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ABSTRACT

ASSESSINQJSABILITY OF VIRTUAL REALITY FOR BASIC DESIGN

EDUCATION

¥zgen, Dilay Seda
MFA, Department of Interior Architecture and Environmental Design

Supervisor Asoc. Prof. Dr. Yasemin Afacan
Co-SupervisorAsst. ProfD r . EIl i f S¢rer

Juy 2018

Being an emerging technology, virtual reality is used in a wide rahfjelds such

as medicine, gaming, psychology and sociology. There are also wide range of
researches that compare traditional and digital methodologies in design education.
However, in design education, there is a limited research into the implemenfation
virtual reality (VR). Therefore, thithesisfocuses on the usability of virtual reality in
design education, especially during problsaiving activity in basic design

education.

This thesigresents the basic design education literature in teriahg)itel
approaches, virtual reality technologies, usability criteria and also technology
acceptance model. In order to to analyreusability of virtual reality in basic

design education, axperimental study conducted with 20 first year interior



archtecture and architecture students in the Spring semester cRPQ87academic
year, at Bilkent University. It is found that there is a statistically significant
difference in terms of intention to use and perceived enjoyment between the VR
group and papdpased group. Moreover, there is also a statistically significant
effectiveness difference between of VR and pdjaesed environment. As a result of
that, it is stated that VR can support probieoiving activity of basic design

education.

Keywords: BasicDesign EducationTechnology Acceptance Model, Usability,

Virtual Reality
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CHAPTER |

INTRODUCTION

In the era of technology, using computers and other technologies in design is
inevitable. Until the 90gjesign education had been taught by traditional ways.
However, today computer aided design has a great value on design education. As a
result of that, design process is improved in shorter times flexibly and alternatively
(Liu, 2006).Today, digital methoologies enhance the precise capabilities of
productive and performative processes that never existed in previous traditional,
paperbased methods. They also change the traditional processes and layout of
traditional design (Oxman, 200&xman (2008) putdrward the idea that students
must know conceptual foundations and strategies of new digital technologies,
therefore they can present new approaches to project their ideas fluently because
digital techniqgues provide Digtaldent s di st |
methodologies today are enhancing certain capabilities of generative and
performative processes that were never available in conventional; et

methods. As a result, traditional concepts of (pdyaeed) representation today lose
their centality as a conceptual basis for explicating the processes and knowledge
associated with digital design ( O x ma02). In2a@dii@, VR technologies

have a place on design education. Portman, Natapov and-Bshartzman (2015)



mentioned the strongopential of VR in design. Rieuf, Bouchard, Meyrueis and
Ombhover (2017) stated that VR is simple, manageable, motivating, agreeable and

pleasant for sketching in early stage design.

Usability is a term, where a prototype or any product is evaluated iydinals or
teams (Nielsen & Molich, 199Wielsen, 1998 This evaluation leato improve

and test the existing systems &mdorototypesin order to test virtual reality (VR)
Usability evaluations are widely usedtins system Because o¥/R is the

technology that has been developing day by day the popular tool for scientific
literature to investigate in different areas as medicine, psychology, education, etc.

VR is also deeply investigated in education literature to understand how usable it i

1.1 Problem Definition and Thesis Objectives

Briefly, VR has the potential to support problksaiving activity in basic design
education. Additionally, there are different types of usability measures for VR as
TAM and ISO standards. However, there is tediinformation and studies
(Heydarian PantazisGerber & BecerikGerber 2015h Rieuf, et al, 2017 in terms

of the usability of VR in design field. Thus, this thesis aims to find whether there is
any statistical difference between usability of VR aadgrbased environment in

the process of basic design probleatving activity.

As part of the education literature, this thesis analyzed the usability of VR in the
basic design education. In order to understand that it is asked that can virtual reality

adequately support problem solving activity of basic design education? The aim of



this experimental study is understanding the usability of VR in basic design in terms
of effectiveness and technology acceptance model (TAM). Although efficiency is
explainedand defined under International Organization for Standardization (ISO), in

this thesis will be disregard because of lack of equipment.

1.2. Structure of Thesis

This thesis contains fivehapters. In Chapter 1, a brief introductisriollowed by

the defnition of problem. In Chapter 2, first, definition of basic design and basic
design education were given. Thetements of basic design, and its principles are
explained deeply. In addition to that, explanation of digital approaches for basic
design prolem solving activity are followed. In Chapter 3, virtual reality is defined
and explainedh termsof immersion architectural design and design problem
solving activity.Then, usability is followed in a content of virtual environment
systems. TherSO sandards are discussed as efficiency, effectiveness and
satisfaction criteria. Technology acceptance model alagpast ofusabilityconcept

It is conceived under the satisfaction criteria of usability because it is a heuristic
evaluation modelTAM hasfour different components which are perceived
usefulness, perceived ease of use, intention to use and perceived enjoyment
explained in this part. In Chapter 4, first, research questions and hypotheses are
presented, then the setting of the study, parintgpand instruments are explained
respectively. In Chapter 5, the results are divided into the two categories, which are
descriptive analysis of usability of virtual reality and comparison of virtual reality
and papebased environment. In the comparisoralysis, effectiveness test, TAM

findings are analyzed. This analysis contains descriptive results, correlation and



regression resultand finally independent and paired samples t test results. Finally,
overall discussion of the findings is presenteldager 6 is the conclusion of the

thesis.



CHAPTER 1l

BASIC DESIGN EDUCATION

2.1. What is Basic Design and Basic Design Education?

In design disciplines, such as architecture, industrial design, interior design, graphic
design and landscape architeetlbasic design education deals with a grammar of
visual language. Wong (1993) states that this language is the root of design creation,
which design students must deal with and be accoutered with the knowledge of
principles, rules and concepts of visoajanization so that they can broaden their
capability in visual organization. Recognition of visual sophistication is the
elementary aim of basic design education (Zelanski & Fisher, 1996). Moreover, basic
design education also aims to raise awarenesprandle visual sensitivity in

transferring an image onto the design field (Akbulut, 2010).

AfDesiafpet ies o g e n eJmmmakkag20biraadstsated thatesign is
approaches, strategies and methodologies which are affected by experience of

desigqers. Within his idedasic design is also a methodology and apprdzasic



Design is defined as the pedagptiyough which holistic, creative and experimental
abilities are encouraged and diverse learning styles and cognitive thinking are
developed basd on the fundamental principles of design (Boucharenc, 2006). Basic
design education is the expression of these abilities in aesthetic level and transfer of
thinking, emotions, and impressions of a persongBe,Kuloglu &

Fathalizadehalemda015).

2.2 The History of Basic Design Education

In 1918, Bauhaus School was established that considering creativity can be

learnable and teachable thanks to foundation courses. Therefore, it was laid a
foundationof t odaydés understanding of basic de
founded the first design school i n Ger ma
institution has initiated the design education to collaborate industry and design.
Understanding oBauhaus congregates art and craft. The reason of this was

transforming the design as a practimsed approach (Akbulut & Kesdi, 2017). The

elements of design education and fine arts were combined. According to Ozsoy

(2003), Bauhaus was the school, whéee apportunity was provided to perform

courageous experiments while using imagination considering design elements.

Thanks to this course, students could evolve their knowledge and their special styles

in terms of the discovering, creating and experimer({fdggicharenc, 2008).

Since the Gestalt theory appeared at the beginning of thee2@ury, design

education was affected. Gestalt theory put forward the idea of pureness and easiness



are must for design. Thanks cdesignt he Gest al

education had turned to an intelligible and inclusive form.

2.3. Aspects of Basic Design

In 1951, Graves organized the elements of design in hisTho®lArt of Color and

Designthat was considered as the reference book. He listed seven elelnent

direction, shape, size, texture, value and color. He also put forward the list of

principles of design: repetition, alternation, harmony, gradation, cowfpasisition

or conflict, dominance, unity and balance. Alheim (1954) published a study tha

takes strength from Gestalt approach. Thus, perceptual mechanism of visual art is

covered with balance, shape, form, growth, space, light, color, movement, dynamics

and expressiom Al | v ebasicidesigpf orfesé6t ul ti mately on t |
eXxi sts what Grrlenentuasd lawa df desigiElenddbn® @ f f or m an
dawsd f or putting them together. o (Jones,
Kandinskyés description of elements. The:
dimensimal works. For thredimensions, he describes elements as spheres, cones,
cylinders, and pyramids. According to Jonas (1969), Mehalygy added to this list

some other elements as crystal, plate, strip, spiral. After that, Itten arranged them into

this a Ist of materials, textures and, softness and roughness (Jones, 1969). Itten

(1975) generally combines the idea of texture with tactile feelings. Students
experienced different textures in |Ittenod:
metal, wire, fursbark, glass, fabrics, stone. Students learned creating contrast

between their forms using different textures, tactile objects throughout the smooth



rough, dultshiny, transparergpaque. They had tendency to increase their sense of
touch and optical senséltten, 1975). For the interaction design foundation, pattern
is defined as fApatterns are simply a rep:i
working in concert with each other.o ("R

Pattern is a repetition of anfiape and it gives the sense of continuation.

Itten (1975) mentioned that people may have different approaches to basic design
elements such as some of them tend to use light and dark, some of them use form,
rhythm, color, proportions, others tend to tese¢ure, spatial direction and volume.

In addition to that, analyzed visual form parameters are point, line plane, texture,
scale, color, pattern and contrast as the basic elements of the basic design (Dearstyne,
1986; Bonollo & Lewis, 1996). They were paunded by Bauhaus personalities as
Itten, MoholyNagy, Kandinsky and Klee. Their aim is to release the creative powers
of the student, to help him/her understand the natumeatdrials andliscern the

basic principles of creative work. Concern with stylevements of any sort is
consciously avoided. Observation and representation, to make clear the need for an
identity of form and content, define the limits of the preliminary course (Bonollo &

Lewis, 1996).

According to Itten (1975), form is the mostportant part of the preliminary course.
Forms were described by expression of students who blend rhythms and its harmony.
Basic geometric shapes, which is generally called as Euclidian geometry, is the
primary expression of designers. That is why it is/\easy to grasp, to learn the

order, to depict (Denel, 1979). Zelanski and Fisher (1996) explain shape and form as

two different things. They describe shape, which is related to-aitwensional



figure that appears. On the other hand, form is relatdtetthteedimensional figure

that appears.

Color is a concept that shows the property of materials and also it serves the light of
these materials (Agoston, 1987). In Bauhaus school, color is related to the surfaces
especially for the thredimensional degns. Colors reflect the quality of surfaces
because they are related to the quality of appearance. Hue, intensity, texture
influence each other as much as the material tactile or optical (Bayer, Gropius &
Gropius, 1959). Itten (1975) mentioned about colorhis studies during he was
teaching at Bauhaus school as a preliminary teacher. He first has been teaching
primary colors, which are yellow, blue and red to his students. And then he let his
students work with secondary colors which are orange, \aolkigreen. After that,

he was asking to the students to mix secondary colors to create tertiary colors which
are yelloworange, orangeed, redviolet, violetblue, bluegreen and greeyellow

(Itten, 1975). He also categorized different contrast effadisa world of colors:

The pure color (hue) contrast, the lighark contrast, the coldbarm contrast, the
complementary contrast, the simultaneous contrast, the contrast of quality (color
saturation) and the contrast of quantity (Itten, 1975). Color anttast have a role.
This role was functionality as much as

Steadman, Hill & Scott, 2006: 343).

Furthermore, for design education especially basic design, there are aspects to
combine all elements of design teeate a design within a language as quality of

design, characteristics of design and system of organizations. These pspades



with design elements such as, color, contrast, pattern, texture, shape and form. In

order to understand these aspects de@gixt section it will be explained.

2.3.1 Quality of Design

In order to understand the quality of designity, order, harmony, hierarchy,
balanceandrhythm terms will be defined in the context of basic de§iigure 1)
These elements are commowognd of basic design education. Therefore, students

learn designing with the guidance of these elements.

Unity can define as being one in the organizatidermony of elements in the
organizatiorattributes to ordefRoth,1 993 ) . Or der waginwhelH i ned
people or things are arranged, either in relation to one another or according to a
parti cul ar (GCahbaidgeaEngli€hDictrtany, @18). Harmony is

described as the pleasing of combinations and parts in between in a composition
Olgunt ¢rk & Demirkan, 2011). Hi erarchy

elementsn a rank between importance and petty (Uysal Urey, 2017). Ching

(2007339 descri be hierarchy as fAthe articul

ofaformorspacky its size, shape, or placement

Balance provides visuals equilibrium. It depends among visual abundance, weights
of the design elementgnity and organization are the main organizations of
balanced design. There are thrgeety of balance as follows; symmetrical balance,
asymmetrical balance and radial balance (Uysal Urey, 2017). Risytie

repetition or alternation of motifs or elements in the unifying movement (Ching,

2007).

10
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Quality of design is the one of the aspectdesign. Thanks to unity, order,

harmony, hierarchy, balance and rhythm designers have evolved their design and
projects. Therefore, it can be state that, quality of design of their projects should
represent these elements in their design process.

o o U

Symmetry W;ﬁ S )

- M

<O

Hierarchy

Rhythm ooooo O 0o o&¢o

Figure 1: Quality of design element&eprinted fromArchitecture
Form, Space, & Ordefp.339), by FChing,2007,Hoboken, N.J.John Wiley &

Sons

2.3.2 Characteristics of Design

In order to understand the characteristics of design, shape, size/scaleipmoport
direction/orientation terms will be described in the context of basic désigure 2)
These elements are also essential for basic design education. Therefore, students

learn designing with the supports of these elements.

Outlines and counter ohaelement represents the shape of this element. It is

differentiated in regular and irregular shapes, and also its dimensions and sizes

11



(Ching,2007 Ol gunt ¢r k & RE8aiveisizek etween dethéols) .
shapegprovides visual drama to take atien to in a single point or a focal point. It
shows the relation and proximation between small and large as an element in the
composition (Ching2007). Proportion joins in the size and scale as a degree,

guantity or magnitude &Dentrkame 20dl).el e ment s

/N, O

Figure 2: Shape/form/sizeReprinted fromArchitecture

Form, Space, & Ordefp.34), by FChing,2007, Hoboken, N.JJohn Wiley &

Sons

2.3.3 Organization Systems

In order to understand the organization systems, central, axial, teckar, gridal

and nodal terms will be described in the context of basic déSigare 3) These

systems are the base for basic design education. Therefore, students learn designing
with the supports of these organization systdbesigners utilizerbm different

system of organizations to create their projects. Central organization is one of them.
It consists a center that is dominant, large or concentrated. It has secondary group/s
around the center (Ching007. But linear organizations are settle a line and

mostly they consist of repetitive forms which depends on size, form and function

12



(Ching,2007. In addition to that, radial organizations combine both linear and

central organizationsd® el ement s.
o G | T | — - |
o | | o [ e | r e { // ‘ n
LICICIC] j K. u |
| L_x._ ]L JLJ ‘ k. -Vvo\-‘\ D O ‘
EEE N O |B | <©
| | I L | \/ \ )/ N =
Ll / N 0 |
[ OO0 (. i / T| a ‘
‘ / A \
P - o | IS TRNCT SR ) D) GENTISSWRRITE [ i  EETE SOR P. |
Grid Nodal Radial Linear Cental

Figure 3: Organization system&eprinted fromArchitectureForm, Space, & Order

(p.339), by FChing,2007, Hoboken, N.JJohn Wiley & Sons

It has one dominant center which dires¢veralinear radials. On the other hand,
nodes and nodal orgaaizon systems includes more than one centers. Around these

centersshapes or forms are distribut@d a node (Chin@007).

2.4 Basic Design Thinking

2.4.1 Design Thinking and Abstraction

The critical issue in basic design education is abstra@itlents are trying to deal

with an undefined goal and possible alternative appropriate solutions (Casakin &
Goldschmidt, 1999)They have to learn how to deal with abstract compositions,
rather than concrete productaddevelgpng?®r ,
design languages by providing abstract compositiondesign education, #ilefined
problems are given to students. According to Cross (2006), abstract problems, which

are given at basic design courses, help students put forward theizetyatgas
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about a design problem. Besides, learning by doing activity becomes the part of basic

design education thanks to the process of studio activities.

2.4.2 Basic Design Problem Solving

In literature, there are various goal definitions for basgigh education. These

defined goals of basic design education are listed under the following categories: the
development of creativity and problesolving ability, thedevelopment of visual

perception, and the development of design languBgaén et al., 2015; Denel,

1981, Kulojlu & Asasojlu, 2010; Lang, 19

Salama& Wilkinson 2007.

Design means that an organization is proposed as a readolution to an existent
problem.Lawson (1979) created a foutation for problem solving with architectural
design students. He categorized problem solving activity in two groups; problem
focused, and solution focused. These two are thesbarsgesign problem solving.
However, Dorst and Cross (2001) put forware itea that solution and problem

cannot be thought separately. Designers develop both in pdrabbetler to put an

idea to solve a problem, first attempt appears in the mind as form. After that, this

form turns to real and concrete process of creafion i 2004).,This process is not
linear because of abstraction. Therefore, to handle this process, logical and conscious
steps must be taken with the help of reduction of complex abstraction to more

concrete solutions.
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As ¢tetinkaya ( aedbdnagingearietgof exerdisesdG@vant s

projects and design problems proceed cumulatively therefore, students are expected
to use their experiences that they gained in previous exercises. Within this
knowledge, students hatleetendency to be more ptical tothe framework of
problemsolving. It is also expected from them to be enhanced in visual thinking,
memory and understanding of their environment. In orddotbat, they have to

able to use different techques of drawing and presentation. THegve to be

efficient at threedimensional thinking as much as tdonensional thinking and

perception (¢etinkaya, 2011).

Basic design course contains tdionensional and thregimensional projects that

deal with different types of design problems. Theme different types of

approaches and ways of teaching design are used in basic design education. For two
dimensional projects, students use only paper materials to copa giwttn design
problem using design elements and principles, which are exgediedolved by

students. For thredimensional projects, it is expectasiworking with form

relations, objects and its environments. In order to sotlesign problem, students

also integrag design elements and principleg using more threeimensioral

materials such as polystyrene foam, corrugated cardboard, clay, plaster and wood

(Erdojdu, 2016; Makakl é& & ¥zker, 2015;

S ¢ h(A985)stated that design studio environment is very important for students to
understand basics of design thinking, design action and theory of désgalso an
environmenteatrmicnaourbayg dasit tesigd stualio dlso aimsttoy .

create a mathematical rationale in the probsatving process, to encourage more
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connections to the outside world, to encourage decrsiaking skills and, more

importantly, to improve themselsewithin the framework of designing philosophy

and theory (Hhiaedrassaao@(i0Iin ke aEnmosphere of

design studios, students have g@atortunitiedo learn by doing the methods of

design process as an intellectual movenjpotrmu Kk ¥zt ¢ r k, Bekgen &

2018).

On the other hand, integrating digital tools in early stage design process provides
students more meaningf ul i nfluence in thi
digital environments are included in the early staggign, students have tendency to
participate to process more and to have more motivation to solve advanced problems.

Therefore, it can be said that digital methods and tools provide students utilization.
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CHAPTER 1l

VIRTUAL REALITY

3.1 Definition of Virtual Environment and Virtual Reality (VR)

Virtual environment (VE) is an experience with digital produlttis a spatial
representation of 3World, which allowsreal time interactions in different scenes.
It is used as an agent for communicgtwith all processsof designing within the
digital world (Bullinger Bauer Wenzel & Blach, 2010). It is a common medium
among different industries such as automotive industry, medical industry and
military industry. Especially on design research fieldsjous technologies like
simulation tools are on the rise (Portmanal.,2015). New virtual world platforms
and technologies have aroused interests of researchers including design field. In
addition to that VE have encouraged designers to represstdismover themselves

with a great ease (Schnapélang & Kvan, 2008).
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There are various types of definition of virtual reality (VR). According to Cambridge
Dictionary (2018), VR is fia set of i mage:
seemtorepresen a pl ace or a situation that a pe
English Dictionary, 2018). Regenbrecht a
component of communication, which takes place in a comygateerated synthetic

space and embeds humans as aineing r a | part of the systemeéc
et al., 2015). According to Sherman and
6syntheticd words, which are the parts of
five i 6s of VR. Tenaetiseeimmedsise, ibustrativdand ensi v e,

intuitive.

Biocca and Delenay (1995) explained VR as an experience, a world beyond reality
(Berg &Vance, 2016), as digital technol o
real time simulation techniques, and a wadieay of input and output devices, powers
interactivity, real time renderingandselffavi gati on (Erdojan Ford
il lusions of being in a virtual environmi
different categories. These are Aammersive partially immersive and fully

immersive. Within the content of this thesis fully, immersive reality is considered. In
that point, i mmersive refers to fii mmerse
update the environment in real time according torevtiee user is looking or

moving. o0 (Biocca & Delenay, 1995:2). VR
replicate a real environment and present various experiences to users (Chryssolouris,
Mauvrikios, Fragos & Karabatsou, 2000). VR has changed thecwraputers are

used in a way that processing big volume of abstract data, which is experiencing with

touchable and visible features of virtual environment-@hang, 2017).
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Zhi-giang (2017) also categorized VR into three aspects (immersion, interaation an
imagination) to derive it from VERegarding to immersiothreedimensional world

is generated by computers and projectorthatt can diversifyavirtual

environment when viewers immersed in the artificial environnartthey can

sense the enviranent with this diversity (Zhgiang, 2017)Zhi-giang (2017)
explainstheinteraction as follow, in avirtual environment, user can change the
direction, properties and motions of the objects like in a real world therepgrine

able to manipulatéhevirtual environment as they wish. Imaginatisrdefined as
virtuality thatencouragepeople to imagingbecause it is the developed ansteps

ahead of traditional drawings (Zhiang, 2017).

3.1.1 Immersive Virtual Reality

Schnabel et al. (2008) sditat the more virtual reality is immersive, the more
designers have attitude to work interactively and tlieeensional with their media;
movement and interaction are the definite pafthe creation process, whiahne
reflectiors of thereal world. Imnersive visualization is what virtual reality really is.
Virtual reality is a visualization technique, which has experienced a recent boom in
professional and academic literature (Portman et al., 2015).

Presence is a sense of perception that person isgeelthe virtual world rather

than the place whetds/ha own body really is (Sanche¥ives & Slater, 2005).
Immersionis very similar to the presence; immersion is when a person experienced

as immersed in an environment that is through comquatetroled display systems.

Computers ar e ¢ge n-@imensidnal igterpfeRation enmirensnent hr e e

19



and are constructing the thrdenensional spaces using graphics. Therefore, users

areimmersed in a virtualized thretmensional world (Zhgiang, 2017).

3.1.2 Head Mounted Devices

Motion recognition algorithms and tracking systems enable natural body movements
to be transformed into functional interaction tecjugs (Mitra & Acharya, 2007).

The other device, which shandheld controlleprovides user®manipulation and
navigationof objects in the virtual environment (Bowmaoquillart, Froehlich,

Hirose, Kitamura, Kiyokawa & Stuerzlinge2008).Different types of technologies

di splay in different sizes t hgittheatghg! i ver |
and touch, which are progressed during the last decade (Berg & Vance, 2016). VR
technology commonly utilizéheadmounted displays (HDMs), audio displays;
headphones, speakar surround systeswhich areprovided with sound
localizationandenable simulating sound as moving or coming from a specific point
within a virtual environmentyacking systems; optical, magnetic, ultrasonic or

inertial mediums that provide the positioning and orientation of physical objects

within a virtual space in synchronous time (Berg & Vance, 2016).

3.2 Virtual Reality in Architectural Design Problem Solving

Because of various benefits of technology, desiuncations affected in a positive
way. One of thenediumthat becomega part of design educationagemputer aided
design. Computer aided design is based on a mathematical specification of shape

(Leyton, 2001). According to Leyton (2001), people perceive shapes as a cluster and
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asdifferentiated deformatiaof primitive shapes. Baskinger (2008) pointad that,
computer aided design tools preserved traditional interféwasit does not meet the

need for responsiveness in early design.

Basic design education is the expression of the abilities in aesthetic level and transfer

of thinking, emotions, ahimpressions of a person ({en et al., 201k It raises

awareness about visual sensitivity for transition between images and design fields.

There are fundamental elements for basic design education. These are shape, form,

color, contrast, pattern and texture. For the prokdeiving activity in basic design,

these elements are used to create a product of design. In order to create a product of
design, design thinking and abstraction are the ways of the creation process. As a
consequence, visual skills and thdimensional percejon should be used
efficiently (¢etinkaya, 2011). I n order
threedimensional product, there are digital approaches to boost visual thinking and
threedimensional perception. This approach provides differentrppities that
neverexistinpapdsased traditional environment (O
Ak-am and Hal écé (2015) swvhepgigtalt ed t hi s i
environments are included in the early stage destignents have tendency to

participateto process more and much more motivation to solve advanced problems

However, thanks to the achievements in technology and computer interfaces
increased virtual reality more accessi bl
Wormald, 2008). Increasing mber of examples of VR use in design show that

there is a strong potential for the architectural design (Portman et al., 2015). There

are some examples below.
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kt ef anl060 2 Oslaging VR spaces, students and teachers can work in an
artificial re-created world in which understanding is mediated through an immersive
mult-s ensori al explorationo. Researchers
design characteristics perpetual in virtual environment when they are working in VR
spaces. Heydarian dt &£015b) support this with the idea that virtual environment
can reduce experimental noise thanks to differentiated features of perception in
environment. Heydarian et al. (2015b) conductstudywhich compared

performance, perception and presenceanfigipants. They used two environments
virtual and physical. Research indicated that participants act very similar in virtual
office environment, which is provided by Oculus DK HDMs, and physical
environment. Also, when they compare the immersive \Vigngironments (IVE) to
other mediums as computer screens, they found I\dEnigre realistic learning

environmen{2015a)

Theimmersive design tools have provierbeengaging pleasurable and a good
vector for the intention of designer (Rieaf al, 2017). Rief et al(2017) also
mentioned that participants foutttatimmersive VR is simple anghanageable,

motivating, agreeable and pleasant. According to their study, results of the survey

c

a

i ndicate that Ai mmer si ve switheatgood abiitgtot ool s

think and resolvespace e | at ed chall enges. 0 (Rief
this, participants found VR experience more fun, pleasing and addictive and they

accepted it enthusiastically, when compared to traditional methslcetching.



Cross (1999) affirmed that the reasoning process of the designer embraced
connection between internal mental process and external expressminternal

mental process and external expression appear in representation by sketches. In order
to reflect thisprocessdesigners must have a medium which enables half formed

ideas to be expressed and to be reflected upon: to be considered, revised, developed,
rejected and returned to (Cross, 20MR. technologies offea new generation of

CAD tods, which arepromisingmediain terms of conceptual architectural design

process (Rahiman & Ibrahim, 2011)

VR is the most recent and developing technolibggge days However , At he
the activity encloses early stage design, like conceptual déisegless VR tools are
devel oped and u s :et@)althbugh itesuhe mastpownerdful , 2016
medium to get in touch with threbmensional visual world. Dind.iew, Maher,
GeroandDrogemuller (2003) pointed out some benefits of 3D virtual wovidhéch
enableadesign environment. The benefitat they explainedre as follows

visualizationof the building mode]improvement othe value of shifting traditional

2D graphicakepresentation towards retihe walkthroughand rendering

representatio of multi-dimensiondesign spacgegossibility to have muldimension
designspaces by addingew componentsr linking variousapplicationpackages
andprovision ofreattime and multiuserinteractions between the designer and the

building model, desiger anddesigner or amoniguilding objects.

A virtual building also has the potential of linking different databases and domain
application models for the establishment of virtual mpittjects (Dinget al, 2003)

It may be linkedo related informatiorsuch as culture, history, environment and



geography through the web when necessktng. study oRahinian and Ibrahim

(2011)focuses on thefficiency of VR in conceptual architectural design phase and

they compare VR and traditional pen and paper sk&jdhierfaces. They found that

3D sketching interface redustine need for performing too many physical actions.

While using 3D sketching, users perform more perceptual actions. Cognitive

activities are significantly higheturing3D sessions rather thamdlitional sessions.

Aln 3D sketching design sessions, design
frequently than what they diiah&ibrahimh,r adi t i

2011 280).

3.3 Usability of Virtual Environment Systems

There is anricreasingnterest in industryn theuse of VR (Berg & Vance, 2016).
Whyte Bouchlaghem , Thorpe and McCaffér999) conducted a reseanahated to
building industrywhich showed that VR could be useful, potentially. Mobach (2008)
pointed out that desigrs and architects benefit from experiencing virtual reality
before they construcEquires and Preece (1998)dito, Costabile, Marsico,

Lanzilotti, Levialdi, Roselli and Rossai(@006)andDeegan and Rothwell (2010)

are some of the researchers who Hasen trying to close gapstineliterature in

terms of usable learning applications as WRvarious field, VR studies have been
conductecandparticularly in education industry, VR gains acceptance day by day

but still it is insufficient (CheplLau & Teh 2015).

New developing technologiesichas VR ancaugmented realityAR) provide

foundation for researaolwhich concernsusability because these technologies are too



young. Therefore, useentered analysis is required for Miich is developed by
Oaulus Rift, Samsung Gear and HTC Vive. In the rodahefliterature, it is found

that the most crucigdroblemis experiencing cybesickness. It is the consequence of
HDM VR. Cybersickness may cause the acceptance of the technology, performance
and safet (DiZio & Lackner, 1997; Kennedy, Lilienthal, Berbaum, Baltzley, &

McCauley, 1989; Regan & Price, 1994; Wilson, 1996).

3.3.1International Organization for Standardization (ISO) Standards

The international organization for standardization (ISO) (1988held usability

with standard9241 1 as fithe extent to which produ
to achieve specified goals with effectiveness, efficiency, and satisfaction in a
specified context of1listhesandard & @gomitsdO 8 ) . |
humansystem interaction. ISO made revision of standard of ISO-22411998and

now it islabeled agSO 924111:2018. This standard provides a framework to

understand usability. It also provides knowledge of applying this standard to
situationswhere people experience interactive systems. According to 1SO, this
standarcexplainsfusabi | ity i s an outcome of wuseo,
determine Athe fundamentals of wusability
of us a8q,2018).yo (I

Efficiencyi s defined by | SO (add®iBrelatiendothedt he r es
accuracy and compl et e n e sosrcewthat ugea aplinsthea c hi e
context of accuracy and completeness. Accuracy and completeness refegwedachi
goalsbyuserd.t i s responded to answer o0Can you

ti meframe and use of resources?o.



Effectiveness s defined by I SO (1998) as fAthe ac
which specified users can achieve specified goalsinpac ul ar envi r onmen
Effectiveness i s nMblaasyoedaasompl|l assweheo
question is relatetb the goals or sugoals of the user. Effectiveness is the accuracy

and completeness of achieved goals (ISO, 2018).

Satisfactionsas o def i ned by 1 SO (1998) as #fAthe <c
work system to its users and other peopl
answers this question 0do dJthisumedsurdwa t he s
positive way usersshouldfeel free from discomfort. This measure also exten

user6s attitudes towards the use of the |

Usability evaluation method (UEM) is proposed by Gray and Salzman (1998). UEM
is a method generally used as a usability evaluation, which isgestimprove the
usability of developmental stages of an interaction design (Hartson, Andre &
Williges, 2009). Under the usability term, in heuristic evaluations, a prototype or any
product is evaluated by individuals or teams (Nielsen & Molich, 1990sétie

1993). Using heuristic evaluations and usability tests together makes a design more
useful, usable and desirable during the process of creation (Barnum, 2011). Barnum
(2011) suggests using these two methods, heuristic evaluations and usability tests,
together in order to reduce the bias of evidence. Revealing usability problems with a
low-cost economy and limited time sources is the fundamental purpose of heuristic
evaluations (Wilson, 2014). The tests are proper for evaluating existing systems or

prototypes that need improvement.



Unger and Chandler (2012) agreed that qualitative and quantitative methods can be
applied in usability tests. Unger and Chandler (2012) mentioned advantages of
usability methods. The advantage of qualitative methods ishiatare less

expensive since limited participants are needed. On the other hand, quantitative
methods generate results which can be controlled with statistical calculation for

further studies.

3.3.2 Technology Acceptance Modd[TAM)

Under the user gafaction criteria within the usability context, there are various

types of framework that indicate user experience with a technology as The Post

Study System Usability Questionnaire (PSSUQ) (IBM Design Center, 1992),

Software Usability Measurement InventgSUMI) (Costalli Marucci, Mori &

Par t2001), User Experience Questionnaire (UEQEQ,)2018), Software

Usability Scale (SUS) (Brooke, 199@ndUser Experience Model (UX) (Norman,

2004). Technology Acceptance Model (TAM) (DaBagozzi & Warshawl1989) is

one of the frameworks in usbased evaluations. TAM explains how the external
features of the system affect the attitudes and perceptions that lead to the actual use
of the system based on the theory of logical action (Balog & Pribeanu, 2009).
According to authors, TAM explaitkeu s er 6 s a t dthetechrblegyahdo wa r d
the usageffectsof that technologyThis affection is proposed with two

specifiations perceived usefulness and perceived eass@&fwhichare asserted by

Davis (1989). [wvis (1989825 expl ains the aim of TAM is
explanation of the determinants of computer acceptance that is generally capable of

explaining user behavior across a broad range elisadcomputing technologies



and user populations, while aeteame time being both parsimonious and
t heor et i c alnadddiionjtatsat, TAM alsdnoludes other constristish
asintention to use and external variables. Venkaf26B0)has proposed another

construct to TAM- perceived enjoyment.

3.3.2.1 Perceived Usefulness

This component is described as fAthe degr
particular system would enhanc®@25hltiss or h
an approach and a perception of user. It explains how useraapgs totechnology

and how this technology enhasgerformance and adaptation time of user. The

|l evel of wuserdés approach aff aceigedusef ul ni
usefulnes$as direct and positive effeain intention to use of any systewhen

user observes the systembés positive out c:
attitudes to using system and intention to use this system (BaRyh&anu, 2009)

Perceived usefulnesmhancesiser$job performance during the task competin

a system(Tenemaza, Ramirez & de Antonio, 2016).

3.3.2.2 Perceived Ease of Use

This component is explained as fithe degr
particul ar system woul B28b¥he rhoredhe sysidmise f f o r 1
effortless and easy, the more the degree of affection of user from their perception

will increase in a positive way. Also, the system characteristics directly affect

perceived ease of use (Balog & Pribeanu, 2009; van Raaij & Schepers, 2008; Yusoff,



Zaman &Ahmad, 2011)Per cei ved ease of use decrease
effort (Tenemazagt al, 2016).Perceived usefulness and perceived easse
componentareinfluencedby differentiatedexternal variableand backgroundsuch

as levelof educaion (BurtonJones& Hubona 2005), gender (Venkate&thMorris,

2000), orlevel oftraining in computer use (Venkatesh, 1999).

3.3.2.3 Intention to Use

This is defined as theVel of intention of user to use actual system (Moon & Kim,

2001). According to/enkatesrandDavis (2000), perceived usefulness and

perceived enjoyment affect intention to use of user. Authors define intention to use

as fNnan individual 6s motivation or willin
behavi orebal 1989lutenson to use indicates the real use of the
system(Abu-Dalbouh, AlBuhairy & Al-Motiry, 2017).Furthermore, TAM supports

that intention to use is relatéalithe acceptance of technology which is also

determined by perceived usefulness and perceivedéase(Davis & Venkatesh,

2000) (Figure4).

3.3.2.4 Perceived Enjoyment

Thiscomponensal so defined as fAthe extent to wh
system is perceived to be enjoyable in its own rights, aside from any performance
consequeres resulting from system useo (Venka
important base of perceived enjoyment. Authors also add that when comgsider

education and technology, young learners are part of this therefore enjoy is inevitable



to think motivation (Balog & Pribeanu, 2009). When user believes or experiences
positive outcomesdhes yst em, it affects directly an:

use this system.

Perceived
Usefulness

Intentionto
Use

External
Variables

Perceived
Ease of Use

Figure 4. TAM framework. Adapted fromiUser acceptance of computer
technol@y: A comparison of two theoretical models/ F., D. Davis, R., P. Bagozzi

and P., R. Warshaw, 1989anagement Sciencg5, 9821003.
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CHAPTER IV

METHODOLOGY

4.1. Research Question and Hypotheses

One research question was formulated for thissh&$e research question of this
thesis is as follows:
Can virtual reality adequately support problem solving activity of basic
design education?
In response to this research questsmhypotheseand twelve sulhypothesesre

formulated. The hypothesare as follows:

H1: There is a statistically significansability of VR difference between groups in
terms of four components of TAM.

Hla There is a statistically significaosability of VR difference between groups
based on the VPUduring problerrsolving activity.

H1b: There is a statistically significansability of VR difference between groups

based on the VPEQ@uring problemsolving activity.

11



H1c There is a statistically significaosability of VR difference between groups
based on the VIWuring problem solving activity.
H1d There is a statistically significansability of VR difference between groups

based on the VP&uring problem solving activity.

H2: There is a statistically significansability ofpaperbased environment
differencesbetween groups in terms of four components of TAM.

H2a There is a statistically significaosability of papebased environment
difference between groups based on the Berihg problem solving activity
H2b: There is a statistically significansabilty of papefbased environment
difference between groups based on the PB&E@(g problem solving activity
H2c: There is a statistically significaosability of papebased environment
difference between groups based on the dRlking problem solving aisfity.
H2d: There is a statistically significansability of papebased environment

difference between groups based on the 8ing problem solving activity

H3: There is a statistically significant difference within groups in terms of four
component®f TAM.

H3a There is a statistically significant PU difference between VR and Paged
environmenduring problem solving activity

H3b: There is a statistically significant PEU difference between VR and #aged
environmenduring problem solvingctivity.

H3c: There is a statistically significant IU difference between VR and Hageesd

environmenduring problem solving activity

12



H3d: There is a statistically significant PE difference between VR and aged

environmenduring problem solvingctivity.

H4: There is a statisticallsignificanteffectiveness difference between VR and

paperbased environment in papeased group.

H5: There is a statisticallsignificanteffectiveness difference between VR and

paperbased environment in VR group.

H6: There is a statistically significant effectiveness difference between VR and

paperbased groups during problem solving activity.

13



4.2 Method of the Experimental Study

4.2.1 The Setting and Participants

With regard to understand the usability of \fRbasic design education, the

experimental study is conducted in the Basic Design courses. These courses are
givenduring2012 018 Spring Semester BasicdDesignt he na
6 and BaBidDedigh®d f or first yeagstudyingder gr adua
interior architecture, architecture and landscape architecture Departments in Bilkent
University. The experimental study was conducted in two settingsagied group

generated the experimeritsthe computer laboratory of the department, whetbe

paperbased group did experiments in the studio environment. All the participants

solved VR problems individually and, each problem took approximately two and a

half hours for each participant.

According toNielsen and Landauer (1992 least 1%participants or users provide
discovering for usability problems. Within the framework a$ thesis, a total of 20
first year undergraduate students from the Department of Interior Architecture and
Environmental Design and Department of Architecturesvedrosen voluntarily.
Participants who experienced motisickness and claustrophobia were not admitted
to the experiment. After they informed about motgickness and claustrophobia,
they signed consensus form to agree that they attended to experitnetdny. All
participants are first year students who did not take any detailed digital media
courses in their departments. Therefore, it is assumeditbatyt participants had

acquired the same amount of knowledge and experience in CAD. The sample grou
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of this thesis was divided equally into two problem setting groups (FijuEsach
group has 10 participantgth anage range between 18 to ydarsandwith a mean
age of 1. In order to avoid any biases, the order of the given problems was
changeds illustrated in Figur. One of the groups named as-YRsed group has 6
female and 4 male participants, the other group named as Bg@et group has 8

female and 2 male participants. Participants were chosen randomly for each created

group.

VR-basedyroup solved two VR problems and one pap&sed problemwvhile paper
based group solved one VR problem and two papsed problems. VR problem
required VRE and HMD to solve given design problems. Pbased problem

required traditional probleraolvingmethods and materials as paper, gl

cardboards.
HAND
Group 1 Group 2
VR-based Paper-based

10 participants 10 participants

HAND

Figure 5. Participants and group distribution, drawn by the author, 2018.
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4.2.2 Procedure

The experimental study was conducted between the dates of 8 March 2018 and 16
April 2018. Both groups attended the experimeantseachiMonday and Thursday
because basic design courses were held in these days of the week. Before the
experiment participants were informed about mesmkness and claustrophobia

and asked them if they feel aa¥it, theyinformedthe lab assistant immediately.

The procedure was composed of five phases for each group (Bjgboe VR based
group, in the first stagevhich is phase Athere were eight tasks in virtual reality
environment. Regarding \MBased goup, in the first task, participants read the VR
design problem (See Appendix Al) and wore the VR tool of Oculus Rift DK2 HMDs
on their head and han{isigure7). Then, they finished the setup of the VR tool
according to their height and space tthatywere using for walking and moving

their hands. In the third task, they conducted a general demo trial of the tool which
showed how to use, control and manage HDMs and its tools. In the fourth task, they
did the demo trials of the Google Blocksftware which isused for solving the

design problem. In this demo, they learned how to use the VR toohaltnthe

desigq usingthe software application. As the fifth task, participativedtheir

given design problem. Sixth and seventh sagkre saving theiprojects on

www.poly.google.conwebsite and writing their description about their projany

thenthey published it. In the final task, after they published their projects on website,

they filled the Presence $eQuestionnaire (See Appendix B1) as eighth task.
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VR-based group Paperbased group

. o

Phag A
PhaseA
PhaseB
PhaseC <« PhaseC

>

Phaseb <« PhaseD

Phasee — < Phasee

»
»

VR USABILITY

Figure 6. Theoretical framework of the research, drawn by the author, 2018.
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Second stage of the VVBased group, which is phase B, was designing in a paper
based environmenin this prase there are three tasks. In the first task, participants
read the papebased design problem (See Appendix A2). In the second task, they
started to design their project with traditional materials and methods. Materials were
given readymade to therki@ure 8). There were several shapes that are expected in
thedesign problem. Square cardboards, rectangle cardboards, linear elements,

]

-

Figure 7. VR environment setting

Figure 8. Papefbasecbn\}ironment setting
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colored papers, glue and nails, tHaapers, pens and eraser were the given
materials. In the third task, after participants finished their pro{Easrre 9) it was

expectedo explain their design by writing on given papers

VR project 1 VR project2
Figure 9. Projects designed by participants

Third stage, ich is phase Gvas again designing in the VR environment (FigQre

To eliminate the learning effect, the design problem was given differently compared
to phase 1, by changing the given shaprephase C, firstly, participants read VR
design problem (SeAppendix A3), wore HMDs on their head and hands, and

solved given design problem on VRE. Then, they shireir projects on

www.poly.google.conwebsite, wrote their description about their project and

publishedt. In the fourth stage, which is phase D, Technology Acceptance
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Measurement (TAM) questionnaire was conducted (See Appendix B2 and B3) and

finally stage 5, which is phase E, was effectiveness test (See Appendix B5).

There were also five phases in tlapprbased group. The content of the phases was
same as the phases in ¥&sed group. To eliminate the order effect, only the order
of the phases was changed. The pdgaesed group started with phase B of the VR
based group, which was designing in a pdgsesed environment.

Then, the groupnd fifth stages, which are phase D and E, were again TAM and

effectiveness test.

4.3 Instruments

4.3.1 Questionnaires

The questionnaires, which were conducted by participants, were TAM forMR, T
for paperbased, Presence Test (PT) and Technology Familiarity Test (TFT). There
was also an effectiveness teshich was conducted by the two course instructors to
evaluate the success of design solutions based on the three following criteria: (1)
qudities of design based on unity, order, harmony, hierarchy, balance, rhythm; (2)
characteristicef design elements based on shape, size, scale, proportion, direction,
orientation; and (33ystemof organization based being central, axial, radial, linear,
gridal, nodal, multinodal. Instructors gave a score for each item out of 10. At the
end, total scores of items were calculated to find the effectiveness value of design

solutions.
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When questionnaires were composed, a large number of sivetieseviewed

extensively. TAM questions were selected from different researches (Chesney, 2006;
Davis, 1989; 1993; Davigt. al 1989; Hsu & Lu, 2004; Van Raaij & Schepers,

2008; Venkatesh, 2000; Venkatesh, Morris, Davis & Davis, 2003) to develop an

adapted TAM moddor VR and papebased settings. They were adapted according

to the content of studies and experi ment
and 1993. TAM includes 20 questions for each model. These questions were divided

into four categories: (Iperceived usefulness; (2) perceived ease of use; (3) intention

to useand (4) perceived enjoyment.

Presence Test was adapted from the study of Witmer & Singer (1998). It is the
experience of feeling and being in an environment. When virtual environarents
considered, presence refers to experiencing the artificial comgpenerated
environment. Witmeand Singef1998) analyzed deeply the degrees of presence.
These degrees are focus (Fontaine, 1992), involvement, immersion and presence.
Sheridan (19923tated thasubjective reports atbe essential basic measurensent
for presence. However, Witmand Singe(1998) statethat strength of presence
can differ in terms of the characteristics of virtual environments to be practiced.
Thus, theauthor create a presence questionnaire basetherself-reports of users.
In order to analyze the presence of asemeasure with presence questionndire,
involvementfactoris considered for this thesiguestions baseah 5point scale

from compelling to not@mpelling.

Technology familiarity test (TFTis a questionnaire that comes from literature

( O 6 B,Kelly behane, Livingstone, Cotter & BuzQ15) Therearedifferent
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types of TFTandthey were generally composed according to content of researches.
However, qiestions were obliviously similar, just the devices were differentiated in
terms of context. Thus, because of VR is the main context of this research, devices
that are related to VR were chosen for questionnaires. After that, it was asked that
which device/s they used, how much they used these devices and ho{Sofiten

Federal Institute of Technology, 2018)

4.3.2 Tools

The virtual reality head mounted device used for this thesis was a high tech visual
product, Oculus Rift DK 2, which is one thfe most developed technological devices
among the branches, such as Google, HTC and Sony. Oculus Rift DK 2 is used with
ahead mounted glasses, 2 sensors and 2 hand touch controllers {B)glirnes

developed by Googl&oogleprovides onlinemarket hat hasvariousapplications

for Oculus. Within the context of this thesdpogle Blocks software application was
chosen to design and create shapes in théda&4d environment. It 8Google

based application on the VR market, which can be downldadéae. It has

different commands to create regular and irregular shapes that can be moved, turned
and rotated in every directions, and can be colored. These characteristics of the
software application make the software application appropriate for basgnde

problems.
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Figure 10. Oculus DK2 toolshttps://www.oculus.com/rift/#ougskrift -
games=magetale 2018
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CHAPTER V

RESULTS & DISCUSSIONS

5.1 Descriptve Analysis Results of Usability of Virtual Reality

In this chapter of the thesis, firstly
familiarity, secondly homogeneity of groups will be demonstrated, then presence test
results will be explained, furén reliability of the tests will be indicated, finally

descriptive analysis will have explained.

First of all, anong the twenty participantss\gen of them were familiar with digital
design methods, such as AutoCAD. According to the information givére iFRT,

only one participant was not familiar with current technologieshas tablets and

VR environmentsOnly one participant was very familiar with VR technologies and
five participants fairly familiar with VR technologies. All of them spend more than
ten hours a week with computer and the Internet. Sixteen participants have been
using computer and Internet more than five yelinsee participants did not take the

TFT.
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In order to understand homogeneity of sample groups, basic design course grades of
participants were analyzed, in order to indicate that, independent samples t test was
applied,and it is found that there ot anystatisticallysignificantdifference

between VR and papéased groups in terms of success @36 df=18, p=0181).
Therebre, it can betatedthat, both groups were divided into similar in terms of the

succes®f basic design.

Furthermore, in order to understand hpavticipantfelt involve in VR, presence test
survey was conducted. The result of the presence test sinweyg that participants
largely involved the VR (M=3.84, SD=0.349). Therefore, participants felt fully

immersed during problersolving activity in VR.

Moreover, hereliability of questionnaires i®sted In order to indicate reliability,

Cr o n b a c hdugwaa dopsidesied’wentyquestions of TAM questions for VR

was tested. For an internal consistency.
alpha value should d@gherthe value of 0.7 (Nunnally, 197&eliability test for

TAM forVRwasanyzedand i n this experimental stud
value was found 0.89. This result shows that the test was reliable.

In addition to that, Reliability is testédr twentyquestions of TAM for papdbased

and n this experimental stugthe Cronakc hé6s al pha value was fo
Therefoer, it is demonstrated that the test was reliable. In addition to that,

components of both TAM questionnaires are analyzed separately in terms of

perceived usefulness, perceived ease of use, intention to use egitguer

enjoymentTable 1)
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Table 1. TAM shortened titles

TAM Components

Perceived Usefulness PU
Perceived Ease of usePEU

Intention to Use

Perceived Enjoyment PE

U

Paper-based | VR
PPU VPU
PPEU VPEU
PIU VIU
PPE VPE

Table 2. Mean comparison between groups.

Categories of

VR Group

Paper Group Mean

Questions Mean Values Values
PPU 3.167 3.366
PPEU 3451 3.568
PIU 3.399 3.294
PPE 3.48 33

VPU 3.583 3.501
VPEU 3.351 3.266
VIU 4.234 3.634
VPE 4.66 4.74

Descriptive Analysis Between and Within
Groups

4,5
4
35
3
2,5
2
1,5
1
05
0
PPU

PPEU

PIU

m Paper

PPE VPU

ViU \Y

VPEU
Group m VR group

Figure 11. Usablity comparison between VR and pajiersed groups.

According to the mean differences between TAM for pdyzesed and TAM for VR

guestionnaires, paper and VR groups found VR usable which is shown aRTable
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and Figure 11Except the sugategorywhichisb per cei ved ease of
less valuable in VR (M=3.35 for paper group, M=3,27 for VR group) than paper

based environment for both groups (M=3.45 for paper group M=3.57 VR group).

5.2 Comparison Analysis olJsability of Virtual Reality

5.2.1 Effectiveness Findings

In order to measure usability of any product, ISO defined effectiveness, efficiency
and satisfaction (1998). According to ISO 92112018 (2018) ergonomics of
humansystem interaction, measures for the components of effectivendaslare
completeness, objectives achievement, errors in task. Therefore, in order to measure
effectiveness of design products, two experts evaluated the project that participants

designed in both VR and papeased environments.

Table 3. Effectiveness oftte environments

Mean Values
Problems VR Group Paper Group
VR Problem 1 19.18 19.51
VR Problem 2 21.50
Paper Problem 1 18.41 21.15
Paper Problem 2 20.81

From the results, it is indicated that in TaBlelesign products of VR group are

effective n VR (M=21.50for VR problem 2 and design products of paper group are
also effective in papdrased environment (M=21.15 for paper problem 1, M=20.81

for paper problem 2).

In order to indicate statistically effectiveness difference of VR and gzgsad
environment in groups separately, one sample t test was conducted. According to one
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sample t test, when papeased group was considermualy, it is found that there is a
statistically effectiveness difference between pdgaesed environmetit=21.745

df=0 p=0.000)and VR(t=17.177 df=9 p=0.000

When VR group was considered only, it is found that there is a statistically
effectiveness difference between papased environmer(t=12.725 df=9 p=0.000)
and VR(t=22.638 df=9 p=0.000 As a r e H4uThere ioafstatisteadlyt s |,
effectiveness difference between VR and pdjzesed environment in papeased
group 0 &% Theréis a statistically effectiveness difference between VR and

paperbased environmentin VR grogp. ar e not rejected.

In orderto analyze the statistically effectiveness difference between VR group and
paperbased group in terms of VR and papesed environment, paired samples t
test was also conducted. According to the test there is a statistically effectiveness
difference betwen VR and papéebased environment between VR and pdmpesed
groups(t=1.945 df=9 p=0.042 As a r e s d6t Tthereoid a statistizaily
significant effectiveness difference betwaéR and papebased groups during

problem sol vinegecteelct i vity. o0 is not r
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5.2.2 Technology Acceptance Model Findings

All the metrics of TAM questionnaires were statistically analyzed in order to assess
the usability of the systems. TAM was studied in experiment within two groups; VR
and paper. In addition todh TAM questionnaires were separated into two; TAM

for VR, TAM for paperbased environment. Therefore, two groups and two TAMs

were integrated for this experimental study (FeglR).

TAM for VR
VR Group
TAM for Paper Paper Group

Figure 12. Test distributiorbetween and within groups

5.2.2.1 Independent Samples T Test

In order to indicate whether there is a significant difference betweebagkd and
paperbased groups in terms usability of VRest was conducted. Results of the
independent samplegdst show that there r®t any statistically significant
difference between groups in TAM for VR regarding VPU, VPEO, VIU, VPE.
Regarding to the results it can be said that Hiere is a statistically significant VR
differences between groups in terms of four components of iBABjected.In
Table4, all results are shown.
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Table 4. VR analysis between groups in terms of four components of TAM

t df P
VPU 0.568 18 0.288
VPEU 0.323 18 0.375
VIU 1.598 18 0.063
VPE -0.475 18 0.32

In order to indicate whether there is a significant difference betweebagBd and
paperbased groups to consider usability of papased environment, an independent
samples-test was also conducted. Results of the independent sarpéeshow

that there is notrgy statistically significant difference between groups in TAM for
paperbased environment regarding PPU, PPEO, PIU, PPE. Regarding to the results,
it can be said that2: There is a statistically significant pag®ssed environment
differences between groups in terms of four components of TAM.

is rejectedIn Table5, all results are shown.

Table 5. Papefbased environmemtnalysisbetween groups in terms of four
components of TAM

t df P
PPU -0.466 18 0.32
PPEU -0.300 18 0.383
PIU 0.014 18 0.494
PPE 0.372 18 0.357

5.2.2.2 Paired Samples T Test

In order to indicate whether there is a significant difference between VR and paper
based environment to consider TAM, paired sartggewas conducted. According

to the paired samples t test, it is found that there is not any statistically significant
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difference between PPU and VR13-1.057, df=19, p=0.152), (PPU M=3.2665,

SD=.935448, VPU M=3.6, SD=.76491). Therefore, regardingabelts, it can be

s ai d 3alTlete isfa btatistically significant PU difference between VR and
Papetbased environment. o0 is rejected. Accor
found that there is not any statistically significant difference betwdEU and VPE

(t=0.923 df=19, p=0.368), (PPEU M=3.3095, SD=.85013, VPEU M=3.3085,
SD=.57456) . Therefore, relg3hkieisg t he r e:
statistically significant PEU difference between VR and Rapars e d envi r on me

is rejeced.

According to the paired samples t test, it is found that there is a statistically
significant difference between PIU and V(t+-1.820, df=19, p=0.0425), (PIU
M=3.3995, SD=.76419, VIU M=3.8840, SD=.72757). Therefore, regarding the

r e s wHBctTher is a statistically significant IU difference between VR and Paper

based envir on meAlltesults are shownattTable8.) ect e d.

According to the paired samples t test, it is found that there is a statistically
significant difference between PREd VPE(t=-5.331, df=19, p=0.000), (PPE
M=3.39, SD=1.05726, VPE M=4.69, SD=.49101). Therefore, regarding the result,
i Bd There is a statistically significant PE difference between VR and {paped

environment . &llresslts areoshowat €gblesc t e d .
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Table 6. Comparison analysigithin groups in terms of four components of TAM

t df P
PPUVPU -1,057 19 0.152
PPEUVPEU 0.923 19 0.368
PIU-VIU -1.820 19 0.0425
PPEVPE -5.331 19 0.000

5.2.2.3Correlation and Regression Analysis

In this chapter of the experimental studgrrelationamong components of TAMs

will be analyzed. Pearson Correlation Coefficient measures the relational numerical

data between two sets of value or scores ranges bettvéed (Howit & Camer,

1999). Since the data is ranked, Spear mal
statements to TAM questions. Therefore, it can be understood the degree of

relationship with analyzing correlation scores. According to Howitt and Cramer

(1999), values beteen-1 and 1 shows the degree of relationships. For instance, a
correlationpointsof 1.00 shows that there is a positive perfect association between

variables wherea®).5shows negative moderate relationship betwearables

Venkatesh and Davi2Q00 proposed a theoretical framework for the determinants
of TAM. According to framework there is a relation between perceived usefulness
and perceived ease of use, perceived usefulness and intention to use, perceived

usefulness and perceived ease of useréfbre, in this experimental research, the
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relation between TAM items (Tab¥) (PU, PEU, IU, PE) were studied statistically

for both environment (Vbased and papdrased).

Table 7. TAM items distribution

TAM ltems Questions

gl
g2
PU g3
g4
g5
g6

q’
g8
PEU g9
gl0
g1l
gl2

gql3
U ql4
gql5

gl6
ql7
PE ql8
19
g20
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Table 8.Correlation results in TAM for VR

Spear man

gl VR enables m¢
to accomplish
task more quickly

g3 VR
makes it
easier to do
my job

g4 VR has
improved my
productivity

g6 VR
enhance my
effectiveness
on the job

g13 I intend to use any
system using VR when
it becomes available in
basic design courses

gl14 Assuming |
had access to the
VR, | intend to
use it

ql7
System
is
pleasant

gl8Feel
enjoyme
nt

gl VR enables me
to accomplish task
more quickly

1

0.631

g3 VR makes it
easier to do my job

0.681

g4 VR has
improved my
productivity

0.532

g6 VR enhance my
effectiveness on
the job

0.597

0.590

0.882

0.501

g13lintend to use
any system using
VR when it
becomes available
in basic design
courses

gl4 Assuming |
had access to the
VR, | intend to use
it

gql7 System is
pleasant

18 Feel

enjoyment




GS

Table 9.Correlation results iTAM for paperbased

Spear mano

gl Papeibased tools
enables me to accomplis
task more quickly

g4 Papetbased tools have
improved my productivity

g6 Paperbased tools
enhance my effectivenes
on the job

gl7 System is pleasant

gl Papeibased tools
emables me to accomplish
task more quickly

1

0.523

g4 Papeibased tools have
improved my productivity

0612

g6 Papeibased tools
enhance my effectivenes
on the job

0.0545

gql7 System is pleasant




In this part, TAM for VR questionaire will be explained. When compered IU and

PU items it is found that there is positive moderate correlation between g1 and g13.

Gi ven anWwiwetrusalt orebal ity enables me to acc
is correlated with the given answersdtintend to use any system using virtual

reality when it becomes av@ED63am0.@3)i n bas,i
In the context of same item comparison, there is also positive moderate correlation
between g3 and q13. Given answerétd i r tad alt yr enakes it easi el
(g3)is correlated with the givenanswersdtd i nt end t o use any sy
reality when it becomes ava30b& p40601)i n basi
In addition to that, there is positive moderaberelation between g4 and q13. Given
answerst® Vi r t ual real ity haf(gd)iscopelatedwidthemy pr o
givenanswerstol i ntend to use any system using
availabl e i n basi(re05283p=9.018) nTharedisposgivees 6 ( ql4)
moderate correlation between g6 and gq14. Given answér¥t® t ool s enhanc
ef fecti ven e siscowehmted witrethejgiveb answerg@)s s umi ng | h
access to the \gR4)(r=0.590, p=0.@0B)there¢bypit shosllébei t 6

said that, perceived usefulness and intention to use are correlated in this experimental

researct{Table 8)

On the other hand, in this experimental research, the correlation between PU and PE

is found that there is strong positiverrelation between g6 and g17. Given answers

to6 VR tool s enhance my isdofrelatedwitlvgveness on t |
answe$gpsteoemoi s pPrF0S88 p=0.000)dherg i$ FIsp moderate

positive correlation between g6 and g18. Givemaas sVRtools edhancey
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ef fecti ven@6iscowehted witregivgnarnswersGoFe el enj oy men|

(g18)(r=0.501, p=0.024{Table 8)

In this part, TAM for papeis alsoanalyzed. When TAM for paper questionnaire is
analyzedpased onhte comparisons amor}J and PEO, PU and IU, PU and RE,

was found thathere is only significant correlation between PU and PE. Therefore, it

is found that there is positive moderate correlation between g1 and q17. Given

answers t@® P afpasedtoolseral es me t o accomp(@l)yish task
correlated withSybeéemi v @gbh7yrees83ymhdH.t o o
There is also positive moderate correlation between g4 and 17 (r=0.612, p=0.013);

g6 and q17 (r=.0.545, p=0.013). Giversamers tad P a ased tools have improved

my prod@dits vadaryrbel at ed wi Bystemtihhe gi ven ans
pleasandgl7)and g i v e n Paperlzased toads erthancedny effectiveness on

t he(p)obdcorrel ated wi Bysem hies gfglvgeans aamtsbwe r
Therefore, it should be said that there is a significant correlation between perceived

usefulness and perceived enjoyment in terms of TAM for pbased Table 9)

Table 10. Multiple regression analysis between questions

q3 R F P
q5 0.711 18.404 0.000**
q13 0.837 19.953 0.000**
q9 0.884 18.975 0.000*

There are statistically significant regressions only in TAM for VR. These are
between g6 and q17 p=0.068 R square=0.173 F=3.77, g6 and q18 p=0.024 R

square=0.251 F=6.02Based on theegression analysithere are also statistically
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significant regression values between(d8pendent) and g5, q13, 19 (independents).
In order to indicate predictors of g3 multiple stepwise regression was afdiele

10).

5.4 Overall Disassion of the Findings

In this thesis, VR in basic design education was researchese® asability which
depend®n the ISO standards and TAM. It was aiming to find VR whether support

or notthe problemsolving activity of basic design educationliterature, VR was
investigated and searched with the differentiated methods. However, this
experimental study is the new approach and perception for the VR which is included
in different concepts as usability and basic design educ#@temording to the
experimental study of this thesis, the statistical results of the study showed that there
is no significant difference in terms of usefulness and easiness between VR and
paperbased tools. However, there are significant differences in terms of enjoyment
ard intention to use between VR and papased environments. When compared the
mean values of VR and papeased environments, it can be stated that partigpant
found VR more enjoyable and intentional to use. When explaining the mean
differences between ¢hgroups in terms of four aspects of TAM, which are
usefulness, easiness, intentional use and enjoyment;ipages group found VR

more useful, easy to usadintentional to us€Table 11)
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Table 11. Overall result of experimental study

Results Evidence
Table 3
VR is found more effective than papessed environment when and page
compared VR group and pageased group. 48
There is nbanystatstically TAM for VR difference between VR and
paperbased groups Table4
There is nbanystatstically TAM for paperbased environment
difference between VR and pag®sed groups Table5
There is nbanystatistically perceived usefulness difference within
groups (regarding PRMPU) Table6
There is nbanystatistically perceived ease of use differendhiw
groups (regarding PPEUPEU) Table6
There isa statistically intention to use difference within groups
(regarding PIWVIU) Table6
There isa statistically perceived enjoyment difference within groups
(regarding PPE/PE) Table6
There isapositive correlation between VPU and VIU Table8
There isapositive correlation between VPU and VPE Table8
There isa positive correlation between PPU and PE Table9
Predictors of g6Virtual reality enhances my effectiveness on thegob'| Chapter
gl7 System ipleasantand q18Feel enjoymenteparately. 5.2.2.3
Pr edi ct Wirusal realify mak8s it éasier to do my jabe g5 Table D
'Virtual reality gives me greater control over my jaiil3'l intend to use| Multiple
any system using virtual reality when @dmmes available in basic regression
design coursesind q191 would like to repeat same experience'. analysis

The reason for that could be the attractiveness of the techndlogy might be

bored with traditional mdiacompared to VRechnologies, which is more attractive

for young popul ati on

(Venkant es h,

be more practical to the problesolving while they are enhancing their visual

thinking efficiency in the thredimensional visionsSo VR environments could be

seemed more practical and enhancing their visual thinking ability to solve their

problems.

When Sch°nédés (1985) statement

of

important for basic design education, experiences traiditional methods could be
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more supportive for o6doingd activities.
immersive virtual environments provide people more realistic learning environment.
Therefore, to overcome these challenges, more focuséigston virtual

technologies and extensive digital studies on design learning should be conducted

with more number of participants.

As Oxman said (2008) digital methodologies in design education emhanc
performative process in design solving. It couldhmereason of why participants

found VR more intentional to use when compared to pbased tools. In addition to

O x ma (@08)concerms, Rieuf et al., (2017) also supports the idea that immersive
design tools provide pleasurable and good vectorah@odésigners for the

intentional use. They also found in their experiment that VR is simple, manageable
(easy to use), motivating (useful), agreeable and pleasant (enjoyment). The
experimental study of this thesis supports the outcomes of these prauitias s

with reference of statistical results. Similar to Ding, Liew, Maher, Gero et al., (2003),
which found that 3D virtual worlds are more effective when compared with
traditional approaches, this thesis also found that VR is more effective than paper
based environment. Also, Rahian and Ibrahim (2011) found that 3D sketching is

more effective when compared with pen and paper sketching.

Balog and Pribeanu (2009) stated that perceived ease of use has a positive effect on
intention to use. They supporttdht if users feel free and effortless while using a
system, they will have positive intention to use this system. However, in this thesis, it
was found that there is not any significant relationship between perceived ease of use

and intention to use, bthere is a significant relationship between perceived
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usefulness and intention to use, which is also supported by Davis et al. (1989). In
addition to statements above, according
design students found VR more simpbractical, manageable, inviting, appealing

and motivating when it is compared with traditional methods to create mood boards.

In this thesis, basic design students also found VR intentional to use, enjoyable,

pleasant, easy to use and useful duringptisc design problem solving activity

when it is also compared with pagsased environment.

When the results within each group are analyzed in terms of TAM, there are no
significant differences in terms of four aspects of TAM regarding the responses of
VR and paperbased participants. However, when the results between the groups are
analyzed, there are no significant differences in terms of perceived usefulness and
perceived ease of use, but intention to use and the perceived enjoyment differed
statistcally in VR and paper based groups. It means that participants found VR more

enjoyable.

With reference to the literature review, the results of this experimental study also
support the studies (Davis et al., 1989; Venkantesh, 2000) which stated that ¢here
correlation between perceived usefulness and intention to use. However, although
certain studies (Venkantesh, 2000; Balog & Pribeanu, 2009) stated that there is a
correlation between perceived ease of use and perceived enjoyment, this study does
not support this statement., but this study found a correlation between perceived
Usefulness and perceived enjoyment as a contrubition to both TAM and use of VR

literature.
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CHAPTER VI

CONCLUSION

This study was an attempt to analyze and assess the ysabViR in basic design
problem solving process. Efficiency, effectiveness and satisfaction as usability
metrics were analyzed. In order to assess usability, ISO standards were taken as a
base. The contribution of this study to the scientific literatuteasfold: One is the
adaptation of the technology acceptance studies as TAM into the basic design
context, and second is the comparison of VR with papsed tools in terms of four
components of TAM. Different than previous studies, which compared cemput
aided method with traditional methods, this study is significant in terms of showing
differences of VR and paper tools on perceived enjoyment and intention to use.
These two aspects are playing key role when reviewing the design literature and

effectingalso student performance in design learning and engagement.

Twenty participants involved in this experimental study voluntarily and they were
seperated into two groups which are VR and péased groups. TAM,
effectiveness, PT and TFT were analyizechimitand between groups. TAM

guestionnaires found reliable accordi
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participants found VR immersive and they involve in VR which is demonstrated by
PT.The result of the TFT shows that a few of participants familitir VR.

However most of them very familiar with computer technology.

Thereby, TAM was used as a satisfaction measurement tool. The analysis of
effectiveness and TAM enabled the usability of VR in basic design an insight on the
problem solving in botlraditional and VR methods. Moreover, effectiveness was
calculated with the measures of archived goals and its completeness and accuracy as
defined by ISO in 1998. According to results of the effectiveness test, VR group is
the more effective in VR tharapergroup, and it is also the most effective

environment between groups.

According to the correlation and regression results, perceived usefulness and
intention to use, and also perceived enjoyment and perceived usefulness items are
correlated which isew contribution for the literature. In addition to that, there are

also statistically significant regression results between perceived usefulness and
intention to use. Therefore, it can be said that, given answers to intention to use items

predict perceive usefulness items.

For limitations it is stated that ithis experimental study, minimum system
requirements were used for Oculus Rift DK2, thus, sometimes system was failed
during the experiment. Some of the participants started their design agaimayd

cause the learning effect. Because of the lack of system to calculate efficiency test of
ISO, it was ignored in the experiment p&xperiment setting is not very suitable for

the research for instance, FF212 computer lab is a free lab thattathests can use
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during the experiment, and it is not available during the other courses given in this
lab. Thereforeit was hard to find that lab quiet and empty. Furthermore, it is closed
after 5:40 pm, some of the participants were available to attenekperiment after

5:40 pm, which is the end of their schedule, therefore some male participants could
not attend the experiment. Because of that, genders were not divideduiadty for

both groupslit was also difficult to find a source to support tesearctguestion. It

is found two studies which is adequately related with the concepts of usability and
design. This experimental study will be the pioneer to mixed concepts, which are

usability and basic design, of VR.

For further studiegxternal vaiables agender differences can be searched between
environmentdo understand the approaches of male and female to VR technologies.
Because of this study has design concepts, for further studies usability of VR can be
analized to compare creativity leten environments. In addition, efficiency test
should be studied to understand usability dedplyywas also researched, there

would be different results to affect the experimental stirdgrder to understand

how digital technologies support problewmiving activity, different methods can also

be used, for instance AR, VR and CAD comparisons.
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APPENDIX Al

VIRTUAL REALTY DESIGN PROBLEM 1

IHSAN
DOGRAMACI
BILKENT
UNIVERSITY

VR-based problem 1

FA 101

BASIC DESIGN

= Qualities of design:

= Unity

= Order

= Harmony

= Hierarchy

= Balance

= Rhythm
= Charocteristics of design
elements:

= Shape

= SizefScale/Proportion

= Direction/Orientation
Systems of organization:

= Central

= Asial

= Radial

= Linear

= Gridal

=  Nodal/Multi-centered

= Clustered

Use Dculus Rift head set
touch set

Google Blocks application

3D MODEL OF FLOW OF SPACE

You hawve already worked on the notions of “variation™ and
“transformation” with the ultimate aim to understand how they can
help you to enrich your designs.

Mow, you should develop a 3-D wvirtwal concept model that
represents a flow of space within a design field. This flow is
composed of (minimum & and maximum 12) squares and (minimum
3 and maximum &) rectangles (minimum 3 and maximum &) where
the different proportions should be used for both rectangles and
squares (2 different squares, 3 different rectangles). You could also
use linear elements with same proportion of geometric shape to
elaborate the relations.

It is assumed that your 30 model is in the space so that the flow
should be understandable from every side of your model.

Squares:

1 unit 2 unit

Rectangles:

1 unit 2 unit 3 unit

Evaluation criteria for the assessment of your 3D model will be as
follows:

- achievement of qualities of design

- quality of the verbal / visual presentations

- consistency among characteristics of design elements
- achievement of qualities of systems of organization
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APPENDIX A2

PAPER BASED DESIGN PROBLEM 1

IHSAN
DOGRAMACI
BILKENT
UNIVERSITY

Paper-based problem 1

FA 101

BASIC DESIGN

= Qualities of design:

= Unity

= Order

= Harmomny

= Hierarchy

= Balance

= Rhythm
= Charocteristics of design
elements:

= Shape

= SizefScale/Proportion

= Direction/Orientation
Systems of organization:

= Central

= Aial

= Radial

= Linear

= Gridal

=  Nodal/Multi-centered

= Clustered

Use your model making and
drawing equipment.

3D MODEL OF FLOW of SPACE

You hawve already worked om the notions of “variation” and
“"transformation” with the ultimate aim to understand how they can
help you to enrich your designs.

Now, you should develop a 3-D concept model that represents a
flow of space within a 20x20x20 centimeters design field. This flow is
composed of (minimum & and maximum 12) squares and rectangles
(minimum 3 and maximum & for each shape) where the lengths can
be only 4, 8 or 16 centimeters (4xd square, 4xB rectangle, BxB
square, 8x16 rectangle). You could also use linear elements with
same dimensions to elaborate the relations.

It is assumed that your 3D model is in the space so that the flow
should be understandable from every side of your model.

Evaluation criteria for the assessment of your 30 model will be as

follows:

- achievement of qualities of design

- quality of the verbal / visual presentations

- consistency among characteristics of design elements
- achievement of qualities of systems of organization
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APPENDIX A3

VR BASED DESIGN PROBLEM 2

iHSAN
DOGRAMACI
BILKENT
UNIVERSITY

VR-based problem 2

FA 101

BASIC DESIGN

= Qualities of design:

3D MODEL OF FLOW OF SPACE

Unity
Order
Harmony
Hierarchy
Balance

Rhythm

= Charecteristics of design

elements:

Shape
Size/Scale/Proportion

Direction/Orientation

Systems of organizotion:

Central

Axial

Radial

Limear

Gridal
Nodal/Multi-centered

Clustered

Use Oculus Rift head set

touch set

Google Blocks application

You have already worked on the notions of “variation™ and
“transformation” with the ultimate aim to understand how they can
help you to enrich your designs.

Mow, you should develop a 3D wirtwal concept model that
represents a flow of space within a design field. This flow is
composed of (minimum & and maximum 12) rectangles where the
different proportions should be used for both rectangles (3 different
rectangles).

You could also use linear elements with same proportion of
geometric shape to elaborate the relations.

It is assumed that your 30 model is in the space so that the flow
should be understandable from every side of your model.

Rectangles:

1 unit 2 unit 3 unit

Evaluation criteria for the assessment of your 3D model will be as

follows:

- achievement of gualities of design

- quality of the verbal / visual presentations

- consistency among characteristics of design elements
- achievement of qualities of systems of organization
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APPENDIX A4

PAPER BASED DESIGN PROBLEM 2

IHSAN

DOGRAMACI
BiLKENT
UNIVERSITY

FA 101 | "

BASIC DESIGN

= Qualities of design:

Unity
Order
Harmony
Hierarchy
Balance

Rhythm

= Charecteristics of design

elements:

Shape
Size/Scale/Proportion

Direction/Orientation

Systems of organizotion:

Central

Axial

Radial

Limear

Gridal
Nodal/Multi-centered

Clustered

Use your model making and
drawing equipment.

3D MODEL OF FLOW of SPACE

You have already worked on the notions of “variation™ and
“transformation” with the ultimate aim to understand how they can
help you to enrich your designs.

Mow, you should develop a 3-D concept model that represents a
flow of space within a 20x20x20 centimeters design field. This flow is
composed of (minimum & and maximum 12) squares (minimum 3
and maximum &) where the lengths can be only 4, 8 or 16
centimeters (4x4 square, BxE square, 16x16 rectangle). You could
also use linear elements with same dimensions to elaborate the
relations.

It is assumed that your 3D model is in the space so that the flow
should be understandable from every side of your model.

Evaluation criteria for the assessment of your 3D model will be as

follows:

- achievement of gualities of design

- quality of the verbal [ visual presentations

- consistency among characteristics of design elements
- achievement of qualities of systems of organization
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B. QUESTIONNAIRES
APPENDIX B1
PRESENCE TEST QUESTIONNAIRE
Presence Test adapted fr@nWitmerand M.,Singer,1998. Measuring Presence in
Virtual Environments: A Presence Questionndtesence: Teleoperatoend

Virtual Environments7(3), 225240.
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