator and discriminator networks. The 

backpropagation process is repeated multiple times, alternating between updating the 

discriminator and generator networks ( Han et al.,2016). Over time, the generator 

network learns to produce images that are more similar to real images, and the 

discriminator network becomes better at identifying generated images. Thus, the 

generator losses and discriminator losses, and total loss decrease at the end of the 

training process, significantly.  

 

Figure 3.2 : Abstract representation of GAN model architecture (Weng,2021).  

Recently, several variants of image-to-image GANs have been proposed, including 

Pix2pix (Isola et al., 2017), CycleGAN (Zhu et al., 2017), StarGAN ( Choi, Lee, Kim, 

Choe, 2018), SPADE ( Park et al., 2019), CoGAN (Liu, Tüzel, 2016) and MUNIT ( 

Huang et al., 2018)  among others. These models have been applied to a wide range of 

tasks, including image translation, style transfer, and super-resolution. The success of 

image-to-image GANs has been attributed to their ability to capture high-level 

semantic information and generate images that are both visually appealing and 

semantically coherent (Salimans et al., 2016).  

3.2.2 Text-to-image diffusion models 

The selection of text-to-image Diffusion Models was critical for the study since the 

impact of the ill definitions and well definitions as combined problem definitions were 

expected to be enlightened as a result of this research. The proposed methodology 

requires the generation of a synthetic solution space from the textual description of an 

assignment brief. 

 In the current state of the art, DMs as a part of deep generative models, stand from the 

others as being capable of generating high-quality image samples in a multi-modal 

working environment (Dhariwal and Nichol, 2021). 
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The DM shows similarity In terms of the computational architecture with the GAN 

models, regarding the inherent DNN structure found in common. The main differences 

between are provided data type and the generation workflow. While the image-to-

image GAN models take the visual data as the input and generate the outputs by 

transforming information between the discriminator and generator blocks “real” and 

“fake”; the diffusion models learn to generate images by the noising process of the 

input data. In which the text-to-image diffusion models, process the information taken 

from the text inputs into defined a Markov chain of diffusion steps to slowly add 

random noise to data and then to construct desired data samples from that noise (Weng, 

2021).  

The general understanding in the current state in the field is that the text-to-image 

diffusion models have advantages compared to the other image-generative DL models 

including the GAN models, regarding the three aspects mentioned below:  

Data Availability: The amount of the image data mined from the provided textual data 

available is larger compared to the corresponding image data sets.  Because usually 

the GAN models are trained with specific datasets collected from various sources, 

whereas the text-to-image diffusion models are often speculated to be connected to the 

world wide web, which allows the algorithm to access wider data within a framework 

of controlled environment systems. 

Semantic Representations: Textual descriptions tend to provide more explicit and 

detailed information about the desired image output in various contexts. Thus, it makes 

it easier to generate an image that meets the criteria that are trying to be achieved. 

Attention mechanism: Text-to-image models can be designed to incorporate an 

attention mechanism that focuses on specific parts of the input text when generating 

the image, leading to more fine-grained control over the generated image. It is possible 

to find a certain mechanism to assign “weight” to the text prompts and image prompts 

in those diffusion model interfaces (Midjourney Docs, 2022; OpenAI 2023, 

Dreamstudio AI, 2022).   

Besides, implementation of the DM in a variety of different contexts and tasks is 

possible, ranging from computer vision, natural language processing, temporal data 

modeling, multi-modal modeling, and interdisciplinary applications (Yang et al., 

2022).  
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The variations of the DM can be grouped under three predominant formulations, 

denoising diffusion probabilistic models (DDPMs), score-based generative models 

(SGMs), and stochastic differential equations (Score SDEs) (Ho et al., 2020; Yang et 

al., 2022). Although in the scope of this research, only text-to-image DMs are taken 

into consideration, which are considered as a type of generative denoising diffusion 

probabilistic models (DDPMs). 

 Text-to-image DMs are a type of generative model that uses natural language 

descriptions to generate images that combine techniques from natural language 

processing (NLP) and computer vision to generate images from textual descriptions 

(Cao et al., 2020). The basic architecture of text-to-image DM models can be 

conceived as consisting of two main bodies: Text Encoding ( integration of the NLPs), 

Image Generation ( diffusion process). (Figure 3.3) 

At a high level, text-to-image diffusion models work by first encoding the input text 

description into a latent representation using an NLP model. There are various 

networks inherited by different NLP models such as RNN (Recurrent Neural 

Networks), CNN (Convolutional Neural Networks), and Transformer Networks, etc 

(Özdil et al., 2021). However, the introduction of the transformer network architecture 

made a significant advance in the field, since the prior RNN and CNN algorithms, have 

certain limitations for handling long sequences of text. The Transformer model 

consists of an encoder and a decoder, which are both made up of a stack of identical 

layers. Each layer contains two sub-layers: a self-attention mechanism and a feed-

forward neural network (Guo et al., 2022).  

 

 

Figure 3.3 : A simplified text-to-Image diffusion model flowchart. 

As Vaswani (2017) states in the paper “Attention is all you need”, the attention 

mechanism implemented in the transformer network, enables the text-to-image DM 

models to focus on various parts of the input text during encoding, allowing it to 

capture long-range dependencies between words in a sentence. Moreover, the self-

attention mechanism used in the Transformer architecture allows the model to compute 
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attention weights for each word in the input sequence, which is used to weigh the 

contributions of different words in computing the output representation (Vaswani et 

al., 2017).  

Therefore, it is possible to generate images that closely match the input text 

description, even for complex and nuanced descriptions. This aspect is one of the most 

important features of the model to underline since the initial aim is to generate 

synthetic design spaces with the inherent ill-definitions of design problems given in 

the assignment briefs.  

After the input text is encoded into a latent representation with the help of a 

transformed-based NLP model, this latent representation is used to generate a sequence 

of image features, which are iteratively improved to create a final image using a 

diffusion process (Radford et al., 2018). This diffusion process is built up to generate 

instances from a data distribution by progressively removing noise from a noisy data 

sample, which is done by sequentially applying the same model to the original data 

(Zbinden, 2022; Dhariwal, Nichol, 2021). In other words, inspired by non-equilibrium 

thermodynamics, they define the Markov chain of diffusion steps to slowly add 

random noise to data to learn to reverse the diffusion process to generate data samples 

from the initial noise (Ho et al. 2020; Weiss et al., 2015; Weng,2021). The attention 

mechanism in the transformer network can also aid in capturing long-range 

dependencies in the input text, which can help the model to create more accurate image 

representations (Touvron et al., 2020). Figure 3.4 illustrates the image generation 

process of denoising diffusion probabilistic models.  

 

Figure 3.4 : Workflow of DDPMs (Ho et al., 2020).  
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3.2.2.1 State-of-the-art text-to-image diffusion models  

In the field of image-generative machine learning models, text-to-image DMs are 

considerably new, although there are several text-to-image diffusion models released 

publicly. Three of these models had gained significant popularity among the image 

generative DM’s, regarding their capability of generating images with astonishing 

quality (Borji,2022). In the scope of this research these models, DALL-E 2, Stable 

Diffusion, and Midjourney, are reviewed; regarding their image generation capacities, 

model architectures, domination of them in the field regarding the style of the 

generated visuals, user interfaces, and availability. Table 3.1 compares these three 

models in terms of the aspects mentioned above. As well as in Figure 3.5 all model 

architecture’s image generation processes were displayed as a flowchart, which was 

originally found in a preprint article (Ploennings, Berger, 2022).  

The related lIterature of those models is not as wide as one would expect in an 

academic domain. Because some of these models released in the current state of the 

art are not fully open-sourced, they only allow users to generate images from their user 

interfaces without supplying comprehensive information about the algorithms 

employed and data sources. Following that the three models are reviewed by taking 

into consideration of research papers in the publication processes, the blog posts and 

internet articles are also considered valuable sources during this literature research. 

Since the user experiences and generation documentations are the only solid evidence 

to guide the author to select a text-to-image DM. 

 

Figure 3.5 : The model architecture of the state-of-the-art DMs and image 

generation process flowchart (Ploennings and Berger, 2022). 
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Dall-E 2 

Developed by the OpenAI group, DALL-E was announced to the public in January 

2021 as the first text-to-image diffusion model, that is capable of generating novel 

images from text prompts. However, until the beta release of DALL-E 2 on July 2022, 

the users were not able to generate images. After one million waitlisted individuals 

had accessed the model, the text-to-image diffusion models received extensive 

attention, in terms of “beating the GAN models”, which surpassing the prior generative 

design realm (Dwarfial, Nichol, 2021). However, the source codes of both models, 

DALL-E and DALL-E 2, haven’t been released to the public, yet. Therefore, certain 

information about the model’s architecture is limited, especially about the training data 

set. Although the data sources are still unknown, the research lab stated that the initial 

training includes everyday objects, animals, and scenes as well as more abstract 

concepts such as emotions and relationships. As stated by OpenAI (2023), the model’s 

architecture is based on a transformer-based neural network, that was trained using a 

variant of GPT-3, a highly complex NLP algorithm, which allows generating novel 

image outputs by combining concepts, attributes, and styles. Besides the text-to-image 

generation function, DALL-E models also offer image-to-image translation 

opportunities. 

 However, this process is strictly limited to only the image editing process of in and 

out-painting. Using the in-painting tool the users can erase the parts of the generated 

image and replace the erased part with the objects generated by secondary prompts or 

can enlarge the original size of the image by generating new instances for the frame 

by out-painting. One of the main constraints of the model is the aspect ratio of the 

generated images, which only allows users to generate square formatted images in 

1024x1024 resolution. Besides, the user interface of the model depends on OpenAI’s 

web page, which is often recorded as being suspended due to server limitations.   

Stable Diffusion 

Released in August 2022, the Stable Diffusion model is developed by the CompVis 

group at Ludwig Maximilian University (LMU) Munich (Rombach et al., 2021). 

Unlike the other text-to-image DM’s the source code is available to the users, that can 

be implemented on various applications. The model’s architecture is based on a latent 

DM that resembles the others in terms of inheriting three main computational bodies; 

text encoding by VAE, denoising process by U-Net block, and optional process of text 
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encoding for conditioning the text prompt. The model enables users to give reference 

images as image prompts. The training data are composed of the images and captions 

taken from the LAION-5B dataset, which is publicly available since it is retrieved by 

data crawling from the web (Schuhmann, 2022). Since this large database also includes 

artworks that are subjected to copyright, the Stability AI is harshly criticized by the 

public, especially artists in terms of authorship and authenticity issues (Vincent, 2019). 

Secondly, it is reported that, due to an insufficient amount of data in specific domains 

such as human anatomy, the model produces fail to produce high-resolution images 

for certain applications (Neuroflash, 2023). Although it is possible to train the model 

with new datasets provided by users, the model requires fine-tuning in terms of the 

sensitivity of the quality of the new data. Because low-resolution images generally 

make the machine fail to learn new tasks and degrade the overall performance of the 

model ( Rombach et al., 2021). 

Midjourney  

Developed by an independent research lab that shares the same name with the model, 

Midjourney, released to the public in March 2022 (Edwards, 2023). Likewise the 

DALL-E model, the source code is not open to the public yet, but it is highly speculated 

that the Midjourney uses a similar system to the Stable Diffusion model (Ajaay, 2023). 

The founder of the Midjourney, David Holz (2022), states in an interview that, the 

training dataset of the model is scraped from the public datasets available on the 

Internet. Although he stated that, artistic copyright issues are still a valid concern for 

the model since the generated images by the model are not embedded with metadata 

that clarifies the copyright issues.  One of the major advantages provided by the 

Midjourney is the simple user interface accessed through a Discord server, which 

enables users to control the main characteristics of the generated images i.e. quality, 

style, and aspect ratio. Unlike Stable Diffusion, it does not require any coding skill to 

generate images with the pre-trained model, and also a larger variety of options are 

provided for the end user to change the aspects of the generated image compared with 

DALL-E models. Besides, from various public user channels, it is possible to see the 

other user’s generations and prompts, which are also displayed in the “Community 

Showcase”. In the current state of the art, there are five different versions of the model 

released to the public available in the same discord server, which has been developed 

on top of the others to enhance the image quality, besides adding new stylistic features 
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to the model. From the key parameters provided to users, it is possible to change the 

images’ stylistic qualities, and aspect ratios, as well as it allows to assigning weights 

to prompts and negative prompting. Besides, the ability to generate images from text 

prompts, the model also takes image references as a body of the prompt, to generate a 

novel instance. Another aspect of the Midjourney that differs from the other 

competitors is the stylistic characteristics of the generations. Midjourney is said to be 

proficient at adapting actual art styles to create an image of any combination of things, 

whereas DALL-E and Stable Diffusion models are more focused on generating 

photorealistic outputs (King, 2023). 

Table 3.1 : Comparison of the state-of-the-art text-to-image DM’s. 

  

Training 

data 

Model 

Architecture 

Image Quality Availability 
Image Operation 

Possibilities 

D
A

L
L

-E
 2

 

Large and 

diverse 

dataset 

(data 

sources 

unknown) 

Transformer-based, 

with inherent CLIP 

and GLIDE models 

Highly detailed 

and complex, 

photorealistic 

outputs. The 

aspect ratio is 

limited to a 

square format of 

1024x1024 

resolution. 

As a research project, 

it was not yet publicly 

available until July 

2022. Between July to 

September 2022, the 

users had to sign on a 

waitlist to use the 

model. 

Image editing operations 

with in-and out-painting. 

Users can replace the 

details of images by 

prompting with an 

inpainting tool. Out-

painting is used to 

enlarge the boundaries 

of the original frame. 

S
ta

b
le

 D
if

fu
si

o
n

 

LAION-5B 

Transformer-based, 

VAE and U-Net 

models 

Highly detailed 

and complex, 

photorealistic 

outputs, limited 

to context. The 

aspect ratio is 

flexible. 

A publicly available 

open-sourced model 

since the initial release 

in August 2022. 

Image prompting is 

available with custom 

prompt weights. Image 

editing services are 

provided, as an in-

painting tool. 

M
id

jo
u

r
n

e
y
 Open-

source 

databases 

from Web 

Transformer-based 

High-resolution 

with artistic 

styles, abstract 

representations, 

and game 

environments. 

The aspect ratio 

is flexible 

Publicly available 

since the initial release 

in March 2022, 

commercial usage is 

required to have a 

license. 

Image prompting is 

available, with the 

possibility to assign 

image and prompt 

weights. Although no 

editing services are 

provided. 
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3.2.2.2 Selection of a suitable DM: Midjourney  

Following the initial findings through the review, the Midjourney model is selected to 

conduct the study in terms of the generation of a second synthetic design space, 

according to the different aspects of the models discussed previously. Firstly, the 

availability of the models was a determinant factor for the selection of the model, as 

during the initial phases of this research only the Midjourney model was publicly 

available.  

Secondly, the image prompting operation provided by Midjourney (image-to-image 

translation with text prompts) is one of the most important criteria for the selection. 

Since the design briefs often define a sequential task, that is the final design output is 

generated from further developing the design on top of the previous outcomes of 

assignments/stages. Therefore, it is required to embed the visual output of the previous 

stage, as the input of the following stage as a parent image. Since the DALL-E models 

are primarily focused on editing or enlarging the given visual input, rather than taking 

image input as the prompt. Thus, the Stable Diffusion model and Midjourney model 

are considered the only option that enables the user to use reference images. However, 

since the stable diffusion models image database is limited to the LAION-5B dataset 

in the current version, the performance of the model would not be sufficient to generate 

image outputs in the specified context of the study. Although, it is possible to train the 

model as it is currently open-sourced with the customized image dataset. However, in 

the current scope of the thesis, the required amount of the context-based data of the 

basic design works was insufficient, to train a model that would generate legible 

outputs. Therefore, the Midjourney model is considered the most suitable option 

among the other competitors in terms of its diverse range of datasets and enabling 

image-prompting. 

Besides, the Midjourney community showcase page dedicated to this study would 

provide a controllable environment to reach out to these parent images and their 

prompts during the generation processes. Additionally, the user interface of the 

Midjourney provides a significant advantage to conduct the study, because it is 

relatively faster as it does not require any coding environment to use the pre-trained 

model. 
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Thirdly, the quality and resolution of the generated images is an important criterion 

for the selection of the model. Since the initial aim is to generate a synthetic design 

solution space that is guided by the direct translation of the design briefs into text 

prompts, in which different ratios of design canvases are required. Besides, as stated 

by many users on the web, the Midjourney model is more powerful generate abstract, 

artistic outputs compared to the others, whereas DALL-E and Stable Diffusion are 

more successful to generate photo-realistic images. Since the design outputs expected 

from the basic design studio briefs are expected to be abstract, design objects, and 

compositions; the image generation performance of the model in terms of stylistic 

quality is more important rather than photo-realistic quality. 
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4.  METHODOLOGY  

The aim of this thesis research was defined as analyzing and assessing the impact of 

the problem definitions on the design space of a basic design studio and searching for 

a tool to help students better understand the ill-defined design problems. As discussed 

within the theoretical background, the design space of the conventional basic design 

studio was reframed as follows: Problem Space (PS) was reframed as consisting of the 

written design tasks as given in the form of assignment brief in the basic design studio, 

which contains both ill- and well-defined design problems. Design Solution Space 

(DSS) was considered as the solution process outputs that are developed under the 

guidance of the design briefs.  

The study encompassed a comparative perspective in terms of the two sets of 

assignment brief data collected from different timeframes and design institutions, to 

explore the visual impacts of the implicit and explicit problem definitions in the PSs. 

The first PS, assignment brief data, was collected from the Middle East Technical 

University ARCH 101 Basic Design course between the academic years 2003-2007. 

Whereas the second PS was collected from the Izmir University of Economics FFD 

101 Arts and Design studio from the 2022-2023 academic year. The PSs of these 

design institutions were selected consciously as the cases to conduct the research, since 

both basic design studios shared multiple commonalities, in terms of the grounded 

ecole of Bauhaus and the conduction way of the studio. However, the observed 

sequential pattern of the assignment briefs indicated a significant difference, in terms 

of the definition way of the problems. 

A series of synthetic solution spaces generated by a text-to-image AI tool for both PS 

taken from METU and IUE. The generated DSSs differentiated among themselves in 

terms of being generated under the solo guidance of the brief, or through the 

implementation of a feedback mechanism.  
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As displayed in the study flowchart in Figure 4.1. each set of data was analyzed and 

used as follows. Firstly, the collected data was analyzed, and the selection criteria of 

the related assignment briefs were defined. Then, the assignment brief definitions are 

identified in terms of the inherent ill- and well-defined problems. The second step of 

the method is dedicated to the generation of the synthetic solution spaces by using 

various types of prompts. Lastly, the performances of the DSSs were assessed by 

design expert interviews. 

 

Figure 4.1 : Research flowchart. 
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For each PS, the assignment briefs were translated into the text prompts, by preserving 

the semantic structure of the brief. Using these initial prompts 1st and 2nd DSS were 

generated for each set.  Then, the solution instances in the 1st DSS were subjected to 

a series of feedback sessions held with three design experts. Whereas the 2nd DSS was 

kept as the control group for the further assessment process. The feedback sessions 

held with the three design experts enabled to revise the prompts according to the 

common points highlighted for each solution instance in the 1st DSS. (Figure 4.2) 

 

Figure 4.2 :  Design solution space generation methods.  

The reason for implementing an additional step feedback procedure in the method was 

to document the visual differences in the solution instances generated by the AI tool, 

by solo guidance of the briefs and the revised briefs through the feedback mechanism. 

It also shed light on the potential implementations of the tool in the studio, alluding to 

the critique sessions held in the studio. 

In the third step of the method, the instances of 2nd and 3rd DSS were evaluated by the 

same design experts with semi-structured interviews. The first part of the interview 

consisted of three close-ended questions assessing the performance of the solution 

instances and the explicitness of the brief by ordinal scale rating. Whereas in the 

second part, three open-ended questions were posed to gather the pedagogical insights 

of the experts by comparing the synthetic generation method with their observations 

in the organic solution generation processes in the studio; in order to highlight the 

potential of the implementation of the method as a tool in the basic design studio. 
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4.1 Analyses of the Problem Spaces  

In this section, the analyses and selection criteria of the assignment brief from the 

archival data of two first-year design studios were explained. Firstly, the data collected 

from the Middle East Technical University “ARCH 101: Basic Design Studio” 

between the academic years 2003-2007 was introduced. Secondly, the data of Izmir 

University of Economics “FFD 101: Arts and Design Studio” of the 2022-2023 

academic year was introduced briefly.  

The two sets of assignment brief data were discussed in terms of implicit patterns in 

the assignment brief sequences and pedagogical strategies highlighted during the 

interview sessions. Both sets of archival data were subjected to a series of analyses, to 

identify the ill- and well-defined problems stated in the briefs and to highlight the 

common patterns.  

4.1.1 Introduction of the METU basic design archive data  

The original archival documentation contains analog and digital data between the years 

1986-2007 provided by Tuğyan Aytaç Dural and Mine Özkar, who both taught at 

METU ARCH 101 Basic Design Studio. However, to restrain the research in the 

practical limits of the main inquiry, the materials used in the analysis were selected 

between the years 2003 and 2007, by considering the common sequence observed in 

the selected time frame. As explained in the following in detail, the stages of this 

common pattern can be defined as; abstraction, the definition of the design elements, 

transformation into another medium, and creation of a 2D composition. 

In the analyzed timeframe it was noticed that the assignment briefs were mostly 

defined in a consequent order. In most cases, the stages of the assignment briefs require 

development on top of the previous stage with new problem definitions. During the 

problem identification and DSS generation process, all stages of the brief descriptions 

were considered. However, to limit the number of cases in practical limits, only certain 

cases selected from the analyzed timeframe were further assessed by design expert 

interviews.  

One of the data selection criteria was the dimension of the design medium. The offered 

method of the research proceeds with the generation of 2D images as the design 

solution space instances according to defined briefs, therefore the assignment requires 
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3D compositions to be eliminated from the dataset. Because understanding the 

qualities of the design works would not be possible, due to a lack of photographic data 

that corresponds to each view of the designed object.   

The similarity between the main themes explored in the 2D works produced by the 

students and the brief descriptions given at the beginning of the semester was also 

considered an important factor in the assignment brief selection process. Upon 

analyzing the common themes and requirements across the assignment briefs, it was 

observed that there is a certain sequence implied in the production of the 2D works. 

The sequence started with the abstraction of real-life objects or body parts, and each 

student was required to interpret the described scene or act or object to be utilized as a 

design element in the upcoming stage. During the design interviews with Aytaç-Dural, 

it was recorded that, then there was a pedagogical attempt to use the body as the design 

element to encourage students to socialize with their fellows during the photoshoots 

(Aytaç-Dural, personal communication, 12 April 2023). In some of the cases, it was 

noted that various bodily senses were also used as an element of design that needs to 

be abstracted and transferred into a visual design medium:  

Think of a number of sounds with a single syllabus and find the proper 

positions of the entire human body that will best represent these sounds. You 

are expected to present this work on your own body. (METU ARCH 101 

Archival Data, 2004-2005, Assignment No.2, Stage. 01)  

  The common pattern generally continued in the second step with the implementation 

of these abstracted forms or sounds as the design elements into a composition or a 

pattern. The properties of abstracted design elements were in most cases defined 

explicitly in the assignment brief in terms of the size, color, material, and number:  

Select 3 sounds/positions among these. Ask one of your friends to act as a 

model to document them. Take photos of your model for each position in front 

of both a window and a column along the northwest wall of the studio. Present 

these photos, printed in black and white, on A4 sheets.” (METU ARCH 101, 

2004-2005, Assignment No.2, Stage. 02)  

The third step of the observed common pattern in the brief data was making a 

geometric analysis of the composition (or pattern) on a tracing paper by drawing. The 

importance of the analysis stage was highlighted during the interview sessions as 
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encouraging the novice designers to make use of the regulating lines to find out the 

formal relations of the design elements. Also, the analysis stage was consciously 

designed for enhancing the definitions of the design elements in terms of their 

reproducibility (Aytaç-Dural, personal interview,2023):  

Enlarge two of your photographs with two different backgrounds to A3 size. 

Transform these photographs into measurable and reproducible geometric 

entities. The regulating lines, which will help you to make this geometrical 

study, should be visible on your drawings. Work them out by overlaying A3 

size sketch paper on your photographs.” (METU ARCH 101, 2004-2005, 

Assignment No.2, Stage. 03) 

After improving the formal definitions of design elements, the following step was 

usually requiring the translation of the design work onto a new design medium, in 

terms of extracting the reproducible shapes and forms from the analysis:  

Translate the two studies you have made on sketch paper into a new medium: 

cartridge paper. Use black for one and gray for the other. Obtain the number of 

shapes by extracting the black and gray cartridge paper.” (METU ARCH 101, 

2004-2005, Assignment No.2, Stage. 04) 

The final step of the sequence generally continues with the utilization of the refined 

elements on the visual field by repeating them multiple times and various scales in the 

later stages. In some cases, the number of the element also increases in the stages of 

the same assignment brief:  

Make a two-dimensional composition on white cartridge paper of A3 size using 

the black and gray elements you have already produced. There will be a total 

of 13 elements in your composition. You will also submit the work you have 

done in Stage 01.” (METU ARCH 101, 2004-2005, Assignment No.2, Stage. 

05) 

The expert interviews indicated an implicit agenda in the final stages of the briefs for 

guiding the students to explore the “grouping” issue of the formal relations and design 

elements. These initial groups formed are further encouraged implicitly to be 

organized in the composition by the gestalt principles, although these principles were 

not mentioned in the assignment briefs. 
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The selection of the assignment cases that follows the sequence described above was 

an important determiner to limit the scope of the study. Since the basic design 

education at METU holds on to the strong design traditions that can be traced to 

Bauhaus Ecole (Acar, 2003; Bayırlı, 2015), similar studio procedures might be also 

visible in the former years in the archive starting from 1986. However, in the selected 

period, specifically from the year 2003, it is possible to see the implicit agenda of 

implementation of the visual rule schemas that helps to isolate the essence of the 

problem explicitly, in terms of the formal relations in the 2D organization (Özkar, 

2005). 

 This implicit reference given to the algorithmic process of design is one of the key 

determiners of the selection process. Therefore, the selection of the data collected 

between 2003 and 2007 is a significant discriminator for creating a certain control 

mechanism, for the inquiry that tries to computationally generate various design 

solution spaces. 

In total 28 stages of the assignments brief were analyzed, and solutions were generated. 

However, only selected 16 stages of the briefs were further evaluated in feedback 

sessions and assessed by the design experts.  

4.1.2 Introduction of IUE archival data and selection criteria 

The second set of archival data used in the scope of the study was taken from the Izmir 

University of Economics FFD 101: Arts and Design Studio consisting of the 

assignment briefs given to the first-year students from the 2022-2023 academic year 

fall semester. It is important to note that, the course is not only designed for first-year 

architecture students, unlike the METU ARCH 101 course. The FFD 101 course is one 

of the compulsory courses that is required to be taken by all the design students of the 

IUE, Faculty of Fine Arts and Design. Therefore, the curriculum was designed not 

only for first-year architecture students but also for freshman industrial design, visual 

and graphic communication design, fashion and textile design, and interior 

architecture students.  

Assignment selection criteria were similarly set as in the previous case. The 

assignment briefs and stages that require a generation of the 3D design work were 

eliminated. A total number of 5 assignment briefs were analyzed and assessed with 

their interrelated 24 stages. 
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In the initial analysis procedure of the assignment brief sequences, a common pattern 

was observed similar to the set of METU assignment briefs. The overall structure of 

the studio was designed on the Bauhaus grounds similar to the METU case. This 

similarity can be assumed as a result of the common METU backgrounds of the studio 

coordinators’, and designers’ of the assignment briefs. However, there were several 

alterations observed between the two sequences and the overall explicitness of the 

design briefs. 

As raised during the interview sessions by Aslankan (2023), the initial step of the 

sequence of the METU that had started with the abstraction of the body and senses 

was eliminated from the sequence structure. Instead, the real-life frames or objects 

within their surrounding context were given to the students as the composition to be 

analyzed: 

Make an analysis on all 10 images (aerial photographs of the urban texture) 

(4x4cm each) focusing on; elements and their organization, and compositional 

guidelines. Use tracing paper, define “reproducible elements” that come out of 

the visual field (4x4 cm) of each image. (IEU, FFD 101, 2022-2023, 

Assignment No.4, Stage A) 

The aim of this alteration was further explained as easing the students’ comprehension 

process of the element properties by analyzing an image by drawing regulating lines, 

extracting shapes, and grouping the design elements. Because the current generation 

of students generally has difficulty in understanding and creating a composition from 

an abstraction, since they have not understood what composition is or what it requires 

(Aslankan, 2023). Hence, the first step of the sequence generally starts with an analysis 

of a finished, non-man-made composition on a tracing paper by drawing to extract the 

element properties. 

Secondly, these analyses done on the tracing paper were required to be reproduced by 

changing the scale and increasing the number of the initial analysis. Those copies of 

the analyses act as a design element to be organized on the visual field, to let the 

students discover the relations of the design elements by using regulating lines to 

control the visual field:  

Select 2 out of 10 “analysis”. Reproduce both “analyses” on tracing paper to 

have 12 copies (2x12=24 pieces). Organize the identical 4 copies within an 8x8 
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visual field following 3 different operations separately: Operation 1. 

Mirror/flip, Operation 2. Copy-paste, Operation 3. Rotate (IEU, FFD 101, 

2022-2023, Assignment No.4, Stage B) 

Similar to the case of METU the sequence continues with the translation of the study 

on a new design medium by extracting the shapes and forms from cartridge paper 

through the element definitions from the analysis drawings: 

Revise the initial unit (8x8) if necessary, and make A3-size Full-Pattern using 

cartridge paper with tones (4-5 tones) of a single color (monochromatic). (IEU, 

FFD 101, 2022-2023, Assignment No.4, Stage D) 

4.1.3 Identification of the problem spaces  

The problem definitions stated in the assignment briefs of the PSs of two design 

schools were identified in this chapter of the study. These identifications were further 

used in the assessment procedure to evaluate the performance of the synthetic solution 

spaces in answering various definitions of the problems. 

As discussed in the theoretical background, the definition of the design problem is 

connoted as ill, well, tamed, or wicked, due to the ambiguous nature of the design 

problems. Well-defined design problems refer to design challenges that have clear and 

specific parameters, objectives, and constraints. They are typically structured and offer 

designers a clear understanding of the problem and its context (Cross, 2011; Dorst, 

Cross, 2001). Whereas the ill-defined problems lack clarity and present uncertainty 

and ambiguity for designers. These problems are often complex and multifaceted, with 

a range of potential solutions that may vary depending on the designer's perspective 

and approach (Buchanan, 1992) 

In the scope of the thesis, in terms of focusing on the assignment briefs given in the 

basic design studio, the two of the design problem definitions in the design thinking 

literature were reframed as follows: 

1. Well-Defined Problems:  The statements that explicltly indicate the properties 

of the design elements and the visual field i.e. color, size, number of elements, 

material type, texture, etc.  
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2. Ill-Defined Problems: The statements define abstract concepts and notions 

implicltly, that could challenge novice designers to fully understand the 

requirements of the solution process. 

Table 4.1 exemplifies the identification of the problems stated in the assignment briefs 

taken from METU and, whereas Table 4.2 represents the IUE problem spaces. 

Table 4.1 : Identification of the second brief given to the students in the studio 

of METU in terms of the problem definitions (Y: Year, A: Assignment no., S:Stage). 

Y A S 
BRIEF 

DEFINITION 

ILL- 

DEFINED 

PROBLEMS 

WELL DEFINED 

PROBLEMS 

2
0
0
4

-2
0

0
5
 

2 

1 

Think of number of sounds with a single syllabus and 

find the proper positions of the entire human body that 

will best represent these sounds. You are expected to 
present this work on your own body. 

Representing a sound 
with a single syllabus 

by finding proper 

body positions 
presenting the work on 

the human body 

NA 

2 

Select 3 sounds/positions among these. Ask one of your 
friends to act as a model to document them. Take the 

photos of your model for each position in front of both a 
window and a column along the northwest wall of the 

studio. Present these photos, printed in black and white, 

on A4 sheets. 

Selecting three sounds 
for the following step 

 

black and white 
photo prints in 

different exposures 

3 

Make a two-dimensional composition using half size of 

these photos. You can use each photo only once; that is 

you will have 6 photos to be composed. On the occasion 
of dissatisfaction with the initial photos you have the 

chance to modify them. 

making a composition 
by 

using half-sized 

photos 

6 photos as design 

elements 

4 

Enlarge two of your photographs with two different 

backgrounds to A3 size. Transform these photographs 

into measurable and reproducible geometric entities. The 

regulating lines, which will help you to make this 

geometrical study, should be visible on your drawings. 
Work them out by overlaying A3 size sketch paper on 

your photographs. 

enlarging the scale of 
photographs as design 

elements with two 

different backgrounds 
on A3-sized paper 

use of regulating lines 

 
 

transforming the 
photographs into 

new design 

medium 
measurable and 

geometric entities 

making a 
geometrical study 

Table 4.2 : Identification of the second brief given to the students in the studio 

of IUE in terms of the problem definitions (Y: Year, A: Assignment no., S:Stage). 

Y A S 
BRIEF 

DEFINITION 

ILL- 

DEFINED 

PROBLEMS 

WELL DEFINED 

PROBLEMS 

2
0
2
2

-2
0

2
3
  

2 

a 

The pool of elements is the 9 elements (fruits) 

from Ex 01 Final Submission. Make a 2D 
achromatic composition by using all nine (9) 

elements on an A3-size visual field with only 
black, white and gray paper. You are free to 

change the SIZE of each element except the 

visual field 

making a composition 

using various scales of 
design elements 

-9 design elements, 
free scale 

-achromatic: black, 
gray, and white paper 

-A3-sized visual field 

c 

Revise previous exercise by increasing the 

number of elements to 11. New elements 

should be from the same pool. 

making a composition 

by increasing the 

number of the elements 

11 design elements 

d 
Revise previous by using black, white, gray, 

and a single-color paper. 

making a composition 

by revising the 

previous stage with the 
use of color 

black, white, gray, 
and a single color 

paper 

e 

Make an analysis on Ex 02d submission by 

using pencils and colored pens on tracing 
paper studying HOW to revise Ex 02d. 

Produce at least 3 alternative revisions on 

tracing paper. 

making an analysis of 

how to revise the 

previous stage 
 

pencil and colored 
pencil drawing on 

tracing paper 
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From the observed sequence patterns of two first-year design studios, it is possible to 

state that both studios share multiple common points in the curriculum. On the other 

hand, the degree of the implicitness of the brief varies, as reframed as ill-defined design 

problems, in the scope of the study. The element properties were usually defined 

explicitly in both sets, the organization types and the gestalt principles were not 

mentioned in the briefs. This implicit agenda in the studio procedure is considered an 

intricate part of the basic design pedagogy, for encouraging the novice designer to 

learn by doing in terms of discovering the implicit relations and visual rules on their 

design mediums (van Dooren et al., 2014).  

However, the elimination of the abstraction process from one of the problem spaces 

indicates a substantial difference for the expliticiness between the briefs, when 

comprehension skills of the first-year design students are considered. 

As illustrated in METU basic design studio assignment no.2, stage no. 1 in Table 4.1, 

this difference can be exemplified. Although the brief describes an explicit process to 

be followed by the student to create a design solution, the statement “representing a 

sound of a syllable” can be considered as ambiguous for a novice designer to 

understand especially in the beginning stages of the studio. Whereas, in the second PS 

taken from the IUE first-year design studio, it can be seen that the directional steps 

were more explicitly defined. The impact of these various ways of problem definitions 

was expected to be highlighted on the synthetic DSS as one of the results of the study. 

4.2 Generating the Design Solution Spaces with Diffusion Model  

In this chapter of the thesis, the generation procedures of the DSSs were explained, in 

terms of the translation of the briefs and feedback into text prompts. As discussed 

within the theoretical background chapter, the Midjourney model was selected to 

conduct the study, to generate a design solution by translating assignment briefs into 

text prompts. 

Firstly, to generate design solutions by using the assignment briefs as text prompts 

with the Midjourney model, a certain syntactic and semantic structure of the text 

prompts was required. Besides, since the methodology requires not only the generation 

of a single solution space from a single set of assignment briefs but multiple sets, a 

control mechanism was implemented into the translation procedure of all assignment 
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briefs into text prompts. During the translation process of the assignment briefs, 

several alterations were made to the syntactic structure of the briefs, by preserving the 

semantic structure. These translations of the briefs as text prompts were used to 

generate 1st and 2nd synthetic design solution spaces. The first solution space instances 

were further evaluated by the design expert feedback sessions, the experts were guided 

to give written critiques to the instances displayed under three codes defined by the 

researcher. Whereas the second design solution space was kept as the control group 

for the further assessment procedure. Thus, the feedback sessions procedure and 

revision process of the text prompts were explained to have the revised problem spaces 

to generate the 3rd DSS. 

4.2.1 Translating assignment briefs into text-prompts 

The alterations made to implement a control mechanism in the generation procure were 

explained under three subtitles: syntactic alterations, usage of parameters and versions, 

and image prompting for sequencing the assignment briefs. It is important to underline 

it one more time, the semantic structure of the briefs was preserved during the 

translation since one of the aims of the thesis is to evaluate the impact of the problem 

space over the generated solution spaces.  As discussed in detail as follows, Table 4.3 

exemplifies the alterations made to the briefs during the translation of a case. 

Table 4.3 : Translation of original written statement in assignment briefs into 

text prompts (Y: Year, A: Assignment no.). 

 Y A Design Brief Text-Prompt 

M
E

T
U

 

2
0
0
3

-2
0

0
4
 

5
 (

S
ta

g
e 

1
) 

You are expected to choose three glasses of 
distinctly different forms. Then, you will 

produce a positive and negative mirror images of 

each glass on three separate sheets (25x35cm); 
half black, half white, by cutting and pasting. | 

Sheet size: 25x35 cm. 

/imagine: choose three glasses of distinctly 
different forms. Then produce a positive and 

negative mirror image of each glass on three 

separate sheets, using half of the black paper and 
half of the white paper by cutting and pasting --ar 

35:25 –v 3 

IU
E

 

2
0
2
2

-2
0

2
3
 

1
(a

) 

You will analyze the properties of the 3 fruits of 

your choice separately by using technical 

drawing equipment (ruler & compass). Your 
analysis should identify: 

* the formal (by shape) components; 

* the visual properties (textures, tones, etc.); 
* the proportional relations between different 

components and the whole; 

* the organization of the individual elements that 
compose the fruit. 

 

/imagine: Analysis of formal properties of a 

(strawberry) using technical drawing equipment. 
Analysis should identify formal components by 

shape, the visual properties with textures and 

tones, proportional relations between different 
components and the whole, identify the 

organization of the individual elements that 

compose the fruit, technical drawing, black and 
white pencil drawing --ar 29:21 --v 5 
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4.2.1.1 Syntactic alterations  

The term syntax is defined as the set of rules that determines how words and phrases 

are combined to form grammatically correct and meaningful sentences that convey the 

intended message (Radford, 2004). It involves various linguistic features, such as word 

order, sentence structure, and grammatical markers. Direct usage of the assignment 

briefs would not have been effective since the diffusion model does not share the same 

syntactic rules as humans, making it incapable of comprehending the information in 

its original form. As a result, the necessary syntactic modifications were made to 

ensure that the text prompts provided the essential information and were formulated in 

a manner that the diffusion model could comprehend. 

Firstly, the punctuation of the brief statement was altered. As explained by the user 

manual of the Midjourney, the text prompts given into the model get separated by 

using commas or double columns, to maintain the semantic hierarchy of the prompt 

(Midjourney, 2023). When the assignment tasks are analyzed, it becomes visible that 

there were many commas used in the sentence cases written in the design briefs. 

Therefore, to hold on to the initial definition’s semantic hierarchy, these commas were 

either eliminated or changed with “and”. If the brief was defined as a paragraph, that 

contains two or three sentences, a full stop sign was used in order not to interrupt the 

description process of the task.  

Secondly, the user manual published online by the Midjourney research lab documents 

that, the users should give the numerical information into the prompts by using verbal 

descriptions rather than numbers. Therefore, the statements that defined the numerical 

properties (i.e. repetition time of design elements, size of the elements) using numbers 

were changed with verbal descriptions. 

Thirdly, the expressions stated in the briefs by using personal pronouns or indications 

(i.e. “you”, “you're”, “a group of students”) were eliminated, to avoid 

misinterpretations. During the experimentation, it was noticed that the pronouns used 

in the prompts, deflect the model to depict the designer instead of depicting the design 

work itself. Instead, these sentences were changed into a passive voice to describe the 

expected outcome. This deflection of the model was exemplified in Table 4.4 about 

the usage of the pronouns. 
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Besides, it is visible that generally design brief depicts the material qualities and sizes 

of the design elements, as defined in the scope of this research as well-definitions, in 

the middle part of the sentence cases. However, the initial experimentation proved that 

giving the materialistic information in a separate form by using commas from the rest 

of the definition usually generates images that fit better into the context. Table 4.5 

illustrated the mentioned deflection of the model, in terms of the elements' material 

properties. 

Table 4.4 : Deflection of the image generation due to the usage of pronouns 

while prompting (2004-2005 Fall Semester, Assignment no.5, Stage 1). 

 

Table 4.5 : Prompting hierarchy of the material qualities. 

4.2.1.2 Usage of the versions of the model and parameters  

In the current state, Midjourney provides five versions of the model, that enables users 

to generate images in various contexts. During the initial experimentation in the 

 (a) (b) 

P
ro

m
p

ts
 Using paper-tape of twelve mm you are asked to 

make a composition in which contrast is the most 

perceptible quality. Your paper-tape elements 
should start and end only at the edges of the 

cartridge paper and they should not be adjacent. 

Using paper tape of twelve mm make a composition 

in which contrast is the most perceptible quality. 

Paper-tape elements should start and end only at the 
edges of the cartridge paper and paper tapes should 

not be adjacent, black cartridge paper, paper tape 

G
en

er
a

te
d

 I
m

a
g
e
  

  

 (a) (b) 

P
ro

m
p

t 

(image prompt from the previous stage), make a 

full-pattern using cartridge paper with the tones of 

blue --ar 42:29 --v 5 

image prompt from the previous stage), make a 

full-pattern using cartridge paper with the tones of 
blue, four tones of blue paper cut elements, blue 

cartridge paper  --ar 42:29 --v 5 

G
en

er
a

te
d

 I
m

a
g
e
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generation process, all versions of the models and the usage of the parameters were 

tested.  Although there is a lack of academic literature for the comparison of the 

versions of Midjourney in the current state, users state worldwide that there are severe 

differences between the versions regarding the visual styles of the generated images 

(Sky, 2022; Merzmensch, 2022).   

The latest versions of the model, versions 3, 4and 5 considered superior to the earlier 

versions of the model in terms of the generated image resolution and the stylistic 

quality. For instance, v1 provides 256x256 resolution images as the starting grid, 

whereas version 5 can generate 1024x1024 images. Also, the users stated that the 

overall performance of the model to comprehend the semantic structure of the text 

prompt had been strengthened by the release of later versions (Uni Matrix Zero, 2023).   

There are also stylistic differences documented on the generated images between the 

different versions of the model by using the same text prompt with different prompts. 

For instance, versions 4 and 5 are able to generate more photorealistic and extremely 

detailed outputs, version 3 performs well in generating abstract artwork. Although 

version 4 is considered as one of the most powerful versions by public opinion, the 

model has its limitations in terms of the parameters. Because in the current state, the 

fourth version does not allow the user to generate image outputs with aspect ratios 

different than 1:1,3:2 and 2:3. And since the selected design briefs generally require a 

variety of canvas ratios besides the ones listed above, the usage of the version 4 is 

eliminated for the scope of the study. Therefore, during the generation process, only 

two versions of the model were used: Version 5 was preferred for the stages that 

require taking image references from the exterior context of the studio (i.e. analysis of 

a real-world object). Whereas version 3 was used for the abstraction and composition 

processes.  

Secondly, the Midjourney model provides a variety of built-in parameters to alter the 

dimension of the generated image or to enhance the quality of the image and 

correspondence level to the text prompt:  

1. Aspect Ratio:  One of the most frequently used parameters during the 

generation process was the aspect ratio parameter. In the default mode, the 

model generates all the solution instances in a square format (1:1) (Midjourney, 

2023). Since the dimension of the visual mediums were defined variously in 
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the briefs, the size of the design medium was controlled by the aspect ratio 

parameter as prompted as “—ar X: Y” .  While the numerical input of “X” 

defines the width of the generated image, “Y” defines the height. Table 4.6 

illustrates the case with the usage of different aspect ratio parameters from the 

PS of IUE, Assignment 2, Stage A. 

Table 4.6 : Usage of the aspect ratio (--ar) parameter. 

 

2. Prompt Weights and Negative Prompting:  Diffusion models work by 

conditioning the cross-attention layers of the diffusion model with 

contextualized text embeddings (Hugging Face, 2023). In other words, the 

Midjourney model enables users to emphasize or de-emphasize certain parts of 

the prompts, by the inherent transformer-based attention mechanism of the 

model. As the documentation guide states, the default weight for each text 

prompt separated by the usage of commas is set to 1. During the solution 

generation with longer text prompts that describe multiple requirements for the 

design task, it was noticed that the model starts to deflect by adding irrelevant 

objects to the generated scenes. To avoid that situation in those cases, both 

positive and negative prompt weights were used. The prompts weights were 

increased by the usage of double columns (i.e. xxx ::2, xxx) and negative 

prompts were used by adding the “—no” parameter at the end of the prompt. 

It enabled the model to perform to generate output that corresponds better to 

 (a) (b) 

P
r
o
m

p
ts

 

(image prompt from the previous stage), The 
pool of elements is the nine elements from the 

image prompt, Make a 2D achromatic composition 

by using all nine elements on visual field with only 
black, white and gray paper. It is free to change the 

size of each element except the visual field   --seed 

584003524 --iw 2 –v5 

(image prompt from the previous stage), The pool 
of elements is the nine elements from the image 

prompt, Make a 2D achromatic composition by using 

all nine elements on visual field with only black, 
white and gray paper. It is free to change the size of 

each element except the visual field   --seed 

584003524 --iw 2  --ar 42:29 –v5 
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the defined context of the brief. Table 4.7 illustrates the impact of using the 

prompt weights on an exemplary case. 

Table 4.7 : Usage of the prompt weights. 

 

 

 

 

 

 

 

 

 

3. Seed Value: Seed value in the diffusion models is a random number used to 

initialize the generation unless it is not specified (Midjourney, 2023). Since the 

diffusion models are able to produce myriad variations of the images with a 

single prompt, the seed parameter enables a control mechanism to produce 

similar ending images. Thus, the same seed values were used for the generating 

instances for interrelated stages of the briefs. 

4.2.1.3 Sequencing the briefs by image prompting 

In addition to the text prompts, image instances were used as reference images by 

image prompting. As discussed before within the introduction of the assignment brief 

data the problem spaces were consisting of the assignment sequences with interrelated 

stages. Hence, the design solution of the previous stages evolves into a part of the 

design problem for the upcoming stage as a reference. To keep the same understanding 

of the studio, while generating a synthetic design solution space by a diffusion model, 

the assignment briefs are given as following the same sequence. Therefore, the prior 

design output generated by the brief of the previous stage was given in to model as an 

image prompt with the text-prompt version of the brief of the upcoming stage. Thus, 

it is possible to follow up the development process of the design idea within the defined 

 (a) (b) 

P
r
o
m

p
ts

 

(image prompt from the previous stage), Make 

a geometrical study by drawing regulating lines 

on the composition. Reproduce this study on 
white cartridge paper. Work on alternative 

rendering of chosen areas in between the 

regulating lines. Produce nine copies each of 
which to act as one unit of the coming stage, 

white cartridge paper –seed 43846387 –v3 

(image prompt from the previous stage), Make a 

geometrical study by drawing regulating lines on 

the composition. Reproduce this study on white 
cartridge paper. Work on alternative rendering of 

chosen areas in between the regulating lines. 

Produce nine copies each of which to act as one 
unit of the coming stage ::2, white cartridge 

paper  --iw 4 –no tree –seed 43846387 –v3 

G
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a
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sequence. Table 4.8 illustrates the usage of image prompts in the sequential assignment 

briefs.  

Table 4.8 : Sequencing the assignment briefs with image references. 

A S BRIEF PROMPTS  1ST DSS  2ND DSS 

2 

a 

Choose one of the 
routes/areas below. 1. 

Alsancak – Pasaport 2. 

Karşıyaka – Bostanlı 
3. Kemeraltı. Walk 

within the boundaries 

of the area you 
selected. Take various 

photographs by paying 

attention to any type of 

“rhythm and 

repetition” you might 

observe. Take at least 
50 photos and print 5 

photographs (black & 

white) by scaling on 
A4 size paper (fit-to-

paper). Bring the 

photographs to the 
class. 

Walk within the 

boundaries of the 
{Alsancak – Pasaport,  

Karşıyaka – Bostanlı, 

Kemeraltı}. Take 
various photographs 

by paying attention to 

any type of rhythm 

and repetition. Print 

five black and white 

photographs, black 
and white 

photographs, rhythm 

and repetition, 
photorealistic --ar 

29:21 --v 5 

  

b 

Put A5-size tracing 

paper on  photograph 
and make a 

compositional analysis 

focusing on the 
repeating elements and 

their organization. Use 

your drawing 
equipment and as 

many tracing sheets as 

you need. You are free 
to use any type of 

hatching technique to 
identify the 

elements/groups. 

(image prompt from 

the Stage 2a output), 

make a compositional 
analysis focusing on 

the repeating elements 

and their organization. 
Use drawing 

equipment and tracing 

paper, hatching 

techniques to identify 

the elements and 
groups, analysis on 

tracing paper --iw 2 --

ar 21:29 --v 3 

  

Make 5 identical 

copies of the analysis 

with black marker (or 
a similar pen). 

Make a rhythmic 

composition by 
overlapping all 5 

copies (of A5) on an 

A3-size white visual 
field. 

(image prompt from 

the Stage 2b (1) 

output),make five 

identical copies with 
black marker. Make a 

rhythmic composition 

by overlapping five 
transparent tracing 

paper, black and 

white, marker drawing 
on tracing paper  --ar 

42:29 

  

c 

Considering the panel 

critique, revise Ex 03a 
(both the analysis and 

the composition). You 

may change the 
photograph if 

necessary. 

Transfer the overall 
composition by 

drawing it on a 
separate A3-size white 

visual field. 

(image prompt from 

the Stage 2b (2) 

output), Transfer the 

overall composition by 

drawing it on a white 
visual field --ar 42:29   
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4.2.2 Feedback sessions  

After generating the first and second synthetic design solution spaces by prompting 

the assignment briefs into a diffusion model, a series of feedback sessions were 

conducted with three design experts to collect the feedback. The review sessions were 

conducted one by one and each session lasted three hours, approximately. The 

instances of the first design solution spaces were displayed to the reviewers, whereas 

the second solution spaces generated through the same text prompts were kept as the 

control group for the following assessment stage.  

The total number of 40 synthetic design solution space instances were evaluated by 

each design expert during the feedback sessions individually. 16 of these solution 

instances were generated by the assignment brief data taken from the METU ARCH 

101 archive, whereas the rest 24 solution instances were generated through the IUE 

FFD 101 archive.  

All three design experts chosen for the feedback procedure had experience in teaching 

the foundational design studio for more than ten years. Also, three design experts share 

a common Bachelor of Architecture Education background from METU from different 

timeframes.  Besides, it is significantly important to highlight that, all three design 

experts were also involved in the design process of at least one set of the assignment 

briefs used in the scope of this thesis. Hence, each design expert was already familiar 

with the sets of assignment briefs. As well as they had observed the solution-generation 

process of the first-year design students during at least one of the studio procedures. 

Participant 1 has experience in instructing in the first-year design studio for 15 years 

and has been coordinating the IUE, FFD 101: Arts and Design Studio since 2017.  The 

first participant was also familiar with the assignment set of the METU since the 

selected timeframe of the assignment briefs coincides with his undergraduate and 

graduate studies in METU. 

Participant 2 is the most experienced first-year design studio instructor among the 

other participants in the focus group, with more than 25 years of teaching experience 

in both METU and IUE. The expert had involved in the design process of the METU 

ARCH 101 assignment briefs in the analyzed timeframe. Besides, the expert was the 

lead designer of the IUE FFD 101 course curriculum during the initial setup phases of 

the IUE Faculty of Fine Arts and Design and coordinated the studio until 2017. 
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Participant 3 has also teaching experience in FFD 101 first-year design studio for more 

than five years and had been the design process of the assignment briefs in the selected 

time period. 

At the beginning of each session, the aims and scope of the thesis were explained 

briefly. Also, the generation method of the solution spaces was explained. The design 

experts were guided by the researcher to give feedback for each solution instance by 

the guidance of the three following codes:  

1. Element Properties: The definitions of the elements of the design work, in terms of 

using the full potential of the material, scale, color, and texture properties. 

2. Organization: The skills of organizing the design elements on the visual field, in 

terms of searching for formal relations between the elements and overall control 

mechanism for the composition through the operations and transformations derived 

from the gestalt principles. 

3. Design Themes: The visual implication of the design themes such as dominance, 

balance, contrast, hierarchy, rhythm, etc. 

After the feedbacks were collected through three semi-structured interview sessions 

with the design experts, the common points mentioned by the design experts are 

highlighted by a congruency analysis. The feedbacks given for each solution instance 

under three main codes are identified using spreadsheets, to analyze the collected 

feedback data. The feedbacks given for each code were composed into one, 

considering the common points highlighted by reviewers. Table 4.9 exemplifies one 

of the cases from METU briefs and the corresponding 1st DSS instance, whereas Table 

4.10 displays the feedback outputs. 

Table 4.9 : Assignment brief and the corresponding synthetic solution 

instance of 1st DSS of METU (2006-2007, Assignment 7, Stage 2). 

A
ss

ig
n

m
en

t 

B
ri

ef
 

… Now that you have a better understanding of the parts and the whole of your composition, derive from 

your tracing study six abstract elements for a new two-dimensional composition.Keeping in mind the 
ordering principles in your previous composition, make a two dimensional composition with the newly 

derived elements on a sheet of 35 cm x 50 cm. Work with one of contrast (selected for the case), balance, 

harmony, or hierarchy as the dominant theme of the composition. You may use the elements in varying 
size.Materials: Paper, grey, craft paper, one other two dimensional material of your choice 
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Table 4.9 (continued): Assignment brief and the corresponding synthetic solution 

instance of 1st DSS of METU (2006-2007, Assignment 7, Stage 2). 

1
st

 D
S

S
 i

n
st

an
ce

 

 

 

Table 4.10 : Composing the feedbacks according to the defined three codes 

(DE: Design Experts). 

DE (1) Element Properties (2) Organization 
(3) Design Themes 

 

1 

The number of the elements should 

have been decreased, by grouping 

the elements. 

The visual field should have been 

controlled. The composition 

organization is linear, different 
formal relations are encouraged. 

Formal relations of the elements 

are arbitrary. 

Intention of creating a contrast 

between the black circles and white 

linear elements are legible, but 
other relations should have been 

searched to highlight the “contrast” 

as design theme. 

2 

The number of the elements should 

have been decreased, by grouping. 

Employing the group of elements 
in various scales can contribute to 

the design theme. 

The order of the composition is not 

visible, therefore the composition 
is not reproducible. 

Applying the design theme by 

using contrasting colors of black 

and white is visible, however its 
needs to be enhanced by other 

types of formal relations. 

3 

Scale of the elements needs to be 

controlled. Element number should 

be decreased, by grouping. 

Transition from the previous work 
is not visible. Overlapping 

relations of the elements should be 

reconsidered by controlling the 
proximity. 

The contrast as the dominant 

design theme is visible in the 

overall composition. 

C
o

m
p
o
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d

 F
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d
b
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The number of elements used in 

the composition should have been 
decreased by grouping them 

together. Employing these groups 

in various scales can contribute to 
the design theme. 

The composition should be 

organized in a way that controls the 
visual field and formal relations 

between elements that is 

reproducible. Transitions from 
previous work should be apparent. 

The proximity and overlapping 

relations of the elements should be 
reconsidered. 

 
The design theme of contrast 

between black and white is visible 

in the composition but needs to be 
enhanced by exploring other types 

of formal relations to highlight it 

more effectively. 

4.2.2.1 Revision of the text-prompts 

Following the congruency analyses, the new text prompts were structured by revising 

the original assignment brief statements according to the composed feedback for each 

code defined in terms of the element properties, organization, and design theme. The 

keywords were extracted from each composed feedback and added to the original 

briefs by reconsidering the semantic structure of the brief.  
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The main difference in between the translation process into text-prompts from the 

initial stage was re-formulating the sentence cases in the brief. Since one of the aims 

is evaluating the impact of the problem definitions in the assignment briefs on the 

generated solutions, the semantic organization of the briefs were not altered during the 

generation process of 1st and 2nd DSSs. However, during the generation of the 3rd DSSs 

the required revisions were made by adding the keywords obtained from the feedback 

sessions and also restructuring the sentence cases. 

Following the composed feedback displayed in Table 4.10, Table 4.11 demonstrates 

the extracted keywords from the feedback, the revised new text prompt, and the 

generated solution instance.  

Table 4.11 : Revision of the text prompts through the composed feedback. 
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1 Less number of elements, grouping, various scales 

2 
Controlling the visual field, consideration of the formal relations, reproducibility, control of the 

proximity, no overlap, transition from previous work (image weight increased) 

3 contrasting formal relationships, black and white contrast 

R
ev

is
ed

 t
ex

t-
p

ro
m

p
t (image prompt from previous stage), 

two-dimensional composition using less 

number of elements derived from the 

image prompt in various scales, groups 
of elements, consider ordering 

principles, control of the visual field, 

contrast as the dominant design theme, 
black and white and gray and craft paper 

–ar 50:35 –iw 2 –no overlap –v 5 

 

4.3 Assessment of Synthetic Design Spaces of the Basic Design Studios through 

the Design Expert Interviews 

In order to highlight the impact of the design problems stated in the assignment brief, 

the suggested methodology intends to evaluate the visual implications of ill-defined 

and well-defined problems on the generated synthetic solution spaces. The problem 

definitions of the given briefs were translated into text prompts to generate synthetic 

solutions by preserving their semantic structure. Since the design solution generation 

is not only bounded by the assignment briefs given in the studio but also by the 

feedback of the studio instructors, a layer of feedback process was also added to the 

generation mechanisms. Therefore, the initial generations of the synthetic design space 
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were reviewed by a design expert, alluding to the conventional studio procedure. Then 

a revised set of design solutions were generated, by transforming those feedbacks into 

the text prompts, in addition to the initial solutions as given as image-prompt.  

Thus, in total three different design solution spaces were generated in the scope of the 

research, aiming to elucidate different aspects of the design problems and the process 

of the design solutions delivered. These three synthetic design solution spaces were: 

First Design Solution Space: Generated through the solo guidance of the assignment 

briefs. 

Second Design Solution Space: Generated through the solo guidance of the assignment 

briefs and kept as the control group for the assessment without any alteration or 

revision. 

Third Design Solution Space: Generated through the guidance of the revised text 

prompts by reconsidering assignment briefs through the feedback outputs. 

The first and second solution space instances were expected to show the visual aspects 

of only the problems defined in the assignment briefs.  Whereas the third solution 

space was expected to show the impact of the implicit requirements that the problem 

states, which conventionally get explained to the students in the studio procedure.  

Thus, the performance of the 2nd and 3rd solution spaces were assessed by the same 

design experts in semi-structured interviews conducted in two parts. The first part of 

the interview is designed to retrieve the quantitative data by asking the participants to 

rate each case on an ordinal scale (1 = poor; 2 = poor-average; 3 = average; 4 = 

average-excellent; 5 = excellent), in terms of three questions asked. Whereas the 

second part focuses on retrieving the implications of the participants on the various 

design spaces provided by the open-ended questions in detail. 

4.3.1 Materials  

For both assessment procedures, the provided materials consist of the second and the 

third design solution space instances given with the corresponding total number of 40 

cases of assignment briefs and interrelated stages of the two design institutions. All 

reviewers evaluated the design solution spaces following the same chronological 

order, starting from the 16 METU cases, and continued to evaluate the 24 cases of 

IUE. Two sets of visual material displaying the assignment briefs and the 



60 

corresponding design solution instances of the 2nd and 3rd DSS were distributed to the 

participants, in addition to the rating sheet for the quantitative part. 

Table 4.12 displays a part of the visual material for the assessment procedure that 

demonstrates the 2nd and 3rd solution space instances of METU and Table 4.13 shows 

similarly the IUE solution space instances.  

Table 4.12 : A part of the visual material displaying 2nd and 3rd design 

solution space instances and corresponding briefs of METU from 2004-2005. 

A. S. Brief 

2 2 

Select 3 sounds/positions among these. Ask one of your friends to act as a model to document them. Take the 

photos of your model for each position in front of both a window and a column along the northwest wall of the 

studio. Present these photos, printed in black and white, on A4 sheets. 
2nd DSS 3rd DSS 

  

  Brief 

2 3 

Make a two-dimensional composition using half size of these photos. You can use each photo only once; that is 
you will have 6 photos to be composed. On the occasion of dissatisfaction with the initial photos you have the 

chance to modify them. 

2nd DSS 3rd DSS 

  

3 

 
 

1 

Brief 
Enlarge two of your photographs with two different backgrounds to A3 size.Transform these photographs into 

measurable and reproducible geometric entities. The regulating lines, which will help you to make this 

geometrical study, should be visible on your drawings.Work them out by overlaying A3 size sketch paper on 
your photographs. 

2nd DSS 3rd DSS 

  

2 

Brief 

Translate the two studies you have made on sketch paper into a new medium: cartridge paper. Use black for one 
and gray for the other. Obtain number of shapes by extracting the black and gray cartridge paper. 
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Table 4.12 (continued): Part of the visual material displaying 2nd and 3rd design 

solution space instances and the corresponding briefs of METU from 2004-2005. 

 

3 2 

2nd DSS 3rd DSS 

  

4 

1 

Brief 

Choose three elements among the ones you have produced for the second stage of your previous assignment. Make 
a composition with these on a 29.7x29.7 cm cartridge paper. You can change the size of these three elements. 

2nd DSS 3rd DSS 

  

2 

Brief 

Make a geometrical study by drawing regulating lines on your composition that you have made in Stage 01. 
Reproduce this study on a 21.2x21.2 cm white cartridge paper. Work on alternative rendering of chosen areas in 

between the regulating lines. Produce nine copies, each of which to act as one unit of the coming stage. 

2nd DSS 3rd DSS 
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Table 4.13 : A part of the visual material displaying 2nd and 3rd design 

solution space instances and the corresponding briefs of IUE from  2022-

2023. 

A. S. Brief  

4 

A1 

Make an analysis on all 10 images (4x4cm each) focusing on; 

Elements and their organization, compositional guidelines. Using tracing paper, define “reproducible 

elements” that come out of the visual field (4x4 cm) of each image. 

 
2nd DSS 3rd DSS 

  

A2 

Brief 

Select 2 out of 10 “analysis” 
> Reproduce both “analysis” on tracing paper to have 12 copies. (2x12=24 pieces) 

> Organize the identical 4 copies within a 8x8 visual field following 3 different operations separately: 

Operation 1. Mirror/flip, Operation 2. Copy-paste, Operation 3. Rotate 
2nd DSS 3rd DSS 

  

A3 

Brief 

Enlarge two of your photographs with two different backgrounds to A3 size.Transform these photographs 

into measurable and reproducible geometric entities. The regulating lines, which will help you to make this 
geometrical study, should be visible on your drawings.Work them out by overlaying A3 size sketch paper on 

your photographs. 

2nd DSS 3rd DSS 
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Table 4.13 (continued): Part of the visual material displaying 2nd and 3rd design 

solution space instances and the corresponding briefs of IUE from 2022-2023. 

4 

b  

1 

Brief 

*Revise the image or the 4x4 element if necessary. 
*Make a full pattern by using the selected 8x8 unit element on an A4-size white visual field (fill all the 

VF). Produce two-copies of A4: 

(1) shading with regular drawing pencils with 5 different tones (H, HB, B, 2B, 3B) 
2nd DSS 3rd DSS 

  

b 

2 

Brief 

*Revise the image or the 4x4 element if necessary. 

*Make a full pattern by using the selected 8x8 unit element on an A4-size white visual field (fill all the 
VF). Produce two-copies of A4: 

(2) shading with color pencil (5 different tones of a single color) 
2nd DSS 3rd DSS 

  

c 

1 

Brief 

Following critiques; 

Revise the initial unit - 8x8 on a separate tracing paper. Pay attention: 

Reproducibility of the elements that compose the unit,Network of relations generated by the chosen 

operation on four 4x4 units ,Emerging new elements. 

2nd DSS 3rd DSS 

  
  Brief 

  

Fill an area of 24x24cm by drawing full units on a new tracing paper. 

Using a regular drawing pencil, give a code of shading for each element and shade the central 8x8 
initial unit. 

  2nd DSS 3rd DSS 

 
c 
2 
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Table 4.13 (continued): Part of the visual material displaying 2nd and 3rd design 

solution space instances and the corresponding briefs of IUE from 2022-2023. 

  Brief  

  
Revise the initial unit (8x8) if necessary, 

Make A3-size Full-Pattern using cartridge paper with tones (4-5 tones) of a single color 

(monochromatic). 

  2nd DSS 3rd DSS 

 
c 
3 

  

4.3.2 Quantitative assessments 

The first part of one-to-one interviews with the design experts started by explaining 

the difference in the generation method of the 2nd and 3rd synthetic solution spaces that 

would be displayed. In order to assess the impact of the implicitness of the brief 

definition on the solutions generated, design experts were asked to evaluate the overall 

explicitness of the design problem as first. The required explanation was made to guide 

the raters regarding definitions of the ill- and well-defined problems as reframed in the 

scope of the thesis as follows: 

*1 Ill-Defined Problems: The statements that define abstract concepts and notions 

implicitly. In which, each designer might interpret the problem variously and attempt 

multiple ways of solution generation. 

*2Well-Defined Problems: The statements that define the properties of the design 

works and design elements i.e., dimension of the visual field; number, material, 

texture, color, and scale of the elements; creation method (drawing, cutting and 

pasting) etc. 

Secondly, three design experts were asked to rate the solution spaces performances. 

The three questions posed to the participants, as follows:  

(Q1) Please rate the overall explicitness of the brief definition in terms of the inherent 

ill-defined problems. 

(Q2) Please rate the performance of the solution instances of the 2nd and 3rd design 

solution space in terms of answering the “well-defined problems” on the design 

solution. 
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(Q3) Please rate the overall compositional (design work) quality of the solution 

instances of the 2nd and 3rd design solution spaces. 

4.3.3 Qualitative assessments  

After the first stage had been completed and the rating for all cases collected, the 

second part of the interview started with open-ended questions. Following four open-

ended questions posed to each participant, to evaluate the performance of two design 

spaces in terms of the visual impacts of the feedback process and design problems on 

the generated solutions: 

1. Do you think that the clarity of the assignment briefs has an impact on the overall 

performance of the synthetic design solution spaces? Based on your experience in 

the first-year design studio, how do you compare the solution-generation process 

of students and AI-tool in terms of the impact of the brief?  

2. Can you comment on the following statement: If current deflections of the model 

are disregarded in terms of answering the requirements of the well-defined 

problems (element numbers, materials, scales, lack of transitions of the solutions 

from the previous stages), the implication of the model as a tool in the studio would 

help students better understand the abstract concepts and principles of the basic 

design studio, as reframed in the scope of this study as, ill-defined problems. 

3.  Can you comment on the potential advantages and disadvantages of the 

hypothetical case of integration of the text-to-image diffusion models as a tool of 

basic design studio, for enlarging the design space of the studio during the panel 

critique sessions? 

4.3.4 Assessment of the interview data  

For assessing the quantitative data outcomes of the first stage of the interviews, an 

inter-rater agreement is used. As the inter-rater agreement parameter is commonly used 

in the design education research methodologies to understand to the extent which raters 

assign the same score for each case being rated (Taneri, 2021). The interrater 

agreement defined by standard deviation is calculated for each question, in terms of 

two design experts’ ratings by for each solution space evaluated under each question 

asked. For each case, the overall evaluation that has less than one standard deviation 

is considered similar.  
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In order to evaluate the qualitative assessments, the second part of the interview is 

voice-recorded with the consent of the participants. The audio is auto-transcribed into 

the written format by AI-aided Speech-to-Text API by Google Cloud. 
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5.  RESULTS AND DISCUSSION 

The results of the interview were evaluated to highlight the aims of the research 

defined initially as, evaluating the impact of the problem space on the synthetic design 

solution spaces in terms of the inherent ill- and well definitions of the briefs; and 

elucidating the potential of integrating text-to-image AI tools into the basic design 

studio to help the students better understand the implicit concepts conveyed in the 

studio process.  

The explicitness of the assignment briefs and the performance of design solutions in 

answering the well-defined problems and the overall quality of the design works were 

assessed by design expert rates according to the questions asked.  

Firstly, the overall results displaying the mean rates given by each design expert for 

two design spaces were discussed. Secondly, the assessment results were evaluated in 

terms of two comparative methods to elucidate the two primary aims of the research. 

The impact of the explicitness of the briefs on the overall quality of the generated 

solutions was evaluated by comparing the results of two design spaces of METU and 

IUE. Following that, the impact of the feedback process on the design solution spaces 

was measured, by comparing the performance of the 2nd and 3rd design solution 

spaces that they differ in terms of including and excluding a feedback mechanism. 

Hence, it is possible to make an inference from the assessment results to highlight the 

current limitations of the AI tool in certain contexts and discuss the future potential. 

Moreover, the qualitative assessments were used to indicate and discuss potential 

advantages and disadvantages of the implementation of the text-to-image AI tool into 

the basic design studio from a pedagogical perspective. 

5.1 Evaluation of the Quantitative Data  

The results of the quantitative data were evaluated for each design space separately, 

by calculating the mean of the design experts’ rates given for the explicitness of the 
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brief and each design solution performance. Table 5.1 displays the design experts’ 

average rates of the 16 displayed cases from the design space of METU, according to 

the three questions asked. Similarly, Table 5.2 demonstrates the mean rates of 24 cases 

of design space of IUE. 

Table 5.1 : Quantitative assessment results of the design space of the METU.  

METU 

Design 

Expert 

The explicitness 

of the brief 

(Q1) 

2nd Design Solution Space 3rd  Design Solution Space 
Performance of 

answering well-

definitions 
(Q2) 

The overall 

quality of the 

design solution 
(Q3) 

Performance of 

answering well-

definitions 
(Q2) 

The overall 

quality of the 

design solution 
(Q3) 

1 2,5 1,7 1,3 2,4 2,5 

2 3,9 1,3 1,3 1,6 2,3 

3 3,3 1,3 1,7 1,6 2,7 

Mean 3,2 1,4 1,4 1,9 2,5 

 

Table 5.2 : Quantitative assessment results of the design space of the IUE. 

IUE 

Design 

Expert 

The explicitness 

of the brief 

(Q1) 

2nd Design Solution Space 3rd  Design Solution Space 
Performance of 

answering well-

definitions 
(Q2) 

The overall 

quality of the 

design solution 
(Q3) 

Performance of 
answering well-

definitions (Q2) 

The overall 

quality of the 

design solution 
(Q3) 

1 4,3 2,0 2,0 2,9 3,0 

2 3,9 1,7 2,0 2,3 2,4 

3 4,4 1,6 2,3 2,1 3,2 

Mean 4,2 1,8 2,1 2,4 2,9 

 

The overall results displayed in Table 5.1 and 5.2 indicates that, all synthetic design 

solutions generated by the text-to-image diffusion model performed below the average 

for both answering the design problem requirements in terms of the well definitions 

and the overall quality of the design solution. However, the feedback mechanism 

applied in the generation method of the 3rd solution space increased the performance 

of the design solutions for overall quality and performance in answering the problem 

requirements. 

However, the comparative evaluations of the data in terms of the two institutions' 

design spaces and the performance of 2nd and 3rd DSSs contributes to the research 

findings and valuable insights into the importance of the problem definition and 

feedback process.  
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5.1.1 Impact of the problem space on the design solution spaces 

The assessment made clear that the text-to-image AI model is limited to providing 

solid answers to the well-defined design problems in the current state, due to the 

limitations of the model. However, the comparison of design spaces of two different 

time frames contributes to the discussion in terms of the impact of the brief definitions 

on the generated solution performances.  Figure 5.1 demonstrates the assessment 

results of METU and IUE problem spaces comparatively.  

 

Figure 5.1 : Comparison of two design spaces in terms of the mean rates of the 

design experts. 

Firstly, the average of the design expert rates indicates that definitions of the IUE 

problem space were more explicit than the problem space of METU in overall by 1 

point difference in ordinal scale.  

Secondly, as assessed by the second question, the performance of both the 2nd and 3rd 

design solution spaces of the IUE case was more sufficient in terms of answering the 

well-defined problems stated in the briefs. Regardless of the different generation 

methodologies applied for the 2nd and 3rd DSS in terms of prompting various text 

prompts regarding the inclusion of a feedback mechanism.  The difference in the 

performances of the DSSs of IUE and METU for answering question 2 (Q2) assessed 

for the 2nd DSS as 0.4 and for the 3rd DSS as 0.5.  
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Similar results were obtained for the in-between the performances of the problem 

spaces of both institutions for the third question that aims to assess the overall quality 

of the design solution assessed by question 3 (Q3). The 2nd DSS of IUE was assessed 

0,7 points higher on an ordinal scale than the 2nd DSS of METU. Likewise, the 3rd DSS 

of IUE assessed 0,4 points higher than the 3rd DSS of METU.  

Thus, by considering the evaluations made by calculating the mean rates of each design 

expert, it is possible to state that the explicitness of the design briefs correlates with 

the overall performance of the design solutions.  

Although the mean score ratings measured for the design spaces of the two institutions 

were not significantly different from each other, this correlation becomes clear also in 

the individual assessments of each design expert as well, as shown in Figure 5.2. 

 

 

Figure 5.2 :  Individual comparison of two design spaces by the design experts rates: 

(a) Design expert no.1. (b) Design expert no.2. (c) Design expert no.3. 
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Figure 5.2 (continued) : Individual comparison of two design spaces by the design 

experts rates: (a) Design expert no.1. (b) Design expert no.2. (c) Design expert no.3. 

5.1.2 Impact of the feedback process on the performances of design solution 

spaces 

The overall results demonstrated previously by the tables and graphs that the 3rd DSS 

performed better than the 2nd DSS in terms of answering Q2 and Q3, regardless of the 

two-design space analyzed in the scope of the study. In other words, the design solution 

instances that had generated through the revised text prompts, answer the well-defined 

design problems better and their overall qualities are higher compared to the solutions 

generated through only brief guided text-prompt. This situation can be discussed and 

considered as related to the explicitness of the brief definition, as the feedback 

processes had highlighted the implicit agenda in the design briefs. Hence the overall 

performance of the solution spaces of both design spaces regarding the cases of IUE 

and METU, was increased, as displayed in Figure 5.3. 

Comparing the increasement rates of the performances of the design solution spaces 

under the Q3, it is visible that the overall compositional quality of the design works in 

the METU design space had improved better in comparison to the IUE cases. This 

difference between the design spaces can be considered as related to the impact of 

initial brief definitions. Since the explicitness of the assignment briefs in the problem 

space of the METU was evaluated less than in the IUE problem space, it can be 
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Besides, a difference was noticed between the overall improvement rates of 

performance of the design solutions under two questions asked in Q2 and Q3. Figure 

5.4 displays a line chart that shows the difference in incensement rates by considering 

the overall rates average of both design spaces in terms of METU and IUE.  

 

Figure 5.3 : A comparative line graph that displays the increasement in the 

performances of the analyzed DSSs of METU and IUE under Q2 and Q3. 

 

Figure 5.4 : Comparing the increasement rate of the performances of DSS in terms 

of overall quality (Q3) and well-defined problem-answering capability (Q2). 
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As the line graph demonstrates, all three-expert ratings answers correlate and indicate 

that the overall quality of the solutions assessed by Q3 had improved sharper than the 

performance of answering the well-defined problems, assessed by Q2 (Figure 5.4). 

That is to say, the performances of DSSs in answering well-defined problems are 

limited in a certain extent to represent element properties in comparison to the overall 

quality of the composition. On the other hand, the overall qualities of the design 

solutions have a greater potential for improvement by implementing a series of 

feedback layers in the process. 

5.2 Evaluation of the Qualitative Data 

For the evaluation of the qualitative data, the answers of the three-design expert for 

three open-ended questions asked during the semi-structured interviews were 

discussed by the common points raised during the sessions.  

5.2.1 Comparing the impact of the problem space on organic and synthetic 

processes 

The first open-ended question was asking the design experts to comment on the 

relation between the brief definition and the performance of the design solutions. 

Although the question can be considered as already answered with the quantitative 

results of the study, the open-ended question was designed to include the experts' 

insights and experiences of conventional studios, which were valuable in 

understanding the relationship between the assignment briefs and the performance of 

the students' design works. Therefore, they were asked to comment also on the relation 

between the definition way of the assignment briefs and students’ design works 

performance, by considering the solution generation process under the guidance of the 

same briefs that they observed in the studio. Thus, the synthetic and organic processes 

were compared, and the significant differences were highlighted.   

The first design expert emphasized the importance of explicitness in the design brief, 

both for students and for the text-to-image AI model. According to Expert 1, an explicit 

brief is crucial to prevent design works from being disqualified. The expert mentioned 

the importance of reviewing and revising the brief definitions each semester to address 

any confusing aspects raised by the students. Even though the instructors of the studio 
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consider the initial brief solid, incorporating feedback from students and refining the 

brief can further enhance its clarity and effectiveness in guiding student design work.  

The second and third design experts agreed with the first expert on the point that a 

certain degree of explicitness is required in briefs, to guide the students to deliver 

solutions in the desired format. However, they pointed out that the level of explicitness 

needs to be consciously constrained to embrace the student’s creativity and to 

encourage them to develop their self-interpretations of the concepts. The concrete 

definitions that don’t embrace any implicit agenda, often guide each student to a single 

way of solution generation. Hence, all the instances share similar aspects at the end, as 

if they are variations of a single design work. 

Another significant point raised by the first expert was about the difference between 

the organic and synthetic solution generation processes, in terms of building upon the 

acquired knowledge. The expert had observed that the text-to-image AI model lacked 

the ability to derive interpretations of the problems based on previous stages of the 

process, which would be normally possessed by students with the help of the 

discussions made in the studio. Therefore, in a conventional studio, the performance 

of the student generally tends to increase, even the brief statements remain at the same 

degree of explicitness. However, synthetic solutions did not demonstrate similar 

performance gains throughout the various stages of the process and only improved as 

a result of feedback, similar to the traditional studio setting. 

5.2.2 Elucidating the ill-defined problems of briefs as a tool in the studio setup 

The second and third open-ended questions posed during the sessions aimed at 

consulting with the design experts regarding the potential of the AI model to clarify 

ill-defined problems for students. After observing the production processes and 

performance of the examples generated by the model, all three experts agreed that the 

current state of the model has limitations and deflections, particularly representing the 

element properties. However, the capability of the model to generate well-organized 

compositions through the implicit brief definitions founded very positive. Besides, 

each expert made their critical reflection from various perspectives on the 

implementation of the text-to-image AI tool in the basic design studio. 

During the feedback and interview sessions, the first design expert frequently stated 

that, in some cases, the synthetic design solutions were able to visually represent the 
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ill-defined problems better than first-year design students, spesifically in the earlier 

stages of the assignment sequences. This suggests that, in the beginning phases of the 

studio, the tool could be implemented to generate solutions and expand the design 

space of panel discussions, which would benefit the students. However, it is important 

to carefully select and explain the discussion material from the synthetic design 

solution space, highlighting their inherent strengths and weaknesses. This is to prevent 

the students from being guided strictly towards the same solution path or being 

influenced by the deflections of the solutions instances displayed during the discussion 

sessions. 

The second design expert shared a similar perspective to the first expert and raised an 

important question about the pedagogical impact of incorporating the AI tool in panel 

discussions. Based on her extensive experience teaching in first-year design studios 

for more than 25 years, she noted that students are more motivated and interested in 

discussion sessions when their work is selected for panel critiques. However, interest 

tends to decrease among students whose work is not presented. Therefore, the 

pedagogical effects of displaying AI-generated design solutions in panel discussions 

need to be further investigated with a case study. Since these solutions have an 

anonymous quality that is not attributed to a specific student, it may affect student 

motivation both positively and negatively, depending on how well the students 

internalize the discussion. 

Agreeing with the other experts, design expert 3 expressed a positive evaluation of the 

hypothetical implementation of the tool to elucidate the ill-defined problems. Besides, 

the expert highlighted another potential implementation way of the model in the studio, 

as an alternative assessment for the clarity of the briefs. As observed during the 

interview sessions, the performance of the generated design solutions was highly 

correlated with the explicitness of the brief definition Therefore, the instructors of the 

first-year design studio could make use of the tool as an alternative assessment method 

for the clarity of the briefs. By prompting the brief as text-prompt, alluding to the AI 

model as a novice design student, the instructors can identify potential issues in the 

briefs and improve their clarity to benefit the overall design process. 
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5.3 Discussion: Synthehic Design Space Generation Process 

The results managed to shed light on the main inquiries of the thesis defined in the 

limited scope study in terms of, evaluating the impact of the design briefs on the design 

solutions of a first-year studio, and searching for a method to ease the students’ 

comprehension and solution generation processes for the ill-defined design problems.  

As shown by the results of the design expert interviews, there is a certain correlation 

between the explicitness of the design briefs and the overall performance of the 

solutions generated by an AI model, likewise the student designer’s performance in a 

conventional first-year design studio. Secondly, the quantitative assessment results 

proved that the overall performance of the solution spaces is able to increase by 

implementing a feedback process in the generation mechanism. That is to say, the 

feedback process is essential for both synthetic and organic design solution generation 

processes to underline the ill-defined design problems and implicit design agendas 

covered in the briefs. Although the evaluations indicated that in the current state 

performance of the AI tool is limited in representing well-defined problems, it has the 

potential to help the students to understand the ill definitions of the problems by 

generating a myriad of solutions that they can see and learn, as long as the process is 

supported by expert guidance. 

However, it is highly crucial to underline the limitations of the study in terms of the 

method and applied generic AI model. In order to uncover the full potential of 

implementing text-to-image AI models as a tool in the first-year design studio to ease 

the novice designers' understanding of processes of the implicit design problems. 

Therefore, in this section of the thesis starting from the limitations of the model, the 

significant points raised during the research process regarding the theoretical 

background of the basic design education were discussed to speculate on the potential 

implementation of the text-to-image AI tools in the basic design studio.  

5.3.1 Limitations of the generic text-to-image AI-model 

Although the assessment results highlighted to main findings according to the main 

aims of this thesis, they have also indicated that the text-to-image AI tool is not yet 

sufficient to perform above the average in terms of the questions asked. To identify 

the potential causes of these deflections, the limitations of the generic AI model used 

in the scope of the study were discussed in this chapter. 
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5.3.1.1 Representing element properties  

The results of the quantitative assessments demonstrated that the performance of the 

design solution space is able to increase when the ill-defined design problems in briefs 

are elucidated through the feedback process. However, the overall results of the 

performance of all solution spaces were assessed below the average in terms of both 

Q2 and Q3. However, it is clear from Figure 5.5 that the text-to-image AI model 

performance of representing the element properties (Q2), as encoded as well-defined 

problems, is lower than the overall quality of the generated composition (Q3). 

 As highlighted in both feedback and interview sessions by the experts and observed 

during the DSS generation process, the text-to-image diffusion model has certain limits 

for representing the properties of the design elements in terms of number of the 

elements, size, scale, color, texture and technique. Although the prompt weights of the 

briefs were increased to overcome this issue during the generation process of the 3rd 

solution space, the increase of the performance of the DSSs for Q2 remained less than 

the increase in Q3 (Figure 5.4). 

On the contrary, the overall compositional qualities of the design solution spaces were 

assessed remarkably higher by the experts. Besides, during the quantitative part of the 

interview sessions, all three-design experts commented similarly that in some of the 

cases, the compositional qualities of the generated solution could have been rated 

higher (with almost 5 points corresponding to excellent performance in the ordinal 

scale). However, since the generated solution did not fulfill the well-defined 

requirements of the briefs in terms of element properties, and since this situation is 

often considered a reason for disqualification in a conventional studio, the ratings of 

Q3 were decreased concerning the ratings of Q2. Table 5.3 demonstrates one of these 

cases in that each reviewer expressed the same issue mentioned above. 

As displayed in the exemplary case with Table 6.1, even though the brief defined the 

number of the design elements as nine as explicitly as possible, the AI model was not 

able to employ nine elements in both solution instances. Yet all design experts agreed 

that it is possible to trace the visual impact of each identified ill-defined problem on 

both DSS instances, especially in the 3rd one. However, since the element properties 

also affect the overall quality of the composition, the reviewers’ rates for the Q3 also 

had to decrease. 
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Figure 5.5 : Comparison of the results of the performance of DSSs under Q2 and 

Q3. 

Table 5.3 : Impact of model deflection to represent well-defined problems on the 

assessment results. 
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This deflection in representing element properties can be considered as one of the main 

limitations of the generic text-to-image diffusion model, due to its context-free 

database. As explained previously, the information about the sources of the training 

dataset of the Midjourney model is not accessible to public users. However, the co-

founder of the research lab, Holz (2022) stated that they scraped image data from open-

source repositories on the internet to build the training dataset, including photographs 

of real-world objects, animals, humans, buildings, etc.  

Assuming that the amount of contextual image data from the design educational setups 

is not significant in the training dataset compared to the other contexts, the deflection 

of the model in reflecting the element properties in the context of the basic design 

studio might be unavoidable by using a generic AI model.  

Although in the initial phases of this thesis, collecting contextual data from the student 

design works to train an open-sourced text-to-image DM (i.e. Stable Diffusion) was 

considered, the amount of the available archival data of the student design work 

photographs was insufficient to train the model.  

5.3.1.2 Lack of transition 

As expressed by the design experts and observed in the generation process, in the 

current state of the art the text-to-image AI tool is not able to ensure a traceable 

transition between the stages of the sequential assignment brief definitions.  

It was often recorded that the outputs of interrelated stages of the briefs lacked the 

important characteristics (i.e. element definitions, organizational scheme) of the image 

prompts (output of the previous stage), and the reference points were not legible 

enough. This issue had been tried to be solved while generating the 3rd DSS by 

increasing the prompt weights of the reference images and using the same seed values. 

Although certain characteristic resemblance in the sequence was obtained in terms of 

the style of the generated image, the problem often persisted in capturing the reference 

points of the element or initial unit definitions. Table 5.4 demonstrates the issue from 

one of the cases. 

This deflection of the model can be discussed as the second limitation of the generic 

diffusion model in terms of not being able to understand the image prompts as the 

reference point for the next generation. The reason behind this issue might be related 

to the limited ability of the Midjourney model to utilize the image prompt as visual 
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data since the image prompts enter the generation mechanism of the model as in a 

translated form of a text prompt 

Table 5.4 : The loss of element/initial unit references during the transition (IUE, 

2022-2023, Assignment 4, Stage A, B). 

Brief 2ND DSS Instance 3rd DSS Instance 

Choose one of the 8x8 units. This will be 

your “unit element” to generate a pattern. Fill 

an area of 12x16cm (white paper) with your 

unit element using pencils or/and color 

pencils. 

  

Make a full pattern by using the selected 8x8 

unit element on an A4-size white visual field 

(fill all the VF). Produce two copies of A4: 

(1) shading with regular drawing pencils with 

5 different tones (H, HB, B, 2B, 3B) … 

  

5.3.2 Learning curve  

As raised by design expert 1 during the interview session, current versions of the model 

are unable to construct knowledge upon the obtained knowledge from the previous 

stages. This issue might be the most crucial limitation of the AI tool compared to the 

novice designer, in terms of not being able to build a reasoning mechanism. Therefore, 

the learning curve of the model remains stable, whereas the abilities of the novice 

designers enhance during the semester with the help of obtained reasoning 

mechanisms in the studio.  

As discussed within the theoretical background, one of the fundamental aims of the 

basic design studio is teaching the novice designer how to reason. This ability was 

obtained in the studio by a learning-by-doing paradigm supported by the feedback 

loops with the studio instructors. However, since the text-to-image AI tool is deprived 

of inheriting a reasoning mechanism conveyed in the basic design studio, it is not 

possible for it to build upon the constructed knowledge.  

To partially overcome this issue, the feedback mechanism was implemented in the 

generation procedure of 3rd DSSs. As the results proved that the feedback process was 

effective to increase the individual performances of the outcomes, likewise the 
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students of a typical basic design studio. However, since the feedback processes only 

strengthen the qualities defined implicitly or explicitly in the brief definitions within a 

single brief case, the improvement of the performance of the model during the 

sequential stages of the task remained limited. In other words, the text-to-image AI 

model had to start from scratch for each new prompt entered, whereas the students in 

the basic design studio would improve their performance in generating design 

solutions and also their abilities to understand the brief definitions. Figure 5.6 

exemplifies the learning curve of the AI model with two sequences taken from the 

assessment results of the 3rd DSS of IUE. 

 

Figure 5.6 : The learning curve of the models during two different assignment 

sequences (Sequence 1: Assignment 1, Sequence 2: Assignment 4). 

Although the answer to this particular problem of implementing a reasoning 

mechanism into AI relies on the depths of theoretical debates on the vast artificial 

intelligence theme, there are recent studies that aim to partially overcome this issue by 

implementing a sequence-to-sequence architecture into the diffusion models 

(Bakhtiarnia, Zhang, Iosifidis, 2023). Thus, it might be possible in the near future to 

train a text-to-image DM that learns through the prompt history, likewise, the 

conversation history trackability implemented in the NLP base Generative Pre-trained 

Transformer (GPT) models. Thus, the model might be able to develop its 

understanding of the design problems and improve its solution generation performance 

by providing an incremental learning curve. 
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5.3.3 Potentials of implementation of the text-to-image ai model as a tool in  

the first-year design studio 

One of the main inquiries of the thesis was searching for a method to ease the 

comprehension process of first-year design students to generate solutions under the 

various definition types of design problems. After evaluating the performance of text-

to-image AI models in answering design problems and discussing the current 

limitations of the model, the potential implementation strategies as a tool for basic 

design studios were considered. Pedagogical concerns highlighted during the expert 

interviews were taken into account during these discussions. 

5.3.3.1 Expanding the design space of the novice designer 

The findings indicated that text-to-image AI model models can generate a myriad of 

design solutions to a brief in a short period of time, albeit with limitations preventing 

them from fully addressing the well-defined problems in the briefs in their current 

state. However, the experts assessed the performance of the model as promising, as it 

was capable of generating quality compositions under the guidance of expert input to 

solve the ill-defined problems presented in the briefs. Therefore, novice designers 

could potentially benefit from the implementation of the tool into the basic design 

studio as a tool to elucidate abstract, ambiguous concepts stated in the briefs with ill-

defined design problems. 

One potential implementation strategy of the tool could involve expanding the design 

space of panel discussions/critiques by the expert selection of synthetic solution 

instances that address the same problem in various ways. This approach aligns with 

the collective learning culture often emphasized in the studio through discussions of a 

variety of student works to address specific points raised by the brief. Through the 

discussion of synthetic design solutions, students can learn about the different 

solutions offered by AI.  

Moreover, the implementation of the tool may contribute to panel discussions by 

increasing the pace of the student reasoning process. The time required to create a 

design solution varies from hours to weeks depending on the assignment or studio 

work. Generally, panel discussions are held after students complete their submissions, 

leaving students uncertain whether their solution aligns with the brief's requirements. 

In some cases, the design brief may contain ill-defined problems that are beyond the 
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comprehension level of novice designers, resulting in no solution being generated. If 

the students are guided to generate synthetic design solution instances based on the 

brief statement, panel discussions could occur immediately after the assignment is 

given. This approach could enhance student performance by helping students 

understand the requirements of the design problems and the points they need to avoid 

before delivering design solutions through their interpretation of the briefs.  

In other words, the implementation might contribute to the students' reasoning process 

alluding to the “see-move-see" pattern defined by Schön (1992). This entails students 

first “seeing” the synthetic solutions, then “moving” to generate their own solutions 

with the interpretations obtained from the seeing process, and finally see how their 

solutions compare and contrast to those generated by the AI model. 

5.3.3.2 Alternative assessment tool for assignment briefs 

As raised during the interview session with the third expert, the model could also have 

another potential besides enlarging the design space of novice students. It could also 

serve for the studio instructors as a tool for fine-tuning the degree of the ambiguities 

inherent in the briefs.  

As highlighted repeatedly by both experts, it is highly crucial to define the brief 

explicitly for the students to understand, but also implicit enough not to guide them 

towards the same solution path. 

 Even though the synthetic solutions perform better under the explicit directions in 

terms of the results obtained in the limited scope of the study, this doesn’t necessarily 

mean that novice designers perform the same way. However, during the initial phases 

of the first-year design studio, the novice designers can be compared to the current 

limited state of the AI tool, as neither of them has developed contextual knowledge or 

reasoning mechanisms.  

Hence, utilizing the text-to-image DM as a tool to evaluate the clarity of early-stage 

briefs might be beneficial, in terms of prompting the brief as the text prompt and 

analyzing the potentials and deflections of the synthetic solution, and revising the brief 

if needed. In a way that treats the AI model as a novice designer and adjusts the level 

of explicitness of the brief according to the performance of generated synthetic 

solutions.  
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6.  CONCLUSION  

The main inquiry of the thesis was exploring the impact of the problem space on the 

design space of the basic design studio to search for a method to help students better 

understand ill-defined design problems. The concept of design space was assumed as 

promising medium to reconstruct and reinterpret these problems, in order to generate 

solutions. As it was defined as the combination of problem and solution sub-spaces 

bonded with the design process (Krishnamurti,2006). In that scope, the design space 

concept was reframed in the context of the basic design studio setup: as the assignment 

briefs constitute the problem space, whereas the design solution space involved the 

design process outputs that aim to answer these briefs.  

As the aim was to explore the impact of various definitions of the design problems, 

two sets of the assignment brief data from different institutions were analyzed 

retrospectively to identify the statements of ill- and well-defined design problems. 

Secondly, to explore the impacts of these problem spaces visually, synthetic design 

solution spaces were generated by using a text-to-image diffusion model by translating 

assignment briefs into text prompts and implementing a feedback process. These 

solution spaces varied in terms of generation mechanisms. The first and second 

solution spaces were generated through the solo guidance of the assignment briefs, and 

the semantic structures of the briefs were not altered in the text prompts. Whereas, the 

third solution instances were generated through the revised set of text prompts, which 

underlines the implicit definitions stated in briefs as keywords with the help of 

feedback sessions held. Therefore, to evaluate the impact of the problem definitions 

the solution instances of the two different solution mechanisms were assessed by the 

design expert interviews quantitatively and qualitatively.  

The interviews consisted of two parts; quantitative and qualitative assessments. In the 

quantitative part design experts were asked to rate the explicitness of the assignment 

briefs and the performances of 2nd and 3rd DSSs in terms of answering the well-defined 

problems and overall quality of the design work. The results were evaluated to 
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elucidate the impact of the problem space on the design space of the basic design 

studio, by comparing the obtained data in different scales and contexts. Whereas the 

three open-ended questions posed to the design experts in the qualitative part of the 

assessment were designed to retrieve the design experts’ implications of the process to 

search for the potential contributions of implementing the text-to-image AI tools into 

the basic design studio. 

Overall results indicated that there is an apparent correlation between the explicitness 

of the brief definitions and the overall performances of all synthetic solution spaces. 

Besides the feedback sessions improved the performance of all design solution spaces. 

Especially the performance of generating quality composition under the ill-defined 

design problems was increased more than the well-defined problem-answering 

capacity of the solutions. This finding was discussed as an impact of the ill-defined 

design problem statements of the briefs that became clearer through the feedback 

sessions. Whereas it also underlined the AI model's limited ability to represent well-

defined problems in terms of the properties of design elements, due to the limitations 

of the generic diffusion model used in the current state of the art in terms of lack of 

context-based training data and reasoning mechanism. Albeit the limitations of the 

generic diffusion model for representing the well-defined problems in the current state, 

the design experts commented repeatedly that, the ability to represent the ill-defined 

design problems is promising. Thus, the method might have the potential to be 

implemented in a basic design studio as a tool for elucidating novice designers’ 

understandings of ill-defined problems.  

Based on the design experts' insights gathered during the interviews, potential 

implementation strategies for the AI model as a tool in the basic design studio were 

discussed. It was speculated that despite the limitations of the current state-of-the-art 

generic AI tool, implementing the tool could be beneficial for novice designers in 

terms of clarifying ill-defined design problems stated in the assignment briefs and 

helping them develop problem-solving abilities through the reasoning mechanism 

obtained in the basic design studio. The students can learn by seeing a myriad of 

solutions to the same problem, hence they can move on to their organic solution 

generation processes from these experiences and interpretations gained by the 

exposure of expanded design space. Besides, the method can also offer a tool for the 

instructors as an alternative assessment for the assignment briefs, which would provide 
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a chance for instructors to fine-tune the briefs for the novice designers' comprehension 

levels beforehand.  

In future studies, the limitations of the study related to the use of generic AI model can 

be solved, by developing an open-source text-to-image diffusion model with the 

contextual data collected from the educational setups of the basic design studio. 

Besides it might be possible to implement a feedback mechanism into the model’s 

computational architecture to the model as reinforcement learning to improve the 

performance of the generated solutions, as alluding to the instructor critique sessions 

in the basic design studio.  
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