
Competition-based digital design 
studio experience

Abstract
This study presents a competition-based digital design studio experience through 
the use of an updated structure for a graduate-level digital design and modeling 
course. In the Digital Architectural Design and Modelling (DADM) course, 24 
students (in groups) were asked to design a playground for a location in Warsaw. 
This assignment was given in response to a competition brief organized by 
UNI.xyz. The course was restructured to function as a design studio and was 
organized to allow four integrated phases namely: analysis, design, modeling, 
and fabrication. A total of six student groups succeeded in participating in the 
competition (week 11). During the final submission (week 15), the students and 
jury members evaluated the completed projects according to 12 sub-criteria that 
were applied to the 4 main phases. The competition jury awarded various prizes 
to four of the projects developed during the semester. The course jury members 
observed that the biggest deficiencies occurred during the fabrication phase, the 
students regarded the design-related criteria as the major problem area. As the 
competition jury had no predefined evaluation criteria, they mostly drew attention 
to the projects’ conceptual, spatial, construction, and material issues. This study 
proposes a project-based framework that combines computer-aided architectural 
design as a methodology, distance education as a type of communication, 
playground design as an architectural program, and participation in international 
competition as a means of motivation.  
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1. Introduction 
The widespread adoption of digital 
technologies has a significant impact on 
architectural education and practice. 
The use of digital design, modeling, and 
fabrication technologies has increased 
and transformed almost all stages of 
architectural education. The changing 
profile of an architecture student also 
affects the structure and strategies of 
computer-aided architectural design 
(CAAD) education (Koutamanis, 
1996; Kokosalakis et al., 1997; Gross & 
Do, 1999). Beyond computer literacy, 
graduate-level architecture students, 
in particular, arrive at the courses with 
the skill to use multiple software as a 
representation tool (2-dimensional 
drawing and 3-dimensional modeling) 
in architectural design processes. 
Furthermore, the adoption of digital 
technologies has become a common 
skill for students (Hemsath, 2010), and 
it has become clear that computational 
design pedagogy should go beyond 
simply teaching how to use software 
and tools. Their use is expected when 
students are required to solve complex 
design problems, develop innovative 
design solutions and fabricate at 
various scales.

The integration of design studios 
and CAAD is not a new idea; it has 
been tested since the 1980s. As a con-
tribution to the existing project-based 
CAAD frameworks, this paper propos-
es a competition-based framework that 
includes all components of a design 
studio as integrated phases (analysis, 
design, modeling, and fabrication), an 
architectural program, a real site, and a 
user profile specified in the brief.

The proposed framework is tested 
by updating the content and objectives 
of of a computational design course.
Accordingly, this study describes and 
evaluates the process and outcomes of 
an updated graduate-level digital de-
sign and modeling course that under-
went three major changes during its 
restructuring, namely:
• Reorganizing the course as a design 

studio instead of merely theoretical 
content.

• Requiring the students to design 
projects using computational meth-
ods and to participate in an interna-
tional design competition.

• Requiring design projects to be 
produced (prototyped) using digi-
tal fabrication tools.

Design competitions are essential 
platforms for architecture students 
and recent graduates to develop their 
practice, increase their visibility, and 
become more competitive. By having 
competitions as course elements, the 
students are required to follow external 
briefs and deal with real-world prob-
lems such as site, climate, and user.

The course focuses on the investiga-
tion of design solutions in response to 
the competition brief, as well as how 
they can be modelled and materialized 
using computational design approach-
es, methodologies, and tools. Another 
goal of this study is to criticize the over-
all course structure and make sugges-
tions for improvements based on the 
evaluations of projects by participating 
students and jury members. During 
the semester, the works developed in 
the studio were evaluated both quali-
tatively (by the competition jury) and 
quantitatively (by the guest jury mem-
bers and peer reviewers). This feedback 
allowed the course to be evaluated (in 
terms of its process, content, and struc-
ture) and for further improvements to 
be made. 

In terms of educational medium, 
distance learning, which was made 
mandatory during the pandemic, had 
both positive and negative education-
al effects. Unfortunately, face-to-face 
education has completely replaced this 
medium without properly appreciat-
ing its advantages. Given the course 
content and learning objectives, it is 
critical to reconsider course commu-
nication methods and apply hybrid 
alternatives. Although it was not re-
quired, distance learning was used in 
this study to evaluate its benefits, and 
the results are presented.

In the following parts of this study, 
Section 2 details the background of 
computer-aided architectural design 
pedagogies, distance education in 
computational design education, and 
playgrounds, playground design and 
related criteria. Section 3 introduces 
the course, the assignment, the devel-
opment of the works, and the evalua-
tions of the peer reviewers, the guest 
jury members, and the competition 



283

Competition-based digital design studio experience

jury. The results of the evaluations and 
related findings are listed in Section 4. 
Finally, Section 5 discusses the positive 
(successful) and negative (unsuccess-
ful) aspects of the proposed framework 
and highlights the necessary modifica-
tions to improve it.

2. Background
The project-based framework 
presented consists of three components: 
methodology, communication 
type, and architectural program. 
The methodology for the teaching 
experiment presented in this study was 
computer-aided architectural design 
(Section 2.1), distance education as 
the communication type (Section 
2.2), and playground design as the 
architectural program (Section 2.3). 
Keeping in mind that these selected 
contents for the components are 
not fixed, the following subsections 
provide information about the selected 
contents for this particular teaching 
experience.

2.1. Computer-aided architectural 
design pedagogies
The transition from punched cards 
and big computers of the 1970s 
to affordable PCs and available 
commercial computer-aided design 
software accelerated computerization 
in architectural education (Asanowicz, 
1989; Pittioni, 1992; Andia, 2002). Many 
studies have been conducted since 
the 1980s on how to teach computer-
aided architectural design (CAAD) 
(Asanowicz, 1989; Koutamanis, 1996), 
how to integrate CAAD into existing 
curricula, or how to develop CAAD 
curricula (Asanowicz, 1998; Silva, 
2000; Mark et al., 2001; Mark et al., 
2003). Traditional CAAD education 
was a common criticism raised in these 
studies, which is discussed further 
below.

CAAD was traditionally taught as 
a standalone subject/discipline within 
the architectural curriculum and was 
attempted to teach in units (Asano-
wicz, 1998; Roberts & Forster, 1998). 
A limited number of software compati-
ble with existing computers was taught 
in traditional CAAD education. Fur-
thermore, rather than working with a 
computer, the work was limited to the 

features provided by the software to 
the user (Roberts & Forster, 1998). Pit-
tioni (1992) defined such an approach 
as software-specific. The steps of iden-
tifying the requirements in the archi-
tectural design process, finding the 
appropriate software for this require-
ment, and learning how to use it were 
followed by the software-specific ap-
proach (Pittioni, 1992). Achten (1996) 
raised and discussed the difference be-
tween teaching CAAD principles and 
teaching CAAD principles in this con-
text. Sliwinski (1996) also raised the is-
sue of teaching CAAD by architecture 
rather than CAAD by architecture.

According to Flemming and Schmitt 
(1986), in the 1980s design studio, the 
computer was used to automate rou-
tine tasks and increase drawing pro-
ductivity. The representation-oriented 
use of CAD in architecture education 
was more developed in the 1980s and 
early 1990s (Pittioni, 1992). Similarly, 
Andia (2002) asserted that between the 
mid-1970s and the mid-1980s, CAD 
was used for architectural documenta-
tion and visualization. Many research-
ers have criticized CAAD education for 
providing students with skills required 
in architectural practice, such as mod-
eling and visualization (Roberts & For-
ster, 1998; Koutamanis, 1999; Pektaş, 
2007). Another issue that traditional 
CAAD education caused was the focus 
of students and educators (CAAD on 
technology rather than design, and be-
coming computer technicians) (Kouta-
manis, 1996; Sliwinski, 1996; Kouta-
manis, 1999).

More than 30 years ago, Akin (1990) 
argued that changing the role of the 
computer in the design studio had to 
result in a change in design pedagogy. 
Since then, many pedagogies aimed at 
integrating CAAD into design studios 
have been developed (Flemming & 
Schmitt, 1986; Kokosalakis et al., 1997; 
Roberts & Forster, 1998; Koutamanis, 
1999; Chiu et al., 2003; Duarte, 2007). 
According to Achten (2003), the ability 
to design is the primary subject that is 
attempted to be taught to architecture 
students. Since the design process has 
no specific formula, CAAD in the de-
sign process can concentrate on ad-
dressing complex design problems and 
creating innovative solutions (Roberts 
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& Forster, 1998; Achten, 2003; Duarte, 
2007). However, the experiments in 
previous CAAD courses do not ful-
ly correspond to real-world projects. 
CAAD skills taught in separate cours-
es are ineffective unless accompanied 
by applications, and the learned skills 
are only superficial (Pektaş, 2007; Co-
vill et al., 2008). To address this issue, 
Pektaş (2007) proposes project-based 
CAAD education. Because the student 
who is confronted with a real project 
must apply the learned CAAD skills to 
the given context in order to produce 
higher-quality projects.

Over the last decade, project-based 
CAAD frameworks have been tested 
through furniture (bench) (Agirbas, 
2020) and product (lamp) design (Lan-
zara, 2021). At the architectural scale, 
structures such as bridges (Stavric et 
al., 2019), gridshells (Naboni, 2016; 
Wallisser et al., 2019), and vaults (Sou-
sa & Xavier, 2015) have been common-
ly included in educational approach-
es that include phases from design to 
construction.

2.2. Distance education for 
computer-aided architectural design 
With the advancement of collaboration 
technologies and CAD literacy, 
researchers have contributed to 
the field of architectural education 
by developing new types of design 
studios such as virtual studios, web-
based studios, and online studios 
(Andia, 2002; Pektaş, 2007). Due 
to the Covid-19 pandemic in 2020, 
many researchers had to experience 
distance education for all courses, 
regardless of their relationship to 
digital technologies (Yorgancıoğlu, 
2020; Akçay Kavakoğlu et al., 2021; 
Alnusairat et al., 2021; Ceylan et al., 
2021). According to Gelmez and Arkan 
(2022), a course with a specific focus 
on computer-aided design plays a 
distinct role in online education due to 
its technology, computer-based nature, 
and virtual medium.

In an online course conduct-
ed during the pandemic, Ostrows-
ka-Wawryniuk et al. (2022) focused 
on teaching algorithmic thinking and 
the necessary skills to students for de-
veloping design solutions to abstract 
mathematical problems. In another 

online taught course, students were 
asked to design interventions for their 
own living space while keeping the live 
connection with augmented reality 
systems and software (Weissenböck, 
2021). Another online teaching experi-
ment by Goepel and Crolla (2021) uses 
mixed reality (MR) and photogram-
metry technologies for collaborative 
clay modelling production without the 
necessity of physical presence.

There are also pedagogies that adopt 
the computational design method and 
continue with the computer-aided 
manufacturing of the designed prod-
ucts. In such cases, experiments with 
fabrication machines and materials 
are required in addition to the physi-
cal workshop space. Benabdallah et al. 
(2021) addressed the question of how 
digital fabrication can be taught in the 
lack of physical workshop spaces and 
fabrication equipment/machines and 
presented new possibilities such as 
producing at-home machines for fabri-
cation tasks. Due to the Covid-19 pan-
demic, physical dimensions in courses 
that used computational design meth-
ods had to be partially or complete-
ly canceled for a time. Güzelci et al. 
(2022) responded to this situation by 
replacing the teaching of more digital 
tools for modeling and performance 
analysis for the fabrication phase of the 
process.

2.3. Playgrounds, playground design, 
and related criteria
Previous research has demonstrated 
that playground design is important 
for the development of children’s 
social, cognitive, and physical abilities 
as it can enrich their experience 
and encourage better behavior. 
Furthermore, studies have been 
conducted to examine playground 
safety and risk minimization (Little & 
Eager, 2010), the development of social 
and physical skills (Barbour, 1999), 
and inclusive play strategies and design 
(Siu et al., 2017).

Creative playground design is an 
important aspect of children’s social 
and cognitive development. The early 
work of Susa and Benedict (1994) an-
alyzed the pretend play behavior of 80 
children in two different playgrounds: 
contemporary and traditional. Accord-
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ing to the findings of this study, the 
modern playground encourages more 
pretend play and greater creativity. 
Furthermore, a study developed for 
an undergraduate-level design course 
to raise awareness among students by 
Acar (2015) demonstrated how mod-
ule design can be organized according 
to affordances in playgrounds.

On the manufacturing side, some 
global organizations support play-
ground design and research. For exam-
ple, the International Play Equipment 
Manufacturers Association (IPEMA, 
2022) supports the “Voice of Play” 
initiative, which aims to improve the 
quality and quantity of children’s play 
and playgrounds (Voice of Play, 2020). 
According to IPEMA 2020 research, 
public playgrounds play a significant 
role in fostering inclusiveness and play 
equity. In a survey of parents regarding 
the benefits of a playground, a majority 
stated that encouraging play between 
children of all abilities and improving 
physical fitness are two important as-
pects for playground design. Further-
more, during the Covid-19 pandemic, 
the majority of surveyed parents (87%) 
stated that play became more import-
ant than ever.

There are guidelines for creating a 
safe and creative environment when 
designing a playground (Moore et al., 
1992). The main points of playground 
design, according to the Whole Build-
ing Design Guide (WBDG Whole 
Building Design Guide, 2017), are safe-
ty, design, materials, accessibility, and 
estimated costs. Besides that, the over-
all design parameters should include 
zones for age-appropriate equipment 
and activities, as well as quiet and noisy 
zones.

3. Teaching experiment
3.1. The digital design course
As one of the 5 compulsory graduate-
level courses, Digital Architectural 
Design and Modelling (DADM) has 
been taught every fall semester within 
the Architectural Design Computing 
graduate program at Istanbul Technical 
University since 2008. The DADM 
course is taught by different tutors 
every year and the course is constantly 
improved through the contributions of 
professors. The duration of the course 

is 14 weeks, with 3 hours of class per 
week. According to the criteria of 
the European Credit Transfer and 
Accumulation System (ECTS), the 
ECTS of the DADM course is 7.5, 
which is approximately equal to 187.5 
hours of study during a semester. 

In the course catalog, the objectives 
of the course are given as 3-dimension-
al modeling and designing a building 
using solid modeling software. Con-
sidering the students’ existing abilities 
in 3-dimensional modeling and their 
widespread use of solid modeling soft-
ware, the tutors updated the course 
objectives of the course for the 2021-
2022 fall semester. The teaching of 
solid modeling software was excluded 
in favor of a visual scripting environ-
ment (Grasshopper) and its plug-ins 
(i.e. Kangaroo 2, Ladybug, Lunchbox) 
to demonstrate the generative nature 
of modeling. The teaching methodol-
ogy of the DADM course includes tu-
torials, lectures by tutors and guests, 
group work, critiques by tutors, and 
mid-term and final reviews with guest 
jury members.

The authors decided to update the 
DADM course based on their pre-
vious teaching experience in Digital 
Architectural Design Studio (DADS) 
(another compulsory course of the 
graduate program), which resulted in 
award-winning projects. For the 2021-
2022 fall semester, the DADM course 
was redesigned as a project-based com-
putational design course rather than a 
design and modeling course, as the ti-
tle indicates. Under its new structure 
students are encouraged to accomplish 
the following:
• To use digital design and modeling 

as a methodology through a proj-
ect development experiment, rath-
er than learning digital design and 
modeling as a skill,

• To develop design solutions for a 
real-world problem with a specific 
site and user with the introduced 
methodology,

• To work on the materialization of 
their designs rather than exploring 
design solutions only in the digital 
environment.

While the course duration and the 
number of weeks remained unchanged 
in the fall semester of 2021-2022, the 
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communication method of the class 
was changed to online (distance learn-
ing). In the fall semester of 2021-2022, 
the communication type of the courses 
was optional and determined by the tu-
tors’ preferences. The tutors decided to 
conduct the course remotely since one 
of the instructors was in another coun-
try and the other was in another city. 
Another reason for conducting the 
course remotely was to allow for jury 
meetings with international guests and 
to receive their feedback.

3.2. The assignment: International 
competition for a playground design
In the 2021-2022 fall semester, instead 
of planning a series of assignments, 
the students were asked to focus on 
the design problem given in the brief 
of an international design competition. 
The competition, which was selected 
by the tutors prior to the start of the 
semester, was organized by UNI.xyz. 
This brief was to create a play structure 
for children to be located in a public 
park. The project site given by the 
organization was Old Orchard Park 
in Zoliborz, a residential district of 
Warsaw, Poland. The park was full of 
fruit trees, a traditional playground for 
children, and paths for walking with 
benches. The site area was 693 square 
meters, however, the designs were 
limited to a maximum of 50 square 
meters, with a height constraint of 5 

meters. Although the participants were 
not required to follow a fixed approach, 
they were expected to design a single 
structure (UNI.xyz, 2021).

As stated in the competition brief, 
the aim was to generate a healthy life-
style within the playground, and to this 
end, the available activities must satisfy 
the physical, mental, and social require-
ments for the well-being of the children 
using it. The experiences of digital play 
are very common among children, but 
especially after the Covid-19 period, it 
has become very important that their 
opportunities for physical play are also 
engaging and attractive. The competi-
tion also demanded that the submitted 
designs allowed for multiple activities 
and also included qualities such as ac-
cessibility, security/safety, modularity, 
durability, and eco-friendliness (UNI.
xyz, 2021). The reasons for the selec-
tion of the competition included in this 
study are as follows:
• The emphasis on a specific user and 

architectural program,
• The necessity for extensive research 

and analysis when designing a play-
ground,

• The requirement to meet multiple 
architectural qualities such as tan-
gible, modularity, structural dura-
bility, and constructability,

• The competition’s schedule, which 
begins and ends within the academ-
ic term.

Figure 1. (Top) Course structure; (Bottom) Sample products for the phases (Group 5).
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3.3. Development of the works
The 15-week DADM course (including 
a final jury day) is organized to allow 4 
processes, namely analysis (A), design 
(D), modeling (M), and fabrication/
materialization (F). These processes 
overlap as a result of the integrated and 
continuous nature of design studios. 
The course is also supported by 
seminars (S), lectures (L), and tutorials 
(T), and by jury evaluations (J) from 
students, guest jury members, and 
tutors (Figure 1).

3.3.1. Process of week 1 to 5
The student groups were formed in the 
first week. Thus, the groups started to 
develop their conceptual framework 
in parallel to the process of learning 
through the series of seminars. Over the 
following 4 weeks, 2 of the tutors and 2 
guest lecturers gave seminarsto support 
the analysis, design, modeling, and 
fabrication processes. The first seminar 
dealt with form-finding strategies in 
architecture and was supplemented 
with a tutorial for real-time form 
exploration using physics engines. 
The goal of the second seminar was to 
explain the logic of the data structures 
necessary to work with a variety of data 
in the virtual scripting environment 
(VSE). The second seminar also 
included a short tutorial to demonstrate 
these data structures through basic 
2-dimensional shapes and operations. 
A third seminar on environmental 
performance, sustainability, and Life 
Cycle Assessment (LCA) was given 
by a Polish architect and scholar 

familiar with the site, climate, and 
local materials of Warsaw. The third 
seminar also included a tutorial on 
solar analysis by using Ladybug plug-
in. The subject of the final seminar 
was the materialization of complex 
forms through both analog and digital 
making techniques. The possible bio-
based construction materials for the 
playground design were also discussed 
with the guest lecturer (Figure 1).

3.3.2. Process of week 6 to 11
The first jury (with the participation 
of guest jury members) was held on 
the 6th week. Each student group 
presented a flowchart as the route 
map they intended to follow during 
the semester (Figure 2). Since the 
design brief is both site- and user-
specific, the students made intensive 
analyses regarding children’s play, 
behaviors, and movements, as well as 
the specific site conditions. In addition, 
the students started to develop ideas 
for playground design and to test 
various digital modeling tools and 
methodologies to produce their 
intended design solutions.

For their analyses of the unfamiliar 
site, the students preferred to use the 
Ladybug plug-in of Grasshopper VSE. 
After the import of the necessary En-
ergyPlus Weather (EPW) data of the 
selected location from the related data-
bases (https://www.ladybug.tools/epw-
map/), Ladybug was used to generate 
solar and shading analysis for selected 
times or time periods within the year. 
The use of Ladybug during the analysis 

Figure 2. Design flowchart by Group 3.
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phase was mostly associated with deci-
sions regarding zoning. For instance, 
while Figure 3a illustrates the annual 
direct sun hours analysis by Group 1, 
Figure 3b shows the sunlight analysis 
of Group 2 for a definite time period 
which is between March and July. Sim-
ilarly, Group 3 presented the solar anal-
ysis performed for the site (Figure 3c). 

Generative design approaches were 
both used for analysis and design de-
velopment. For instance, while swarm 
intelligence was used to analyze the 
individual and collective behavior of 
children, cellular automata were cho-
sen for game design (Figure 3d). In 
the work of Group 7, Voronoi pattern 
was used for form finding for the task 

of layout design (Figure 3e). Last, the 
magnetic field diagram was used by 
Group 5 for form-finding on the site 
plan level (Figure 3f). 

Additional research was also carried 
out to determine what effect the avail-
able materials may have on structures 
designed for use by children and on the 
life cycle assessments of the structures 
themselves. Since modularity was an 
important design criterion specified in 
the competition brief, experiments to 
combine the designed modules were 
conducted using 3D-printed models. 
Finally, the students presented their 
initial design solutions to be imple-
mented at the site.

The 3 weeks between the first and 

Figure 3. Conducting environmental analysis and adaptation of generative approaches.

Figure 4. Visuals from the final posters of (a) Group 1, (b) Group 3, (c) Group 4, (d) Group 5.
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second jury continued with design de-
velopment through presentations, cri-
tiques, and discussions. However, the 
eleventh week, which was planned as 
the second jury week, overlapped with 
the submission deadline for the com-
petition (15th December 2021). For 
this reason, the students participated 
in the second jury with their projects 
prepared in the specific format re-
quired by the competition. The follow-
ing developments were observed in the 
projects submitted to the competition 
and evaluated by the second jury:
• The analyses of children’s behav-

ior and activities became more in-
depth.

• The designs and their forms were 
developed in relation to the creat-
ed/selected games and activities.

• The materials research resulted in 
definitive material selections.

• The components of the playground 
structure, as well as the details of 
their combination, were provided.

• The designs were implemented on 
the site and the areas not includ-
ing the play structure were mod-
eled to-scale with the master plan. 

3.3.3. Process of week 12 to 15
Between the eleventh week (second 
jury and competition deadline) and 
the fifteenth week (third jury and 
final submission date), the students 
focused on the fabrication of their 
final designs. Since no physical models 
were requested by the competition, the 
students postponed the materialization 
and fabrication of their designs to the 
period between weeks 12-15. In the 
twelfth week, the tutors conducted 
face-to-face lectures and tutorials to 
introduce the students to the 3D printers 
and software necessary to fabricate the 
models of their designs. During the 
materialization and digital fabrication 
process, the students continued to 
develop their designs according to the 
critiques given by the second jury and 
presented their projects for the final 
jury review (Figure 4). 

For their final submission (week 15), 
the groups presented posters and 1:100 
scale physical models (Figure 5a); four 
of the eight groups also provided detail 
models at various scales. These detail 
models were made to clarify the as-
sembly of playground parts or to show 
their structural principles (Figure 5b).

Figure 5. Physical models (a) 1:100 scale models, (b) Detail models. 

Table 1. Design and evaluation criteria.
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During the modeling phase, digital 
models created with Rhino CAD soft-
ware were exported in .STL or .3MF 
format for the 3D printing prepara-
tion process. Before the printing phase, 
the dimensions of the models were set 
to millimeters and scaled. The mod-
els were imported into CURA soft-
ware and were then sliced to evaluate 
their 3D printability. Considering the 
printing capacities of the available 3D 
printers for the course, the majori-
ty of the 3D printing operations were 
performed using Fused Deposition 
Modeling (FDM) 3D printers (Creality 
Ender-3, Creality Ender-6, Ultimaker 
3-Extended, and Creality CR10-S5) 
and PLA material supplied by the ITU 
Faculty of Architecture. However, the 
student groups were also free to use any 
3D printers that they owned or had ac-
cess to. Five student groups (Group 2, 
Group 4, Group 6, Group 7, and Group 
8) used the facilities of the ITU Faculty 
of Architecture for the 3D printing of 
both their 1:100 scale project models 
and their detail models. During the 
3D printing process, a trial-and-error 
approach was followed and most of 
the digital models had to be 3D print-
ed more than once. The situations that 
commonly caused errors in the 3D 
printing process were as follows:
• Lack of necessary thickness: In each 

layer, the thinnest part of the model 
should be at least twice the thick-
ness of the nozzle diameter. The 3D 
printers used for this project have 
a nozzle diameter of 0.4 mm. This 
means that the thinnest part of the 
models was required to measure at 
least 0.5 mm. 

• Lack of adhesion surface: 3D print-
ed objects require sufficient ground 
surface contact with the print bed 
for good adhesion. There are op-
tions to increase the first layer 
surface (brim, raft) to reduce the 
chance of 3D prints breaking off the 
print bed.

• Support material removal: Some 
of the models exceeded the maxi-
mum amount of overhangs that the 
3D printers can support (around 
60°). Support geometry was added 
to the models in order to achieve 
a successful print, but removing 
the support material after printing 

increased the risk of damage, es-
pecially for those models with thin 
parts.

For the final submission, except for 
that of Group 2, all the other models 
were successfully 3D printed. Due to 
the wire-frame nature of the Group 2 
design, it was impossible to 3D print at 
a scale of 1:100 using the FDM meth-
od. The model was 3D printed using a 
stereolithography (SLA) machine after 
the final submission date with the per-
mission and support of the tutors.

According to the competition brief, 
the size of the playground design was 
limited to 50 square meters. There-
fore, the 1:100-scale version of each 
design solution was printable in a ba-
sic 3D printer as a single piece due to 
their small size. However, conventional 
model-making techniques were pre-
ferred for the construction of a 50x25 
cm scale model of the site. For the 
physical model of the site and the exist-
ing elements in the park, students used 
various materials such as paper, foam 

Table 2. Evaluation results of the peer-reviewers and guest jury 
members.

Table 3. Summary of the evaluations (overall).
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board, cardboard, net, metal stick, steel 
wire, miniature plants, and plexiglass.

3.4. Evaluation of the final work
For the final jury, a quantitative 
evaluation method was adopted. 
The tutors prepared an evaluation 
form containing three criteria to be 
rated under each main phase, namely 
analysis (A), design (D), modeling 
(M), and fabrication/materialization 
(F). The twelve evaluation criteria were 
extracted from the course catalog, the 
syllabus of the course, the competition 
brief, and the discussions that took 
place during the mid-term juries 
(Table 1).

On the final jury day, the same eval-
uation form was shared with the stu-
dents for peer review and with the jury 
members for expert review. 23 of the 
24 students who took the course and 
made their presentations in the final 
jury filled in the evaluation form and 9 
out of the 10 jury members also com-
pleted their evaluations. The evalua-
tion results of the peer reviewers and 
jury members are given in Table 2. Ta-
ble 3 and Table 4 summarize both sets 
of evaluations for further analysis giv-
en in the following section.

3.5. Evaluation of the competition 
projects by the organization
The results of the competition were 
announced in February 2022. Four 
projects received awards: Winner 
(Group 6); People’s Choice award 
(Group 4); and Editor’s Choice awards 
(Group 3 and Group 7). In addition to 
the jury’s evaluations of the projects, 

there were also valuable comments 
posted on the accompanying 
competition website. With regard 
to the winning Group 6 design, it 
was stated that the proposal is very 
interesting, conceptual, spatial, and has 
an interesting constructive logic that 
uses a module from which multiple 
possibilities and spaces can be created 
and which can be installed at various 
locations. It was also underlined that 
it was the best proposal as it quickly 
hooked into a simple and consistent 
idea and concept in line with 
playground design (Figure 6a). For 
Group 4, which received the People’s 
Choice award, it was mentioned 
that although their project proposed 
a constructive logic with material 
possibilities, it did not present any new 
approaches to design or possible future 
explorations (Figure 6b). For Group 3 
and Group 7, which received Editor’s 
Choice awards, it was stated that the 
Group 3 project addressed the issue of 
being able to develop multiple spaces 
and uses, but that it lacked material 
development. It was recommended 
that the design avoid catwalks in favor 
of building everything from mesh to 
better define games (Figure 6c). For 
Group 7, the jury found it interesting 
how their project developed a section 
with all play opportunities but that it 
was chaotic in its overall design (Figure 
6d).

4. Results and findings
This section presents the results of 
the evaluations given in Section 3.4 
and Section 3.5 and gives the related 
findings.
• An overlap was observed in the two 

projects voted as the least successful 
(Group 8 and Group 2) by the guest 
jury members and peer reviewers. 
Except for these two projects, only 
the work of Group 1 was the low-
est-rated project by the jury mem-
bers (once). On the other hand, all 
the projects except that of Group 
5 were rated as the lowest at least 
once by the peer reviewers.

• Both the guest jury members (5 
times) and the students (8 times) 
rated the Group 5 project as the 
best. A conflict was observed re-
garding the project of Group 1, 

Table 4. Evaluation results of the peer-reviewers and guest jury 
members (phases and individual criterion).
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which was rated as the best 7 times 
by the peer reviewers but was not 
rated as the best by the guest jury 
members.

• With regard to the project evalua-
tions made by the guest jury mem-
bers, the D, F, and M phases were 
rated as the worst phase at least 
once. While 6 of the 9 jury members 
evaluated the F phase as the worst, 
the D and M phases were rated 
worst 2 times. On the other hand, 
the students rated D (15 times), F (7 
times), M (6 times), and A (3 times) 
as the worst. 

• Phase F, which the jury members 
rated as the most unsuccessful, 
and phase D, which the students 
rated as the most unsuccessful, do 
not overlap. However, the F phase 
was rated as the most unsuccessful 
by the students 7 times. While the 
jury members never voted for phase 
A to be the most unsuccessful, the 

participants noted it 3 times.
• When considering the evaluation 

of the criteria instead of phases, 
according to the jury members the 
fabrication material selection (F1) 
and the ability to use digital fabrica-
tion tools (F2) should be developed. 
Due to the competition’s final sub-
mission date, the fabrication phase 
was limited to the weeks following 
the second jury. Students’ opportu-
nities to experiment with materials 
(F1) and experience digital fabrica-
tion tools (F2) were also limited in 
a completely online course. Howev-
er, while generative modeling tools 
(M2) were used in some phases of 
the projects, they were not domi-
nant throughout the entire work-
flow. Since the generative modeling 
tool was only used in a single phase, 
its role in the final project was found 
to be insufficient.

• When the evaluation done by the 

Figure 6. Prize winning projects developed in DDM course. (a) Winner; (b) People’s choice; (c) 
Editor’s Choice; (d) Editor’s Choice.
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students was examined in detail, 
the sustainability of the design solu-
tions (D3) was criticized more com-
pared to the appropriateness of the 
design solutions for children (D2), 
and the development of innovative/
computational approaches. 

• When the evaluations of the peer 
reviewers and jury members (Table 
3) were compared to those of the 
competition jury, there were clear 
differences in opinion. Group 5 was 
evaluated to have the best project by 
the peer reviewers and jury mem-
bers during the semester, but they 
were unable to participate in the 
competition.

• The projects that received awards 
from the competition jury did not 
match the final evaluations. A reason 
for this mismatching was the differ-
ence between the evaluation criteria 
defined by the tutors and those of 
the competition jury. The 12 criteria 
listed in Table 1 were defined by the 
tutors, but the competition jury fo-
cused on their own subjective eval-
uation criteria that considered the 
conceptual, spatial, construction, 
and material aspects of the projects. 

5. Discussion and conclusion
This study presents a competition-
based framework and tests it through 
a digital design studio experience. 
The quantitative evaluations by both 
the guest jury members and the peer 
students, as well as the qualitative 
evaluation by the competition 
jury, allowed the tutors to assess 
the effectiveness of the proposed 
framework and improve the course. 
As these qualitative and quantitative 
evaluations were based solely on the 
course’s final products, the tutors also 
considered the project development 
phases throughout the semester. 
According to the tutors’ observations, 
students had no difficulty developing 
a project that considers the real site, 
user, and architectural program 
described in the competition brief 
while employing computational design 
approaches, methodologies, and tools 
throughout the process. It is possible 
to develop and represent a competition 
project with the traditional use of 
CAAD software. However, there 

were no misconceptions about the 
methodology used among the students, 
and CAAD tools were not used in the 
traditional manner. On the other hand, 
the fact that students were awarded in 
an international design competition 
demonstrates that projects of a certain 
level of quality can be produced using 
the proposed framework.

The evaluations of the guest jury 
members (partially supported by peer 
reviewers) showed that the most evi-
dent shortcoming in the assignment 
occurred in the materialization phase. 
Within this context, the authors raised 
the question of what kind of strate-
gies should be developed to produce a 
more successful materialization phase. 
When the project processes were ex-
amined, it was observed that the initial 
studies of materialization presented to 
the first jury were abandoned in the 
later process. The fact that physical 
models were not requested in the com-
petition was the most important factor 
for the submission of the competition 
projects as this followed a design and 
modeling path that was already famil-
iar to the students. On the other hand, 
being completely online, working on 
computers instead of in an atelier, and 
having limited access to digital fabrica-
tion equipment are other factors that 
affected the materialization stage neg-
atively. The time period between weeks 
12 and 15 was determined as the fab-
rication phase, and the students faced 
all of the material selection, structural 
issues, and detail problems of the phys-
ical models during these weeks.

The authors suggest the following 
strategies to achieve more successful 
results in the fabrication phase:
• Fabrication at every phase of the se-

mester without the requirement for 
a fully developed design,

• Conducting seminars and tutori-
als on the use of digital fabrication 
tools at the beginning of the semes-
ter instead of during week 12.

• Short-term integration of consul-
tants from related disciplines with-
in the university to resolve structur-
al and detail problems.

Another strategy for increasing the 
efficiency of the materialization phase 
is to continue fabrication work in the 
graduate program’s fabrication-ori-
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ented courses the following semester. 
Award-winning projects of some com-
petitions are built by the institution 
that launched the competition. In the 
case that the competition project be-
comes a construction, a collaborative 
study with industry actors can be con-
ducted to improve the project’s quality 
in detail production, material selec-
tion, and structural issues.

In contrast to the guest jury mem-
bers, the students regarded phase D as 
the most unsuccessful. Since the be-
ginning of the semester, students have 
evolved their designs based on a vari-
ety of criteria such as child behaviors, 
types of play, security, and the scale 
of the structure in relation to the size 
of the children. Furthermore, the ma-
terials to be used in the design’s con-
struction, the material’s sustainability, 
and the life cycle assessment of the 
playground have been explored since 
the conceptual design stage. According 
to the evaluations, the students have 
gained a more critical perspective for 
phase D, where they had the opportu-
nity to think deeply, as a result of these 
discussions.

Similar to the project-based CAAD 
pedagogies discussed in Section 2.1, 
the framework presented in this study 
is project-based and includes both in-
dividual and group works. Current 
project-based digital design pedagogies 
are not limited to digital productions; 
rather, through the use of digital fab-
rication, their processes result in phys-
ical products at 1:1 scale (Stavric et al., 
2019; Wallisser et al., 2019). However, 
since the organization did not request 
the fabrication of the competition proj-
ects, the projects were not rationalized/
simplified for 1:1 scale fabrication.In-
stead, using digital design and model-
ing tools and methods, conceptual de-
signs that focused on the site and the 
user were developed. In the presented 
teaching experiment, the site served as 
more of a context and environmental 
data input to the project. The physical 
characteristics of the site (e.g., level, 
paving) are not considered in the de-
sign process, yet is likely to arise during 
a 1:1 scale fabrication of the design on 
site. In other project-based digital de-
sign pedagogies, designs are generally 
developed for a generic user (Sousa & 

Xavier, 2015; Agirbas, 2020; Lanzara, 
2021). This teaching experiment differs 
from other digital design pedagogies in 
that it includes  an in-depth analysis of 
children’s behavior and physical play, 
as well as the development of custom-
ized designs for children as users. 

In previous years, distance education 
was not the communication type of 
course. It was preferred for the exper-
iment and semester presented in this 
paper, and it offered some advantages. 
The group work of the students created 
a synergy in this online course, and the 
collaborative environment provided 
by the online meeting platforms posi-
tively affected the design process with 
task definition, completed tasks, and 
transparent data flow. Participation in 
the competition gave the students the 
opportunity to compete with other de-
signers from all around the world in-
stead of the other students enrolled in 
the course. Being involved in a design 
competition also lead to the students’ 
exploration of novel design solutions. 
In addition, having a strict submission 
date and the opportunity to win awards 
provided extra motivation.

The proposed framework could be 
used in other digital design studios. 
While the framework’s components 
remain constant, their contents can 
change depending on the new term 
project or competition brief. According 
to the brief, the user profile, location, 
and architectural program may vary. 
Furthermore, the modeling approach 
and software (e.g., solid, parametric, 
generative), fabrication tool and tech-
nique, and scale of the prototypes may 
differ depending on the expected digi-
tal and physical outcomes.
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