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Abstract

With the projects implemented in the 'Design for the Disabled' course in Gazi University 2019-
2020 academic year, fourteen students are asked to develop solutions for the problems of
disabled individuals, which is one of the real-world issues, while gaining professional knowledge
such as critical thinking, idea generation and learning the conceptual design process. In
addition, it is aimed to increase their learning motivation and interest in social design projects.
It was learned that the students did not carry out a design project for disabled individuals in
their previous projects. Throughout the semester, students developed their projects with a
conceptual design matrix consisting of Data Collection, Primary Analysis, Secondary Analysis,
Synthesis, Hypothesis, Preliminary Design and Final Design stages. Students were asked to
present their projects at the Final Design stage. The course was conducted through online
classes during the Covid-19 Pandemic for twelve weeks. Students are enabled to experience an
interdisciplinary critical process. Thus, successful solutions and new models have been
developed in projects in terms of product and space.
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Introduction

Industrial Design is a strategic problem-solving process (WDO, 2015). While the scale and the
scope of the problem changes, the design process (DP) does not, its stages progress as
repetitive and cumulative.

DP has descriptive steps and encourages an informed systematic decision-making approach by
avoiding intuitive interaction (Leon and Laing, 2014). There are many different types of the DP,
and they all contain analyses, synthesis, creation, and evaluation (Zimmerman et.al, 2011).

The early phase of the DP has more importance (Sanders, 2005) activities where problems and
opportunities are defined (Cagan et al., 2002; Wormald, 2011; Sanders and Stappers, 2012). In
the late design phase, ideas turn into prototypes and into products. Both phases require
different content and format research (Sanders, 2005). Educators and researchers are looking
for new methods to use in the early phase of the DP (Sanders, 2005). Much of the research
conducted by designers and anthropologists since the early 1980s for the benefit of the product
development industry has been related to the early design phase (Cagan et al., 2002; Wormald,
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2011). The early phase of the DP is described as fuzzy front-end, as the DP and issues are ill-
defined and not structured (Deschamps and Nayak 1995).

The activities in the early and late phases of the design are different. The late design requires
the use of technical tools to solve well-defined problems in terms of form or structure.
Conceptual design process, which is the early phase of design, is about developing new
solutions and ideas. The conceptual process begins with questions and temporary design
features and continues with synthesis. Good conceptual design (CD) stands for innovation, and
it occurs when an innovative design consciously tries to create a design. In other words, it is the
process of establishing relationships between sub-functions of design to achieve the design
goal and objective through a chain of reasoning (Sturges et.al, 1993).

Correct data is needed to establish the relationships in problem-solving. Enhancing research in
the early DP enables the creation of consistent cause-effect relationship between the design
problem and its solutions, and increases the design quality (Payne, 2013). Archer (1965) states
that in DP, creativity is the basic connection which is established in between the design idea
and problem and indicates that when the solution emerges from data interaction, the design
problem can no longer be ill-defined. In the ‘Notes on the Synthesis of Form’ by Architect
Alexander, the author has adopted the idea that every decision made in the DP should be
supported by data and design should be an independent process from the persons (Selau
et.al,2020).

To generate design ideas, the data about the design problem area should be used (Kokotovich,
2007). The design problem should be structured before generating ideas (Mathias, 1995; Ho,
2001; Restrepo and Christiaans, 2003). Problem structuring refers to the process of reflecting
the problem and its desired result (Simon, 1973).

After research and before the solution, insights that lead to design begin to emerge. It was
concluded that the perceptual act underlying insight in design is more like 'bridging' the gap
between the emerging problem and the solution rather than 'jumping' over a cliff (Cross, 1997;
Akin, 1997). These insights can be generated by analysis and synthesis of research data, but
unlike design research, this part of the DP is often ill-defined. Analysis and synthesis are
underrepresented in academic and commercial literature and discussion. Although analysis and
synthesis activities are extremely critical for design studies, the lack of definition means that it
is difficult to teach and explain to students (Payne, 2013).

In the early stages when innovation and creativity come to the fore (Wormald, 2011), students
discover the problem, try to understand it, collect data, try to make sense of the data and
structure the problem (Kolko, 2010). It gains insight, establishes a relationship, and finds a
solution to the problem with the data it collects (Sanders & Stappers, 2012). Focusing on the
early-stage activity and developing solutions (Kokotovich, 2007) is the most challenging stage
for novice designers.

Mathias (1995) found that, novice designers have no Problem Analysis (exploration of the
problem area) in their processes compared to expert designers. Cross (2004) calls this ‘scope of
the problem’ based on a focused or directed approach to collecting and prioritizing data about
the problem area. Experts spend more time dealing with data and include them in their design
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ideas, novice designers tend to embody the data in the design problem area independently
(Mathias, 1995).

Data alone is not useful nor applicable and the creative. Students obtain knowledge by
interpreting this data and jumping from raw data to insight by synthesis. This is a difficult skill to
learn, and different methods should be developed to help students (Kolko, 2007). So, it is
important to support design students to experience the problem structuring process in projects
with different methods and techniques.

Systematic Design Process

The DP that starts with the definition of the problem, reveals the problems, and ends with the
solution (Acici, 2015) is a set of chronological and repetitive activities (Asimov, 1962; Bayazit
2004). From the perspective of design and technology education, the DP generally includes the
steps of identifying a problem, undertaking research, generating plans of solutions, producing
solutions, and evaluating the solutions (Middleton, 2005). Lawson (2005) states that the DP is
infinite, prescriptive, and subjective activity carried out to meet a need. However, Selau
(et.al,2020) points out that design should be an independent process from the persons.

'‘Design Methods Movements'(DMM) were initiated in 1950s and 1960s with the support of
governments to conduct studies based on descriptive stages to define the complex DP.
(Alexander, 1964; Cross, 1986; Jones, 1965; Rittel and Webber, 1973; Gedenryd, 1998). The
purpose of the DMM is to understand the DP and to make it less dependent on the art and the
designer. Governments have led researchers to more systematic processes within the scope of
DMM. The oldest model that defines design as a systematic activity is the 'system’ or 'task-
oriented’ approach applied by NASA (Rittel and Webber, 1984). The DP stages developed by
different researchers generally as follows, understanding and defining the problem, collecting
data, analyzing data, developing concepts for alternative solutions, evaluating alternatives, and
choosing, testing, and applying solutions (Selau et.al, 2020).

In the 1970s systematic DP models were developed. The ‘Systematic Approach’ is a prescriptive
model and developed by Pahl and Beitz in 1974. According to this approach, after each stage,
which can be iterative, the 'decision-making stage' is carried out to evaluate the stage results,
repeat the stage or move on to the next stage (Kannengiesser and Gero, 2017).

While Rittel and Webber (1973) describe the DP as a rational research task, Schon (1983)
defines it as reflective practice. Archer's (1965) DP model is objective and rational (Herr, 2008).
Archer’s model (Figure 1), which also includes the training and experience of the designer
emphasizes the importance of data collection in the DP while stating that designers should
return to the data collection stage when needed after other stages. The emphasis Archer
attaches to the data collection stage is the designer's or engineer's intuition or custom and
practice (Davis and Gristwood, 2016).
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Figure 1. Archer DP (Cross, 2008)
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Figure 2. Archer Systematic DP Model (Cross, 2008)

Archer’s systematic model to achieve the targeted design result (Aktas and Colakoglu, 2018) is
grouped as analytical, creative, and executive phase (Figure 2). In programming, the problem is
defined, important points are emphasized, a business plan is made. Data is collected and
organized during the data collection phase. In the analysis phase, sub-problems are determined
and the product requirements, production problems and priorities are determined. In the
synthesis where design ideas are produced, the suitability and applicability of the ideas are
checked. The problems that need to be solved for the design idea to be implemented in the
development phase are discussed. In the communication, the necessary drawings are prepared
for production. In the DP model proposed by Archer, systematic observation and inductive
reasoning are used in the analytical stage, while subjective and deductive reasoning is used in
the creative stage (Linden et.al, 2011).

The DP stages in which different approaches are shown in Table 1 under the headings of early
and late design phases. The number and terminology of the stages used to define the DP
models are due to the professional design areas in which individuals are involved (Cross, 2008).
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Table 1. DP Models (Oygur, 2012)

DESIGN PROCESS

EARLY PHASE of DESIGN PROCESS LATE PHASE of DESIGN PROCESS
Programming > Data collection —>
Analysis —> Synthesis

Archer (1984) Development —> Communication

Pahl and Beitz Clarification of the task — > Conceptual

(1974) design Embodiment—> Detail design

Identification of Design problem —>

Schoa (192) Decision—> Reflection

Result

Early design Phase 'Fuzzy Front-end': The conceptual DP

The early phase of the DP is ill-defined, while the late phase of the design is better defined
(Sturges et.al, 1993). The early phase focuses more on creativity (Snider et.al 2014). While the
early phase is shown as the most efficient process for the development of innovative ideas
(Figure 3), it is also stated that the necessary data should be collected to make effective and
efficient decisions in the innovation process (Herstatt and Verworn,2004).

Characteristics

costs of changes

“fuzzy
front end” .
information

Innovation process (time)

Figure 3. Early Phase and Innovation (Herstatt and Verworn, 2004)

The early phase of the DP is the front end of the design activities in which the design problem is
defined (Cagan et al., 2002; Sanders and Stappers, 2012). CD completed in the early phase
period defined as ‘fuzzy front end’ has the most important effect in the DP (Grierson and
Khajehpour, 2002). However, the 'fuzzy front end' is the least structured phase, both in theory
and in practice, and there is a need to systematize activities to increase efficiency (Herstat and
Verworn, 2004). A structured process has a positive effect on student achievement (Radcliffe
and Lee,1989).

CD is the most important part of a project (Gharib, 2016), dynamic and creative phase, it is the
most difficult and least understood (Macmillan et.al, 2001). Good CD means innovation, and an
innovative design comes about when one deliberately tries to create one (Perkins, 1981).

Inquiry-Based learning in the conceptual design process

CD in which data collection and development of design idea is critical and is the most difficult
process for students. Because the student does not know what to do and how to reason with
the data obtained. Critical thinking on collected data at the early stage has a significant impact
on the next stages. (Bjorklund, 2013).
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Students should be in inquiry-based learning (IBL) style to develop their critical thinking skills.
IBL is based on the philosophy of Dewey (1986), which states that education begins with the
curiosity of the learner and then is the activities corresponding to learning and research. IBL is a
student-centered active learning approach where the students are part of the whole research
process (Herzog et.al, 2016).

IBL activities start with the creation of a research question and continue with research and
development of solutions (Herzog et.al, 2016). Students create new knowledge based on the
data they have within the scope of the research question. Generating new knowledge is an
important part of the learning process and at the end of the process, the findings are presented
(Herzog et.al, 2016, Mieg, 2019).

Wildt (2009) combines the IBL model with the Kolb learning model and describes research and
experiential learning as follows:

The research and the learning process start with observation of problems in the real
world and the concrete experience, the students are irritated by a situation or an
experience. The defining of questions or problems is part two of the cycle (reflective
observation) and ends with the formulation of research questions or hypothesis. The
abstract conceptualization is used to develop a research concept and design. The
developed concepts will be verified during active experimentation and new knowledge
will be created. From these findings new learning and research cycles start. (Herzog et
al., 2016).

Kolb's Learning Style Inventory is the most widely used model for design students due to its
generalized and reliable structure (Carmel-Gilfilen, 2012; Demirkan and Demirbas, 2008).
According to Kolb's model (Figure 4), a learning cycle consists of four stages: concrete
experience (CE) reflective observation (RO), abstract conceptualization (AC) and active
experimentation (AE). Design students are in the active learners group. He argues that learning
begins with experience, continues with reflection, and then becomes a concrete experience in
reflection (Kolb, 1984).

Concrete Experience
(CE)

perceive

Active Reflective

Experimentation process Observation

(AE) ‘ (RO)

Abstract Conceptualization
(AQ

Figure 4. Kolb ELT Phases (Demirkan and Demirbas, 2008)
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Students can reveal a relationship between the obtained data and the new knowledge with IBL
through research, in other words, the cause-effect relationship. Cause-effect express the
relationship between two phenomena caused by one phenomenon behind another (Salkind,
2010).

As the above discussion proves, it is concluded that a new methodology that combines the
conceptual DP with an IBL model and contributes to students' professional skills can be useful
in design. Guided questions encourage critical thinking about aspects of the problem that need
to be addressed to develop a successful design.

Design for the disabled

Disability is the condition of preventing one's full and effective participation in society on an
equal basis with others, due to imperfection (lack of psychological-physical functions),
dysfunction (inability to work compared to a healthy person) and disability (inability to perform
normal activities due to disability) (Koca, 2010; WHO, 2011; Borkli et.al, 2018), or long-term
physical, emotional, mental or sensory impairments (CRPD, 2020).

Design for the Disabled is defined with the terminologies' Universal Design ', Accessible Design’,
'‘Barrier-Free Design', 'Design for All' in the fields of architecture and design, and it is aimed to
make more inclusive designs. Universal Design means the design of products, environments,
programs, and services that can be used by everyone without the need for special design (UN
Human Rights, 2020).

Industrial designers are expected to take responsibility for the disabled, the homeless, and the
unemployed, as well as designing products for profit (Papanek, 1995; Yavuzcan et.al, 2019).
Norman (2009) also reveals the lack of education by stating that the disabled are not a small
group deprived of their rights and represent all individuals, therefore what needs to be done is
education, awareness, and empathy.

Apart from the concept of accessibility in physical environments, social, emotional, cognitive,
and physical needs of persons with disabilities should be met within their skills and abilities.
Considering these requirements, the terminology 'Design for Disabled' has been used to
prevent the project from being accessibility oriented.

Methodology - Conceptual DP with IBL

According to the discussions, auxiliary toolkits are required for students to learn the conceptual
DP defined as 'fuzzy front end'. Therefore, a toolkit focused on IBL learning that can be used in
teaching the conceptual DP has been developed. Fourteen students attending the Gazi
University 2019-2020 Distance Education Academic Year Fall Semester Design for Disabled
course, were asked to use new teaching toolkit. This toolkit consists of the CD Learning Tool
and its Matrix. The main purpose of the toolkit is to guide design students to develop design
solutions consistent with the design problem and develop critical thinking skills by learning the
conceptual DP defined as the 'fuzzy front end' of design with a systematic and inquiry-based
structured toolkit. The new tool developed encourages critical thinking about the aspects of the
problem that need to be addressed to develop a good design idea, with guided questions in the
process stage.
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The new learning tool (Figure 5), Archer systematic design model (Cross, 2008), IDEO Design
Thinking, Scientific Project Stages, City of Toronto Accessibility design guidelines, 5W1H tools
used in scenario and fiction development, and lecturers' self-knowledge were created. The
Archer model and the IDEO Design Thinking model cover the entire DP and research questions
are omitted. The City of Toronto Accessibility design guide focuses on 'Accessibility’, hence the
physical barrier. 5SW1H research questions are mostly used in developing scenarios and fiction.

Systematically structured New CD (Figure 5) guide consists of 3 main phases and 8 consecutive
steps: Analytical Phase (Programming, Data Collection), Creative Phase (Primary Analysis,
Secondary Analysis, Synthesis, Hypothesis), and Visualization Phase (Preliminary Design, Final
Design). A New CD Matrix (Figure 6) was created by using the New CD tool for the students to

process the decisions they make in each step. Students were asked to develop projects with
this process matrix.

The content of each stage in the newly designed CD learning tool is detailed in Figure 5.
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FUZZY FRONT-END EARLY DESIGN PHASE : CONCEPTUAL DESIGN PHASE

Programming Data Collecting

Business Plan Research

Research Observation
Reasoning
Purposes and Goals
Design Problem

Creating
Hypothesis

Secondary
Analysis

Primary Analysis

Research Research Research Research
Evaluation Evaluation Evaluation Evaluation
Reasoning Reasoning Reasoning Reasoning
Decision Decision Design Solutions Design Idea
Tools Methods/Technics

Final
Visual Design

Preliminary
Visual Design

Visualization Visualization

User Relation Product Dimension
Space Relation Space Dimension
Using Style

Figure 5. Teaching Fuzzy Front-End and Early Phase of Design: Systematically Structured
Phases of The New Teaching Tool for Conceptual DP
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Systematically Structured New Conceptual Design Process
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Figure 6. The New Inquiry Based Teaching Matrix for Conceptual DP

Project Topic: Conceptual Design Project for Individuals with Disabilities
Individuals with disabilities are grouped as physically, mentally, hearing and visually impaired.
12 weeks of the 14-week course process were conducted through online platforms during the
Covid-19 Pandemic. During the project, critical lessons were carried out synchronized online,
while a project management online curriculum application was used for the recording of
students' activities. The students uploaded the report of each project stage they developed for
the disability group they chose, on the application.

A design brief was presented to the students as a guide that conveys the form and content of
the reports they need to upload at each stage in detail. The reports submitted by the students
at each stage, were criticized by the lecturers. After the student's report was found sufficient,
the students added their decisions on to the process matrix. If the student's report was not
sufficient the student was asked to repeat stage.
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Using an online application, students were able to follow and examine each other's projects
and processes.

Analytical Phase

It is the phase in which the students are asked to define the problem their designs will address.
This step is important as it drives the rest of the DP and determines how project success will be
measured.

Programming

At this stage, a business plan related to the education and training process was created and a
guide was presented to the students. The contents of programming are specified in the
following 2 titles.

Guidelines for the Design for the Disabled

At this stage, a design brief was prepared by the lecturers to guide the students, the
presentations of the expected studies and the duration of the stages were shown.

Design for Disabled: Disability Group Selection

Before choosing the groups, for guidance, students be given the 9th and 30th articles of the
United Nations Convention on the Rights of Persons with Disabilities (2020), an international
human rights convention to protect the rights of the disabled. Students were asked to obtain
information about contents of these titles (Table 2).

Table 2. Articles of the Contract (UN Human Rights, 2020)

Article-9 - Accessibility
Article-10 - Right to lifeArticle-11 - Situations of risk and humanitarian emergencies

Article-12 - Equal recognition before the law

Article-13 - Access to justice

Article-14 - Liberty and security of the person

Article-16 - Freedom from exploitation, violence and abuse

Article-17 - Protection of the integrity of the person

Article-18 - Freedom of movement and nationality

Article-19 - Living independently and being included in the community

Article-20 - Personal mobility

Article-21 - Freedom of expression and opinion and access to information

Article-22 - Respect for privacy

Article-23 - Respect for home and the family
Article-24 - Education

Article-25 - Health

Article-26 - Habilitation and rehabilitation
Article-27 - Work and employment

Article-28 - Adequate standard of living and social protection

Article-29 - Participation in political and public life

Article-30 - Participation in cultural life, recreation, leisure and sports
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After choosing the disability group the students examined the population distribution and
demographic structures according to the groups.

Data collecting

Format: Be asked to present the data obtained in line with their literature reviews as an individual
research report, to have a list of sources in the last part of the reports, and to refer to the relevant
sources in the text in accordance with the APA format. The reports were uploaded to the board
by the students.

Content: Universal design, accessibility in public spaces, ergonomics, design criteria, social
services, spaces, events organized for the disabled, the problems and difficulties experienced by
the disabled are the research topics. During the data collection, students who could not meet
with users due to Covid-19 Pandemic were asked to benefit from previous written and visual
scientific research to get their opinions on the problems and experiences of the users. They
were able to use all kinds of written, visual, and video resources reflecting user opinions and
experiences. They were asked to present written and visual research summaries of the
literature on systems and technologies, communication, and social relations for people with
disabilities, examples of space and product design, standards, and regulations for disabled, and
surveys and analyses related to their research. Students were asked to collect data on the
studies and products, services and systems carried out according to the United Nations
Convention on the Rights of Persons with Disabilities (2020). The reports were asked to reflect
the summaries of the literature and to analyze the technical data obtained. Finally, they were
asked to present their answers to the research questions.

Research Questions: At the end of the data collection phase, the reports were completed by
defining the design problem, objective/objectives, and goal/goals. What are you designing for?
What is your design goal/purpose? Attention has been paid to ensure that the design goal and
purpose, which directly shows the design emphasis is clear, measurable, realistic, and
accessible during the project period.

Matrix Processing: The answers to the research questions are converted into keywords and
entered in the matrix.

Students who could not fully define their goals and objectives repeated the stage.

Creative Phase

In this phase the student develops tools, methods, design solution and design idea for the
design problem.

After the problem is determined, students continue to do research with written and visual
tools. Then, students work on possible design solutions.

They are expected to draw their design ideas with diagrams or maps and communicate why
they developed that design idea. The design idea is expected to be consistent with the design
problem.
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Primary Analysis
Format: For the continuity, the research was presented in a report with both written and visual
content.

Content: During the data collection phase, the data provide possible solutions to the design
goal. The students were asked to deductively analyze the tool(s) that will enable them to
achieve their design goals and analyze the structures and relationships.

At this stage, they have investigated the tools with which they could achieve their design goals.
This tool could be an object, a social or a physical activity. Students do not have to do research
focusing on people with disabilities. User demand analyses were requested. The students were
asked to do their research in line with the experiences and social or physical activities that
could be a solution to the design problem, considering the competencies of the disability group
within the framework of the design goal they determined. Finally, they were asked to present
their answers to the research questions.

Questions: Which tools can you use to reach your design goal? What are the tool(s) required to
achieve your design goal?

Matrix Processing: Entering into the matrix as primary analysis question-answer key definitions.
Students can write more than 1 tool.

The students who could not fully define the necessary tools to achieve their goals and
objectives were asked to repeat the stage.

Secondary Analysis

Format: For the continuity, the research was presented in a report with both written and visual
content.

Content: At this stage, the students were asked to research the methods, processes and
techniques they will apply while using the design tools they have determined. They were asked
to analyze structures and relationships with deduction.

At this stage, they researched design methods in line with design goals and design tools. This
method can be an action or a known technique or process. Students do not have to do research
focusing on people with disabilities. In the primary analysis phase, the students were asked to
conduct research, within the framework of the design goals and tools they determined. Finally,
they were asked to present their answers to the research questions.

Questions: Which method/technique/process do you plan to implement to achieve your design
goal? What are the methods required to reach your design goal?

Matrix Processing: Entering into the matrix as secondary analysis question-answer key
definitions. Students can write more than 1 method.

In the Secondary Analysis stage, the students who could not fully define the necessary tools to
achieve their goals and objectives were asked to repeat the stage.
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Synthesis
Form: Students prepared a report with original written and visual content in the continuation.

Content: This stage is the summary stage where the primary and secondary analysis data are
defined. One of the tools and methods that are in a cause-effect relationship towards the goal
was asked to be selected and declared. It was asked to define which user needs it could meet
by combining the decided tool and method. In the conclusion part of the report, they were
asked to present their answers to the research questions.

Questions: How do you plan to reach your design goal (method) and what will you use (tool)?
Matrix Processing: The selected tool and method were entered into the matrix.

If the tool and method was not consistent within the framework of cause-effect relationship,
students were asked to repeat the stage.

Creating Hypothesis (Development)

Form: In the continuation, the original reports were asked to define the project in writing and to
transfer their definitions using drawings, graphics, storyboard, animation, scenario map, user
map, system map.

Content: It is the stage where new and original assumptions are put forward, it is the design
framework. Design is the first stage in which solutions turn into an idea and the design idea is
developed. The students were asked to develop a design idea of a product or a space within the
scope of a tool and a method that was combined for a purpose and a target. Finally, they were
asked to present their answers to the research questions.

Questions: What's your design idea?
Matrix Processing: Entering design ideas into the matrix.

A step repetition was requested for design ideas that did not include previously determined
tools and methods.

Visualization Phase

The design idea is visualized, and design sketches are made. Finally, it is requested to work on
determining the dimensions, the choice of material, color, and texture.

Preliminary Visual Design
Form: In the continuation, sketches were requested.

Content: It was requested to transfer the fiction and scenario including the stakeholder, place
and time period of the created hypothesis. It was requested to design the user relationship and
preliminary form.

Matrix Processing: Visually entering projects into the matrix.

Final Visual Design
Form: In the continuation, sketches were requested.
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Content: It was requested that the preliminary designs be detailed in terms of product-space,
product-user, space-user relationship. It was requested to determine the dimensions for the
product or space, and to review the preliminary designs of the form according to the
measurements.

Matrix Processing: Visually entering projects into the matrix.

Stage Evaluation

Students who successfully completed each stage with clear answers were asked to enter their
decisions into the matrix and they were asked to be prepared for the next stage. The students
who were not consistency and clear were asked to repeat the stage aligned with the given
criticism.

Project management

Stage contents and timing of the students were important to manage the project. The stages
and timelines are shown in Table 3.

Table 2. Reports and Timelines

Project Phases Week Reports
1 Business plan

Analytical Phase Data collection (Determining Goals and Targets,

& Defining the Design Problem)

Primary Analysis (Identifying Tools Towards the
Design Problem)

Secondary Analysis (Determining the Methods
Regarding the Design Problem)

2-3

3-4

Creative Phase Synthesis (Determining the Design Solution for the

i Design Problem via Tools and Methods)

Hypothesis (Conversion of Determined Design

o7 Solutions into Design Ideas)

Preliminary Design (Fiction of Design Idea, User
Relationship and Visualization Studies)

Conceptual Visualization 76 Final Design (Determination of the Dimensions of
Phase the Visualized Design Idea, Applicability)

Jury Evaluation (Presentation of the Matrix and
Project)

8-9-10

12

Evaluation of Projects

Finally, each project was evaluated by 3 lecturers according to the criteria the level of
gualification in the Likert scale. The qualitative evaluations used instead of points in this study
are shared in the results section.

Analysis of Projects and Process Observations

Lecturers used a rubric consisting of criteria determined according to the learning outcomes to
evaluate projects. Evaluation criteria were in 2 parts as process and project. Process evaluation
criteria are project management, critical thinking skills, report presentation quality. Project
evaluation criteria are consistent cause-effect relationship, presentation quality, effective
communication skills, holistic design approach, originality, and innovation. The common
observation findings of the lecturers for each project were conveyed as analytical phase,
creative phase, and visualization phase.

The expected learning outcomes at the end of the newly developed Conceptual DP
methodology stages are stated as follows:
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e Being able to read written and visual data,

e Developing critical thinking skills (analysis, synthesis, evaluation),

e To conduct evidence-based research, to develop a meaningful product concept,

e To be able to create consistent cause-effect relationships between the design problem
and idea,

e To grasp the conceptual DP,

o Developing project management skills,

e Developing effective thinking, speaking, and writing skills,

e To create awareness on Design for Disabled.

Post-project questionnaire

Questionnaire completed by instructors: A rubric was asked to 3 lecturers to calculate the mean
values of the subjective evaluations (project evaluations).

Questionnaire completed by students: It was developed using the Likert scale to get feedback
from students about the effectiveness of the new teaching model developed to better learn the
conceptual DP defined as the fuzzy front-end. The questionnaire was applied to all the class and
answered by all of them.

Results

Fourteen students attended Gazi University 2019-2020 Distance Education Academic Year Fall
Semester Design for Disabled course. It can be said that the new teaching tool developed with
the students developing projects according to different disability groups is applied for different
projects. In this study, projects that constantly participate in the course and fulfil the tasks
determined at each stage are presented. Then, the results of the questionnaire were
administered by the fourteen students and finally the evaluations were made by the lecturers
according to the criteria.

The lecturers made the examinations in 3 stages. These stages are listed as analytical
(programming and data collection) (1), creative (primary and secondary analysis, synthesis,
hypothesis) (2), conceptual visualization stage (preliminary CD and final design) (3). The findings
below are made in the order given.

Project-1- Judo Education and Play Material for Visually Impaired Children

Student who chose the subject of design for visually impaired individuals were grouped under 3
headings as ‘facilitative designs for reading-learning, psychological/social themed research and
physical barriers encountered in the environment’ and it was concluded that the least number
of studies were on Psychological and Social themes. The student has chosen to work on 'Article-
30 - Participation in cultural life, recreation, leisure and sports’. The student categorized the
visually impaired individuals according to their demographic characteristics and conducted
research on their needs and problems. It was found that one of the problems faced by visually
impaired individuals is balance and it is mostly encountered in children between the ages of 5
and 10. So he decided on the concept of balance as a design purpose. The student defined the
design problem to solve the balance problems of visually impaired children in the 5-10 age
group.
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The student continued to research and analyze the design goal of the balance problem. He
avoided doing his research only on visually impaired individuals. He utilized scientific research
on the balance problem that can be encountered in every individual. At this stage, the student
asked 'what' and 'which vehicle' questions to achieve the design goal. He found that some
sports, especially judo, have important and positive effects on balancing. In the secondary
analysis phase of the research, he sought answers to the questions of ‘how’, ‘which
method/technique/process’ to achieve the design goal. He reached the data that children in
this age group learn best with games, toys or in social settings. He found that the best way of
learning for visually impaired individuals is from piece to whole.

When the student reaches the synthesis stage, the basic concepts that he obtained are balance,
judo, game/toy, social learning, and puzzle. He developed a new judo training solution through
a game/toy aimed at the student design goal.

Systematically Structured New Conceptual Design Process >
Data Collecting | Primary Secondary | Synthesis Creating |
Analyses Analyses Hypothesis
Anal Report-1 | Analyses Report-2| Synthesis Report Hypothesis Report
Report
| W [
Purpose [ Le:nning For visually impaired children
For what? [ Environment Perception between the ages of 5 and 10,
2 _ ) taking into account the facilita-
2 [ social Leaming ting effect of Judo in maintai-
g I sport ning balance and perception
cg ‘ of the environment, the idea of
= Tools I Judo Solution; _ an educational and game
2 With what? a new judo training solution material has been developed
= through games/toys using the method of learning
= from part to whole and percei-
2 == I Game / Toy ving the environment for
individuals.
g MethOdS [ Gamification e
How? .
e T 1IN From piece to whole
Modular
4 |

Figure 7. Project 1 Matrix

In the development phase, considering the facilitating effect of Judo in maintaining balance and
perception of the environment, the idea of an educational and game material has been
developed using the method of learning from part to whole and perceiving the environment for
individuals. He drew and studied the basic movements of judo and worked on wearable parts
that were compatible with the movements. A new judo learning model has been developed by
combining games, education, and judo in this designed product group. In the first stage of the
training, individuals use training and game materials to practice perception and matching by
touching. While the mathematical skills of individuals are improved with the modular units
where the Braille alphabet numbers are imprinted, the perception of touch is improved by
matching the modular units where different textures are embedded. Individuals who complete
this stage move to judo training. At the end of the second phase, the student developed a new
idea of judo training and educational material design to help balancing issue of the visually
impaired children.
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In the last phase, the student visualized the design idea and assembly. The product group
designed for a judo learning model that can be used for one person or two people consist of a
judo mat, arm baguette and wearable units. The judo mat consists of textured and smooth
modular units that assist in placing the feet in correct positions while learning steps. The judo
baguette, which is designed for short and long-distance arm movements, allows users to
perceive the limits by units placed on it. Wearable units for shoulders, elbows and knees allow
the user's perception of the right move towards the opposite player by the triangular units on
them.

The matrix of the project is shown in Figure 7.
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Figure 9. Project 1 Final Design Phase

Project-2- Acoustic Exhibition Area Design for Visually Impaired

The student has decided to work on ‘Article-30- Cultural life, recreation, leisure and
participation in sports' to design for visually impaired individuals. The student categorized the
visually impaired individuals according to their demographic characteristics and conducted
research on their needs and problems. He reached the data that one of the biggest obstacles
for visually impaired individuals is to socialize and participate in various cultural activities due to
navigating problem. The student defined the difficulties visually impaired individuals experience
in navigating to socialize as a design problem.

The student reached the examples indoor and outdoor spaces. It has been determined that the
samples developed only help them find direction and do not contain any social experience.
Within the scope of Article-30, the student defined exhibition areas as a means for disabled to
socialize. Thus, the student worked on interior spaces where they can have social and cultural
experience by using space and product together. The exhibition area designed for the visually
impaired has been functionalized with acoustics and building elements. There is a space design
with a U-shaped circulation structure dominated by concrete and glass. Users enter the venue,
take their headset from the box office at the entrance, and then proceed in the direction of
circulation and perceive the work of art placed with a 60-degree slope by touching.

Systematically Structured New Conceptual Design Process

Data Collecting| Primary Secondary Synthesis Creating
Analyses Analyses Hypothesis
ch yses Report-1 yses Report-2 Synthesis Report Hypothesis Report
Report
I Direction Finding
PUfpose [ Direction Detection When acoustics, light, and
S other building elements are

For what? I
2 e I soclcing well organized in closed
2 exhibition areas designed
g I social Spaces accO(ding to acoustic architec-
c=v e ‘ ture, it can be ensured that
= TOOIS I Exhibition Area Solution; ) individuals with little or no
2 With what? closed exhibition areas equip- vision can improve their
- ped with acoustic technology direction perception and
' provide socializing sharing
2 0| I 2udtory Space experience.
i MethOdS I ractile Space

How? Tactile Obi

Process, Thecnic - actie Object

<

Figure 10. Project 2 Matrix

In the third phase, the student visualized the fiction between space and product, designed
product-space physical relationship, materials, and measures. Visually impaired and healthy
individuals are guided in the space by headphones that are integrated with the central sound
system. The glass, which is used as a reflective surface on the exterior, also provides contrast
lighting for individuals with low vision. There are tactile surfaces on the floor to guide users in
the direction of circulation. He tried to analyze architectural elements, light, sound, and
building.

The matrix of the project is shown in Figure 10.
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Figure 11. Preliminary Design Phase of Project 2

Project-3- Learning with Social Story for the Mentally Disabled

The student who chose the design subject for mentally handicapped individuals decided to
work on ‘Article-24 - Education’, one of the contract articles in the first phase. In the
researchers conducted for the mentally disabled, the student found that the parents of
disabled children had difficulty in their behavioral training. These behavioral disorders are listed
as follows:

1. Solving problems experienced while traveling on foot (leaving the mother's hand while
crossing the street and running),

2. To explain not every desired object can be taken,

3. It aimsto reduce the overreaction to change.

The student developed a project for these problems.

The student researched the tools and methods that could be used to increase the learning
levels of individuals. The student has reached the data showing social stories used to help
children with intellectual disability to help them gain daily life skills. However, these social
stories were presented as written sources supported by visuals. The student formed the
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knowledge by thinking critically that the social stories presented in books could not be up to
date. The student reached the data that these individuals learn best by mirroring and taking
someone as an example (model-based learning). He tried to establish a relationship between
the social story he wanted to use in his project and to find a design solution to bring learning
and mirroring. However, the student aimed to use digital technologies to keep social stories up-
to-date and use them easily in every environment. Within the scope of the project, a digital
product with an animated didactic social story and a physical product used to remind the
information learned through stories were designed for individuals with mild mental disabilities
such as autism. Basically, the digital product aims to convey the correct theoretical information
to individuals through animation, to show the results of the elections again with animation; the
physical product aims to remind the theoretical knowledge learned in real life. The physical
product can be used both in mobile and stationary places.

The student conducted research on the characters and colors that should be used for these
special individuals. He designed an animation by developing all the characters and interfaces
according to the story he fictionalized. The student designed 3 stories containing successful
characters and fiction due to his special interest in the field of illustration. The matrix of the
project is shown in Figure 12. The editing and contents of the stories are shown in Figures 13
and 14.

Systematically Structured New Conceptual Design Process >
Data Collecting | Primary Secondary Synthesis Creating
Analyses Analyses Hypothesis
idual Research Report-1 yses Report-2 Synthesis Report Hypothesis Report
Report
B W ning

Purpose I Behavioral Disorder A digital product with an

For what? animated didactic social story
2 and a physical product can be
£ used to remind the information
§ | I social Story learned tprgugh stories desig-
c=.v ned to eliminated behavioral
= TOOIS Solution; disorders of individuals whom
g With what? social stories for model-based mild mental disabilities such
- learning. as autism. The disorders can
= 3
s learn by role-modeling the
2 | I Virroring heroes in the social stories
é Methods I Model-Based Learning

How? iai i

e Tiace I Digital Technologies

v

Figure 12. Project 3 Matrix
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Figure 14. Project 3 Final Design Phase
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Project-4- Gardening Area and Equipment Design for Physically Disabled

The student decided to work on one of the contract clauses ‘Article 26- Habilitation and
rehabilitation’ in the first phase and design subject for physically disabled individuals. The
student searches on the rehabilitation needs of physically disabled individuals and determined
socialization and rehabilitation as the design goal.

Through the studies on the rehabilitative effect of soil, one of the rehabilitation tools, the
student researched the hobby gardens. Hobby gardens are areas where people can relate to
nature, relax, and spend time in their surroundings. In line with the literature, the horticultural
therapy method used in the project includes the disabled individuals’ activities with soil and
nature in the garden. Therefore, the student presented the definition of an agricultural area,
agricultural system and agricultural facility and the method he would use in his design idea. It is
primarily aimed to plan the area where they can be active together on farm and to develop
agricultural units and systems suitable for those individuals to get away from the stress of the
city and spend time in gardens. A social facility including a parking lot for the disabled, a
common social area and a business office is planned. The matrix of the project is shown in
Figure 15.

Systematically Structured New Conceptual Design Process

Data Collecting | Primary Secondary Synthesis Creating
Analyses Analyses Hypothesis
h yses Report-1 yses Report-2 Synthesis Report Hypothesis Report
Report
B I Rehabviitation

Pur pose I socia Life Physically disabled individuals

For what? and the elderly can be offered
'é' the option of getting away
2 from the stress of the city and
= || I Horticultural Therapy spending time in hobby
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2 0ols Solution; _ the social needs of individuals
S With what? therapy with accessible through horticultural therapy
= farming land. gardens.
s
'§ - - Agricuftural Land Facility
<
g Methods I Accessibilty

How?

Process, Thecnic

<

Figure 15. Project 4 Matrix

In the third phase, the student worked on ergonomic and agricultural system units. There is a
user in each agricultural unit in the agricultural facility, units are protected by pergola which is
also used for stacking garden tools. Ergonomic and functional solutions have been developed to
provide easy access to root crops and other plants in agricultural units. Vertical opening lids in
the units are used for soil, fertilizer, etc. horizontally opening lids are designed for the
cultivation of underground plants (potatoes, onions, carrots, etc.). Rainwater flowing into the
PVC pipes attached to the roof passes through the drainage pipe and reaches the storage under
the agricultural units. In common areas, it was envisioned that individuals socially interact
during rest and breaks and engage in cooking activities using fresh produce from their gardens.
The preliminary and final design phases are shown in Figure 16 and Figure 17, respectively.
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Post-project student questionnaire

Students were asked to evaluate the new developed model and asked to score their learning
outcomes. The questionnaire of 14 students is shown below.

1-Critical Thinking Skill: Skill, was examined under the titles of design problem definition, data
analysis, data synthesis, and idea development. More than half of the students stated that they
developed critical thinking skills. 84.5% stated that they improved their design problem
definition skills, at least two-thirds stated that they improved their synthesis and idea
development skills. In Figure 18, it can be said that synthesis and idea development skills are
less developed than the ability to define data analysis and design problems. However, less than
one-third rated their idea development and data synthesis development skills as 2 or 3 out of 5.

Critical Thinking Skill (Technical Skills)

Idea Generation 15.4 15.4 38.5 30.8
Data Synthesis 15.4 15.4 38.5 30.8
Data Analyses 15.4 7.7 46.2 30.8
Definition Design Problem 7.7 7.7 61.5 23.0

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

1 (min) 2 m3 14 m5(max)

Figure 18. Student Questionnaire -1

2-Professional Skills: Skills was examined under the titles of conceptual DP and project
management. As shown in Figure 19, 92.3% stated that they learned the conceptual DP through
the newly developed model. More than two-thirds stated that they improved their project
management skills. Some students had difficulty in keeping up with the schedule of stage
contents and timelines (Table 3). It can be said that the project management score is
underestimated.

Professional Skills

Conceptual Design Prroces | 7.7 23.1 69.2

Project Management 15.4 7.7 23.1 53.8

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

B 1 (min) 2 W3 =4 m5(max)

Figure 19. Student Questionnaire-2
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3- The Effect of Systematic Research on Learning: It was investigated with 8 questions presented
below. The acceptability of the sentences presented by the students was evaluated with the
Likert scale. Results are presented in Figure 20.

e Ql:llearned to do research that will benefit my project.

e Q2:1have learned to analyze research data.

e Q3:llearned to obtain data from my research.

e Q4:1developed my project idea based on the data | obtained from research.
e (Q5: | learned to synthesize the data | obtained.

e Q6: | understood the relationship between ideation and research.

e Q7:lunderstood the relationship between design process stages.

Effect of Systematic Research on Learning

Q7 | 7.7 7.7 231 61.5
Q6 15.4 38.5 46.2
os 23.1 69.2
a 23.1 69.2
Q3 | 7.7 38.5 53.8
a2 61.5 30.8
ar N 77 53.8 30.8
0% 20% 40% 60% 80% 100%
M Strongly disagree Disagree Neutral Agree Strongly agree

Figure 20. Student Questionnaire-3

Two-thirds using the new model comprehended the data they obtained through research. They
stated that they understood the effect and importance of the data obtained as a result of the
research on the development of the project. The students stated that they learned the
relationships between the stages of the DP and have experienced the DP that had to progress
cumulatively. 15.4% stated that they were undecided in the effect of the research on idea
development.

4- Contribution of the Project to Personal Development: It has been researched with the next 2
questions (Figure 21). While 92.3% stated that their individual awareness of designing for
disabled individuals has increased, they also have realized their professional responsibilities.
92.3% said that they obtained scientific data about disabled individuals through a research-
based project as 4 and 5 out of 5.

e Q8: | have obtained scientific data on disabled individuals.
e Q9: | have increased awareness of design for disabled.
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Impact of Project on Personal Development

Q8 38.5

as . 7

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M Strongly disagree  m Disagree Neutral Agree m Strongly agree

Figure 21. Student Questionnaire-4

5- The Comparison of the New Model with the Traditional Models: 1t was aimed with the following
questions (Figure 22). It was evaluated as 4 and 5 out of 5 that the students benefit more from
the research results through the new model. The relationship between the newly developed
model and the stages of the conceptual DP that needs to progress cumulatively was
comprehended by the students 76.9% more. Students made lower evaluations of the effect of
the new model on creative idea development.

e Q10: | benefited more from my research while developing my project.
e Ql1: | understood the relationship better between the stages in the process.
e Q12:1developed a more creative idea.

Comparison with Traditional Studio Courses

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

W Strongly disagree  ® Disagree Neutral Agree W Strongly agree

Figure 22. Student Questionnaire-5

Lecturer reviews of projects

The lecturers evaluated the process and project using the Likert scale. Project management,
critical thinking and reporting quality are determined as process criteria, while project
evaluation criteria are consistent cause-effect relationship, presentation quality,
communication skills, innovation. After taking the average of the lecturers' evaluation results,
the final results are shown in Figure 23.
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As shown below, project management, critical thinking process criteria and consistent cause-
effect relationship, presentation and communication skills were mostly rated as accomplished
and exemplary.

However, creativity and report quality criteria were evaluated lower than other criteria. It is
known that design students are generally insufficient in preparing written reports. More than
half of the class was evaluated at developing and beginning levels in the report quality criteria.
Innovation criteria evaluations are of equal weight in beginning, developing and accomplished
degrees.

The evaluation of students' critical thinking skills including problem definition, analysis, and
synthesis activities as accomplished and exemplary shows that students use research data
effectively in their projects. Therefore, the criterion of cause-effect relationship was evaluated
at an approximate level with the criterion of critical thinking skills.

In the visualization phase, the students presented ideas effectively. While 77% were rated
developing and accomplished in visualizing the design idea, 7.7% were rated as exemplary.

69.3% were rated as developing and accomplished in their communication skills. This criterion
evaluation can be explained by the fact that students mostly have to use verbal communication
during the distance learning-teaching period.

According to the lecturers' observations, the projects are generally at an accomplished level. It
can be said that the goal of developing critical thinking skills and learning the conceptual DP are
mostly achieved with the new model. However, a small part of the class met the expected level
in the innovation criteria.

Project Assesments

Innovation 30.8 30.8 30.8 7.7

Communication Skills 7.7 23.1 46.2 23.1
Presentation 15.4 30.8 46.2 7.7

Consistent Cause-Effect Relationship 30.8 46.2 23.1
Report Quality 15.4 53.8 23.1 7.7

Critical Thinking | 7.7 23.1 46.2 23.1

Project Management | 7.7 23.1 46.2 23.1

0% 10% 20% 30% 40% 50% 60% 70% 80% 90% 100%

M 1 (min) Unacceptable 2 Beginning 3 Developing 4 Accomplished 5 (max) Exemplary

Figure 23. Evaluation of CD Projects
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Discussion and Conclusion

In this study, a toolkit focused on IBL was developed to ensure that the conceptual DP defined
as fuzzy front-end can be comprehended by students. This toolkit consists of 8 stages of
conceptual DP tool and matrix as presented. The tool set has been developed with the
approach that the DP can only be comprehended when it is structured systematically (Archer,
1965) and Wildt’s (2009) inquiry-based active learning approach. The main purpose of the
toolkit is to guide students to develop design solutions consistent with the design problem and
develop critical thinking skills. The new tool developed encourages critical thinking about the
aspects of the problem that need to be addressed to develop a good design idea, with guided
guestions in the process stages. The new teaching model was applied in the Design for Disabled
Class at Gazi University during the Covid-19 pandemic in the 2019-2020 Distance Learning
School year. The methodology of the project is designed to achieve the determined learning
outcomes. Students have developed different innovative solutions for individuals in different
disability groups. The new teaching model was evaluated by the students through a
guestionnaire. Student projects were evaluated by lecturers using a rubric.

Through the systematic and task-oriented new model, students are guided to create a
consistent cause-effect relationship between the design problem and the design idea they
developed. It has been ensured that the relationships that they need to establish between all
stages of the conceptual DP, which must progress cumulatively, are comprehended. A
significant portion of the students found that the new model improved their critical thinking
skills. The students stated that the ambiguity of their research purpose in the previous project
is a waste of motivation and time. The students experienced the effect of a conscious and
systematic research, starting with a question, on creating knowledge, developing the design
problem, its solution and idea through analysis and synthesis throughout the DP. The students
acquired this experience through iterative stages.

When research is mentioned, students who focus on non-scientific written and visual data
through internet resources have realized the effect of scientific research on developing design
ideas with this project. Students stated that with the design project for the disabled, they used
written and visual resources more consciously and effectively than ever before, and their data
literacy skills improved.

In the new learning model developed, they stated that the phase in which the students had the
least difficulty was the visualization phase. It was stated that the most challenging phase was
the creative phase and the analytical phase, respectively. Students have not carried out a
research-oriented project in their past education process, and they mostly conducted research
on the superficial and late design phase such as sample analysis, user comments, user needs,
product technical analysis, material selection.

Students have stated that their professional responsibility and awareness in the field of social
design increased. While the projects developed by students for children and adults with
disabilities are in the fields of music, sports, professional life, games, social areas and
education, the students addressed games, social areas and education more than others.
However, the lecturers stated that the courses with social design content are in the lesser
number of university curricula.
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According to the results of the evaluation made by the lecturers, the success of the students in
the process was found satisfactory. While the projects are mostly found successful in the cause-
effect relationship criteria, it is not the case in the innovation criteria.

It was stated that in this project, the design students were less successful in the fields of
research or presentation report creation, written text creation, written communication when
compared to visual communication areas. This can be explained by the fact that design
departments include more visual presentation techniques in their curriculum. However, written
text literacy of students also needs to be improved.

Combining the Kolb learning model in which design students are positioned in active learning
and the IBL model, Width (2009) states that active learning takes place with research.

The evaluation criteria made by the lecturers were determined according to their learning
outcomes. According to the results, project management, critical thinking and consistent cause-
effect relationship, presentation and communication skills were mostly rated as good and
extraordinary. However, a small part of the class met the expected level in the innovation
criteria. It can be said that the goal of developing critical thinking skills and learning the
conceptual DP are mostly achieved with the new model.

The similarity rates of the data obtained through the scientific literature research conducted by
the students are quite low. Most students focus on similar problems and develop similar
solutions, as they do similar research in their projects where they do not apply any model. Even
if similar problems are handled in the above projects where the new conceptual design model
is used, there is no similarity between the solutions developed. Although the students with
Project 1 and Project 2 both developed projects for the visually impaired, they were able to
develop quite different, impressive, and innovative processes and techniques in their projects
by using the new model. The student who has Project 3 has successfully synthesized the
existing scientific knowledge with the matrix he has completed based on scientific research and
presented a new approach that keeps up with the digital age. Although the owner of Project 4
did not develop an innovative solution, he developed a quality solution in terms of ergonomics
and organization by successfully synthesizing the scientific data he obtained in the field of
ergonomics and establishing cause-effect relationships well.

More comprehensive results can be obtained by repeating the study with a larger sample group
as this researched was done with a limited number of students. The overall results of the
project showed that the new model has improved the design students' competencies and
learning outcomes. Although the research focused on design for the disabled, the developed
process model can be adapted to different design problems.

Students could not develop their projects as prototypes and discuss their results with users
because the research focus was conceptual DP defined as fuzzy front-end, in other words, early
design process. By completing the entire design process (early and late design process),
different findings and results can be obtained with a repeated study.
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