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The influence of virtual reality on design process creativity
in basic design studios
Samah Obeid and Halime Demirkan

Department of Interior Architecture and Environmental Design, I. D. Bilkent University, Ankara, Turkey

ABSTRACT
With the recent advancements in digital technologies, the design studios
are transformed to virtual environments that offer both to design students
and instructors a broader perspective in understanding the design
process. As an integral part of design process, the supporting virtual
tools enhance creativity in basic design studios. This study examines the
influence of immersive and non-immersive virtual design environments
on design process creativity in the first year basic design studio,
through observing the factors related to creativity as the flow state and
motivation. Consequently, an experiment is conducted to investigate
the relationships between spatial ability, flow state and motivation in
immersive and non-immersive virtual design environments. Forty-two
first-year undergraduate basic design students participated in the
experiment. The data analysis demonstrated that the immersive virtual
design environment facilitates participants’ design process creativity
more than the non-immersive one. Also, the findings indicated a
positive strong correlation between motivations and flow state and a
positive weak correlation between spatial ability and flow state. Study
results contributed to a greater understanding of implementing
immersive virtual reality as a creativity supporting tool.
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Introduction

Recent developments in technology have impacted almost every aspect of life such as the way
people live, work, communicate and teach (Yang et al., 2019). Consequently, much research is
carried out to understand how and to what extent these developments in technology affect
people’s lives. Inevitably, technology has a major impact on the learning environments that
results in much research mostly focusing on learning and teaching processes. Since these develop-
ments in technology shape, the way students learn and educators deliver material, design instructors
should keep up with the newest and recent teaching methods and digital technologies that improve
the learning and teaching processes (Yalcinalp & Avci, 2019). For the efficient implementation of
these technologies, more research is needed on their possible applications and for the future learn-
ing opportunities.

In design process, one should have certain skills in problem-solving process as well as in accumu-
lating the design knowledge (Demirkan & Hasirci, 2009). A great number of students experience
difficulties in external representation of their ideas in 2D drawings or 3D models, even when they
have adequate design knowledge (Kaur et al., 2019). Mostly, this is explained by the difficulty in
understanding the design problem using the traditional instructional materials or in external rep-
resentation of design ideas using the traditional tools (Kaur et al., 2019). Since mental imagery
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and external representation are the two essential components of creativity (Hasirci & Demirkan,
2007), it is necessary to develop and implement both methods and materials that enable students
in forming the mental imagery of something that does not exist and external representation of it.
Thus, the digital technologies have the potential as the supporting tools to facilitate the design
process and improve the design solutions.

Virtual reality (VR) technologies are applied in various design fields such as architecture, computer
graphics, engineering design and others (Sun et al., 2019). They enable designers and design stu-
dents to discover and communicate their ideas with greater ease (Pausch et al., 1993; Schnabel
et al., 2008; Sopher et al., 2019). VR technology, as an essential and interactive tool, provides a
medium to express ideas and overcome the technical gap between mental imagery and external
representation in design process (Ran & Zhenbiao, 2011).

VR could be classified into immersive and non-immersive technologies (Liu et al., 2011) and in
education; virtual design environments (VDEs) could be classified into two categories as being,
immersive and non-immersive (Vergara et al., 2015). Immersive VDE is a simulated environment
that enables the users to interact with the virtual space, in a somewhat real way, with the aid of
devices such as a headset and controllers (Riva, 2006), whereas, a non-immersive VDE is referred
to as a computer-generated environment that enables the users to interact with the virtual space
through a display screen (Vergara et al., 2015). Thus, immersive VDEs allow the users to experience
3D environments in a higher sense (Pausch et al., 1993).

Creativity

Recently, the amount of studies on digital technologies supporting creativity is expanding (Mishra & The
Deep-Play Research Group, 2012). One of the most recently studied topics in the twenty-first century is
the influence of digital technologies on students’ creativity in design education (Yalcinalp & Avci, 2019).
Understanding the interaction between creativity and technology is crucial for design instructors, since
both concepts are complex and essential to design education (Mishra & Henriksen, 2018a, 2018b).

Digital tools support people in generating and communicating knowledge in the development of
creative ideas (Greene, 2002; Harley et al., 2016). Moreover, many individuals require the assistance of
tools that facilitate creativity in order to develop creative designs and products (Gabriel et al., 2016).
Additionally, environments that support creativity facilitate the generation of creative designs in the
early stage of design with an influence on design outcomes (Karakaya & Demirkan, 2015).

Due to the complex nature of creativity, there is no concise definition that comprises all the charac-
teristics of creativity (Demirkan & Afacan, 2012; Horn & Salvendy, 2006). Lately, a large amount of
research has focused on investigating the creativity factors in various fields, such as in neurology, cog-
nitive science, personality traits, social environments and cultural systems (Hennessey & Amabile, 2010).
In design, a creative process is described mostly as an internal process consisting of an exploration of a
mental imagery occurring in designer’s mind and transforming it to an external representation (Demir-
kan, 2010). In this research, creativity is defined as the creative transition that arises between the
problem and solution phases of a design, and is investigated by the assessment of three main com-
ponents of creativity in design process, namely as spatial ability, flow state and motivation.

Factors influencing creativity in design process

Spatial ability
Spatial ability is the capacity to represent, transform, induce and generate physical and abstract
information (Linn & Petersen, 1985). The term spatial ability covers a range of abilities mainly
related to 2D and 3D mental representations. Design students and designers should have high
spatial ability, so they can easily understand and translate 2D and 3D spatial relations (Ho, 2006;
McKim, 1972; Oxman, 2002). According to Pandey et al. (2015), a student with a higher spatial
ability is able to provide more creative solutions. A designer’s ability to imagine 3D spaces highly
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affects the design outcome and the reflected design quality (Cho, 2017). Although creativity and
spatial ability were found as significant factors in design process, limited research exists on their
relationship and role in design process (Cho, 2017).

Flow state
Jackson and Marsh (1996) define the flow state as a positive observational state that occurs when the
performer is completely linked to the performance, with the condition that the skills of the performer
match with the challenges of the task. Moreover, Bhatt (2004) showed that immersion is significantly
correlated with the state of flow. Immersion is described as a mental state of a user in the VR tool
experience when they feel totally separated from the real world (Yang et al., 2018). Being highly
immersed in a situation facilitates the generation of creative ideas (Csikszentmihalyi, 1996; Witmer
& Singer, 1998). Moreover, Veale et al. (2013) found that the flow state is a crucial factor in creative
design process that influences the designer’s creative performance. The flow state scale (FSS) devel-
oped by Jackson and Marsh (1996) covers the nine dimensions defined by Csikszentmihalyi (1996),
namely as, challenge-skill balance, action-awareness merging, clear goals, unambiguous feedback,
concentration on task at hand, sense of control, loss of self-consciousness, transformation of time
and autotelic experience.

Motivation
Keller and Litchfield (2002) define motivation as the students’ desire to participate in a learning
environment. Motivation is a major component that stimulates and improves learning performance
(Gagné, 1985; Keller, 1987). Moreover, Sha et al. (2012) stated that motivation has an impact on the
learning process and performance and as a consequence, motivation at low level prevents learner’s
success (Jeamu et al., 2008). Keller and Suzuki (2004) identified four components of learning process
that affect motivation as attention, relevance, confidence and satisfaction (ARCS). They explained
them as a variety of strategies that are integrated to gain learners’ attention (Attention), clear
goals that are defined and the instructions that are relevant to the learners past experience (Rel-
evance), a learning environment that helps learners to develop a feeling of success (Confidence),
and attaining a satisfactory feeling from the activity (Satisfaction) (Keller & Suzuki, 2004).

In interior architecture education, design studios are the learning environments where students
learn the basic principles of design (Sopher et al., 2019). In design studios, students develop their
design knowledge while generating solutions for design problems under the supervision of an
expert design instructor in the sessions called as critiques (Schön, 1987). Design studio environment
influences students’ understanding of basic design thinking, action and theory (Schön, 1985).
According to Denel (1998), among design courses, basic design is considered as a foundation
course, since it introduces the fundamental design principles initially in design education. In basic
design studios, students are exposed both to theory and practice that help them in developing
the required skills for the later stages of design education.

Varinlioglu et al. (2015) demonstrated that the implementation of digital tools in early design
process significantly influences the design outcomes of students. Varinlioglu et al. (2015) claimed
that when digital environments are experienced in early design stages, students tend to participate
more enthusiastically in the process and are more motivated to solve the advanced design problems.
Furthermore, in defining the relationship between the digital environment and the problem-solving
process, Vandeleur et al. (2001) stated that creativity relevant processes are explicit indicators of
creativity and are essential for creativity to occur.

Literature review

Previous studies showed that creativity support tools are crucial to the development of new ideas
and creative designs (Gabriel et al., 2016; Klein & Dologite, 2000; Shneiderman, 2007; Wang & Nick-
erson, 2017). Also, Forgionne and Newman (2007) stated that creativity support tools assist designers
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in solving complex problems. Moreover, Shneiderman (2002) claimed that creativity support tools
eliminate the expertise barriers and cost limitations in developing different design solutions in
real environments, thus, making designers more motivated towards accomplishing tasks in a crea-
tivity supporting environment. Also, design researchers investigated several methods that stimulate
and support creativity, especially in education (Shneiderman et al., 2006), by developing a set of
design principles with the aim to facilitate the development of creativity support tools. Their main
focus was on software and environments where individuals would be able to generate, modify, inter-
act and share artifacts.

Several studies demonstrated the positive effects of VR applications in education and training
of students, as they received the significant and interactive feedbacks in virtual environments
(Atilola et al., 2016; Carrozzino & Bergamasco, 2010; Hussein & Nätterdal, 2015; Jou & Wang,
2013; Kilmon et al., 2010; Merchant et al., 2014; Thorsteinsson, 2013). A previous study conducted
by Yang et al. (2018) compared the effects of two interactive environments, as the paper-and-
pencil and immersive VR environments, on individual creativity. The findings of the study
showed that the immersive VR environment’s participants had higher quality creative products
compared to the paper and pencil environment’s ones. Besides previous studies demonstrated
that VR tools, such as games, simulations and environments, could improve learning and edu-
cation (Lau & Lee, 2015; Merchant et al., 2014). VDEs were found to be appropriate for design
process, as they reduce the creation time and costs, and improve the quality and usability of
new designs (Teklemariam et al., 2014). Thus, Teklemariam et al. (2014) claimed that it is necess-
ary to integrate VR in design education that requires research on design applications in this
domain. VR was found by Teklemariam et al. (2014) as the appropriate tool for speeding up
the decision making process in early design stages. However, uses of immersive VDEs were
rarely observed in design process both in professional and design education environments (Anto-
nieta, 2015).

In this respect, this study aims to investigate the VDEs for design instructors that facilitate stu-
dents’ design creativity. This study explores the influence of immersive and non-immersive VDEs
on design process through observing the factors of creativity as spatial ability, flow state and motiv-
ation. Previous studies examined the relationships between creativity and spatial ability, flow or
motivation separately, but did not examine them all together (Pandey et al., 2015; Wei et al.,
2015; Yang et al., 2018). Furthermore, these studies generally observed the creativity factors
either in traditional or VDEs. By examining these factors together in two VDEs, immersive and
non-immersive, this study aims to offer different perspectives on the understanding of creativity
in design process and the ways to facilitate it. As a result, the research questions of the present
study are proposed as follows:

(1) Is there a difference in design process creativity between immersive and non-immersive VDEs?
(2) As creativity factors, how spatial ability, flow state andmotivation influence the design process in

immersive and non-immersive VDEs?
(3) Are the creativity factors (spatial ability, flow state and motivation) independent of each other?

Method

Research design and framework

The objective of this study is to explore the influence of immersive and non-immersive VDEs on indi-
vidual’s creativity and provide design instructors the means to facilitate and support creativity in
design process. This paper proposes a framework for observing the factors of creativity in design
process that are based on the previous literature. These factors that support creativity are spatial
ability, flow state and motivation in VDEs (Figure 1).
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Participants

Before starting the experiment, the approval of the ethics committee at I.D. Bilkent University was
obtained (No: 2019_03_27_02). A total of 42 first-year Basic Design course students of the Depart-
ment of Interior Architecture and Environmental Design at I.D. Bilkent University were recruited
for the study. Twenty-one participants (12 female and 9 male) solved the design task in an immersive
VDE using Oculus Rift DK2, while the other 21 participants (17 female and 4 male) solved the design
task in a non-immersive VDE using iPad mini A1432. I.D. The selection of the participants was based
on the simple random sampling methodmaterialized by defining the population of the study as first-
year Basic Design course students enrolled in the 2018–2019 spring semester. Participants were
informed about the experiment by the researcher and they voluntarily signed up for participation.
Participants were randomly assigned to the immersive and the non-immersive VDE groups,
where if the first participant joined the immersive group the second person joined the non-
immersive group, thus, each student had an equal chance of being selected into both groups
(Figures 2 and 3).

Design tools

In each VDE, one design tool was used to complete the design task; Oculus Rift with Touch control-
lers or iPad mini A1432. The Oculus Rift DK2 is a high tech VR tool consisting of a headset, two wire-
less controllers and two sensors (Figure 4). The Oculus Rift displays a resolution of 1080 × 1200 pixels

Figure 1. Conceptual framework of the study.
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per eye with a frame rate of 90 Hz. The Oculus Rift enabled the participants to feel present in the
virtual design space, where they could create virtual objects and move them freely around.

The iPad displays a resolution of 1024 × 768 pixels at 163 ppi. The iPad allowed the user’s to per-
ceive the VDE through its flat screen. Thus, the iPad is defined as a non-immersive virtual environ-
ment tool (Vergara et al., 2017). In contrast with the immersive VDE, the participants in the non-
immersive VDE were not able to interact with the virtual environment, nor were they able to walk
around their design.

For the design task, Gravity Sketch Software is used in both immersive and non-immersive VDEs.
Gravity Sketch is an intuitive and 3D modeling design software that offers a variety of options and

Figure 2. Participants in the immersive VDE.

Figure 3. Participants in the non-immersive VDE.

Figure 4. Oculus Rift + Touch tool, retrieved from https://www.oculus.com
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tools allowing participants to create regular geometric shapes that could be moved, rotated, scaled,
copied and combined in all directions. Thus, the immersive VDE consisted of the Oculus Rift headset
associated with the gravity sketch software, whereas the non-immersive VDE consisted of the iPad
associated with the gravity sketch software (Figure 5).

Design task

In the design task, the participants had to develop a creative 3D composition that considers mean-
ingful combinations, either following a certain sequence, pattern or order of the geometric forms
using the fundamental basic design principles. The participants used the regular geometric forms
offered by the Gravity Sketch Software as comprised of cylinder, prism, pyramid and sphere. As a
task requirement, the 3D composition was only limited in the total number of forms, with a
minimum of 8 and a maximum of 16 geometric forms, and there was no limitation in the number
of each geometric form.

Instruments

Five instruments were used to assess the participants’ performance during the experiment. Table 1
lists the measured variables in each instrument and their developers.

The students’ questionnaire
The students’ questionnaire included information about the participants’ demographic variables,
such as gender and age. Also, it measured the participants’ familiarity with VR tools by involving
questions on previous experience with VR, type of used VR tool, purpose and frequency of use.

The mental rotation test (MRT)
The mental rotation test (MRT) was used to assess the participants’ spatial ability. Previous studies
demonstrated the reliability of MRTs in many design research areas (Caissie et al., 2009; Gorska &
Sorby, 2008; Sorby, 2007). The MRT test used in the current study was a redrawn figures version
of the original Shepard and Metzler’s (1971) test and was used with the permission of Dr. Michael
Peters (Peters et al., 1995). Reliability of the original instrument was found satisfactory where
retest correlation was reported as 0.83 (Vandenberg & Kuse, 1978). In the later study by Peters
et al. (1995), the researchers compared the reliability of the two tests and stated, “there were no sig-
nificant differences in performance on the two test forms” (p.48).

Figure 5. To the left, Gravity Sketch software in Immersive VDE, to the right Gravity Sketch software in Non-immersive VDE
(screen shots taken by author).
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The presence questionnaire
In virtual environments, Witmer and Singer (1998) define presence as the intuitive experience of
feeling totally present in a virtual space, while actually being physically situated in another one.
Thus, the effectiveness of a VR experience was measured by the level of presence experienced
by the participants in that VR space (Antonieta, 2015). The Presence Questionnaire (PQ) was
used to assess the degree of presence experienced by the participants in the immersive VDE
on a 7-point Likert scale. The degree of presence was usually assessed by a questionnaire
given to the users after experiencing a VR scene (Schwind et al., 2019). The PQ originally
included 32 items, then, in a later study by Witmer and Singer (2005) the items were
reduced to 19.

The flow state scale (FSS)
As a self-assessment survey instrument, the FSS indicates the flow state level of an individual in a
certain situation that includes 36 items on a 5-point Likert scale (Jackson & Marsh, 1996). Jackson
and Marsh (1996) verified the reliability of the scale with a sample of 394 where Cronbach’s alpha
of FSS full items is at any rate 0.8. The FSS was used to assess the flow state of participants, both
in the immersive and non-immersive VDEs.

The instructional materials motivation survey (IMMS)
The IMMS as a self-assessment instrument of perception of motivation was used to measure partici-
pants’ motivation levels towards design process. As applied by Wei et al. (2015), the questionnaire
includes 19 items on a 5-point Likert scale.

Procedure

The first phase of the experiment consists of a short training period that provides an equal profi-
ciency to all participants in using the 3D design software, Gravity Sketch; and the two instru-
ments, the Oculus Rift and iPad. Prior to the experiment, all participants completed the
demographic questionnaire involving information about their demographic characteristics as
age and gender, and amount of experience with VR. In order to identify the level of participants’
spatial ability, participants were then asked to complete the MRT that consists of 24 items. Each
item consists of a depiction of 3D target figure and four test figures consisting of two identical to
the target but rotated from the original position by a certain amount, or else showed two figures
that were not only rotated but also the mirror image of the target. The participants were required
to indicate the two correctly rotated test figures. As mentioned in the instruction section of the
redrawn MRT, participants were restricted in time in 3 min for the first 12 items then, after a short
break, 3 more minutes were given to solve the remaining 12 items. The experiment procedure is
shown in Figure 6.

Later, both groups were presented with the identical design task. Participants in the immersive
VDE were asked to use the Oculus Rift DK2 for the design task (Figure 7), while the participants in

Table 1. Measured variables and used instruments used to assess participants’ responses.

Order Measured variables Instruments Developed by

1 Demographic variables and VR
familiarity

The Students’ Questionnaire The researcher

2 Spatial ability The Mental Rotation Test (MRT) Peters et al. (1995)
3 Degree of presence The Presence Questionnaire Witmer and Singer

(2005)
4 Flow state of mind The Flow State Scale (FSS) Jackson and Marsh

(1996)
5 Design motivation The Instructional Materials Motivation Survey

(IMMS)
Keller (2010)
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the non-immersive VDE were asked to create their designs using iPad mini A1432 (Figure 8). Upon
the completion of the design task, the participants of the immersive VDE completed the PQ in order
to evaluate their experience with the immersive environment. Later, to assess the experienced flow
state and motivation levels, all participants completed the FSS and IMMS that were distributed at the
end of the design task.

Figure 6. Procedure of the study.

Figure 7. Sample of the participants’ designs in the immersive VDE.
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Data analysis

All quantitative data were analyzed by using the Statistical Package for Social Sciences (SPSS, version
21) software. Descriptive statistics, including means and standard deviations, were used to calculate
participants’ responses to the Students’ Questionnaire about the demographic characteristics. This
study adopted Cronbach’s α coefficient in order to evaluate the internal consistency reliability of the
Flow State, Motivation and Spatial Ability tests. Then, mean scores were calculated and Independent
samples t-tests were conducted in order to examine the influence of immersive and non-immersive
VDEs on design process creativity. Lastly, correlation and independence analyses tests were done in
order to investigate the relationship between spatial ability, flow state and motivation.

Results

The experiment was conducted with 42 participants who were first-year basic design students in
2018–2019 spring semester. Twenty-one participants designed the product in an immersive VDE
where 12 of them were females and 9 of them were males with a mean age of 20.24 (SD = 1.136).
While the other half of the sample designed the product in a non-immersive VDE where 17 of
them were females and 4 were males with a mean age of 20.14 (SD = 1.062). Overall, among the par-
ticipants 29 were females and 13 were males. The age range of the participants was between 19 and
23 years. The average age of the participants was 20.19 years (SD = 1.087).

The results of the Students’ Questionnaire showed that among 42 participants, only 14 (33.3%) of
the participants were familiar, while 28 (66.7%) of them were unfamiliar with VR tools (Table 2). Thus,
the majority of participants were unfamiliar with VR tools.

Among 21 immersive VDE’s participants, only 10 were familiar with the VR tools and the familiar
ones mostly (six) have used VR tools for game purposes. Among 21 non-immersive VDE’s partici-
pants, only four used VR tools and they have used similarly either for game playing or other purposes
as visiting online museums. None of the participants have used VR tools for design purposes in both
VDEs. VR tool usage frequency was similar in the two VDEs and was stated as 1–2 times previously

Figure 8. Sample of the participants’ designs in the non-immersive VDE.
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used. Also, the participants of both VDEs that were familiar with VR tools have used these tools more
than 2 months ago.

Presence questionnaire analysis

The mean score range for each participant was from 3.79 to 7 where score 1 indicated a low sense of
presence, 4 a medium sense of presence and 7 a high sense of presence. The results of the PQ
demonstrated that the participants of the immersive VDE experienced a positive high sense of pres-
ence with a mean score of 5.35 (SD = 0.667), indicating that the virtual environment provided a
sufficient sense of presence.

Mental rotation test analysis

The maximum score that could be received on the MRT was 24. The results of the MRT showed that
the participants of the immersive VDE had a mean score of 10.48 (SD = 5.93), while the participants of
the non-immersive VDE had a mean score of 9.00 (SD = 4.57).

Reliability analysis

Reliability analyses for the FSS and IMMS instruments were explored in terms of Cronbach’s alpha
coefficients, in order to determine the internal consistency of the total items and their subscales.
According to Bowling (2014), an alpha value of 0.5 and above indicated a good internal consistency.
Cronbach’s alpha scores for the FSS and IMMS scales were 0.957 and 0.933, respectively, which each
indicated a very strong reliability of the scale. Cronbach’s alpha scores for the FSS nine subscales
were 0.913, 0.772, 0.882, 0.861, 0.864, 0.906, 0.877, 0.668 and 0.867, respectively, and for the
IMMS four subscales were 0.74, 0.85, 0.657 and 0.875, respectively, which demonstrated that all sub-
scales had a high reliability and internal consistency.

Flow experience analysis

The flow state experience was measured by using the FSS survey on a 5-point Likert scale. The cal-
culatedmode (Mo) values indicated that the majority of the participants in the immersive VDE experi-
enced a high state of flow (Mo = 4 agree) and in the non-immersive VDE as a neutral state of flow (Mo

Table 2. Demographic characteristics of the participants in the two VDEs.

Characteristics Immersive VDE Non-immersive VDE

Number 21 21
Participant age (years)
Mean 20.24 20.14
Range 18–23 18–23
Participant gender
Female 12 17
Male 9 4
Participant history
Previously used VR 10 4
Previously used VR in
Games 6 2
Research 2 -
Other 2 2
No. of times VR usage
1–2 times 7 4
3–5 times 3 -
Last time VR usage
More than 2 months ago 10 4
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= 3 nor disagree or agree). The median (Md) values were calculated as 3 (nor disagree or agree) both
for immersive and non-immersive VDEs at a scale of 5. The difference in the Mo values between
groups indicated that the majority of the participants in the immersive environment experienced
a higher state of flow compared to those in the non-immersive environment.

Independent samples t-tests were conducted to compare the flow experiences of the participants
in the immersive and non-immersive VDEs. The results showed no significant difference in the flow
experience ratings of participants between the two VDEs (t = 1.609; df = 40; p = .115). The immersive
VDE group gave a total mean score of 3.78 (SD = 0.712), whereas the non-immersive VDE group gave
a total mean score of 3.45 (SD = 0.634) for all questions indicating a small mean difference between
two groups. The mean scores for the FSS subscales demonstrated a slight difference between the
immersive and non-immersive environments throughout all subscales (Table 3). Furthermore, the
independent samples t-test analysis showed that there were no significant differences between
the two VDEs in terms of the subscales Challenge-Skill Balance, Action-Awareness Merging, Clear-
Goals, Unambiguous Feedback, Concentration on Task at Hand, Paradox of Control, Loss of Self-Con-
sciousness and Transformation of Time (Table 3). However, in terms of Autotelic Experience, the t-
test results indicated a significant difference between the immersive and the non-immersive VDEs
(t = 4.14; df = 40; p = .0001).

Instructional materials motivation survey analysis

In order to compare the motivation level that the participants’ experienced in both environments,
the Mo and Md values of the IMMS were calculated. The calculated Mo and Md values indicated
that the majority of the participants in the immersive VDE were highly motivated (Mo and Md = 4
agree), while the participants in the non-immersive VDE were moderately motivated (Mo and Md

= 3 nor disagree or agree).
Independent samples t-tests were conducted to compare the motivation level of the participants

in the two VDEs. The results showed a significant difference in the motivation level of the participants
between the immersive and the non-immersive VDEs (t = 2.971; df = 40; p = .005). The immersive VDE
group has a total mean score of 4.17 (SD = 0.651), whereas the non-immersive VDE group has a total
mean score of 3.55 (SD = 0.679) for all questions indicating that the immersive environment provided
the participants with a higher level of motivation. According to the IMMS analysis, the immersive VDE
enabled the students to feel more motivated towards the design task as it allowed them to experi-
ence the overall design process, somehow, in a real environment.

Table 3. Results of the mean scores and independent samples t-test for the FSS by subscales.

Scales Environment M SD t df Sig. (2-tailed)

Challenge-Skill Balance Immersive 3.74 0.937 1.093 40 0.281
Non-immersive 3.43 0.898

Action-Awareness Merging Immersive 3.40 0.804 0.632 40 0.531
Non-immersive 3.24 0.903

Clear-Goals Immersive 3.46 0.936 1.192 40 0.24
Non-immersive 3.12 0.941

Unambiguous Feedback Immersive 3.37 0.846 1.421 40 0.163
Non-immersive 3.01 0.781

Concentration on Task at Hand Immersive 3.89 1.045 0.448 40 0.657
Non-immersive 3.76 0.838

Paradox of Control Immersive 4.00 1.135 1.576 40 0.123
Non-immersive 3.49 0.963

Loss of Self-Consciousness Immersive 3.92 1.013 0.481 40 0.633
Non-immersive 3.76 1.071

Transformation of Time Immersive 3.68 0.729 0.642 40 0.525
Non-immersive 3.54 0.713

Autotelic Experience Immersive 4.57 0.565 4.14 40 0.0001
Non-immersive 3.68 0.811
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The mean scores for the IMMS subscales indicated a significant difference between the immersive
and non-immersive environments throughout all subscales (Table 4). The results reported by the par-
ticipants of the immersive VDE has a mean score of higher than 4 in each subscale, indicating that
the experiment captured participants’ attention, was relevant to their studies, left them confident
and provided them with a satisfactory designing experience. The independent samples t-test
results showed a significant difference between groups in terms of all subscales (Table 4). On the
attention factor, the t-test results indicated that the immersive VDE captured the attention of the
participants greater than the non-immersive VDE throughout the experiment (t = 4.229; df = 40; p
= .0001). On the relevance factor, the t-test results revealed that the content of the immersive
VDE was more relevant to the participants than the content of the non-immersive VDE (t = 2.312;
df = 40; p = .026). Thus, the participants in the immersive VDE were more willing to participate in
the designing process. For the impact on the confidence scale, the t-test results suggested a
significant difference between the two environments (t = 2.071; df = 40; p = .045). These results
indicated that the options provided by the immersive VDE helped the participants in enhancing
their self-confidence in designing. Lastly, on the satisfaction factor, the t-test results demonstrated
that the design process was more satisfying for the participants in the immersive VDE (t = 2.479;
df = 40; p = .017).

Correlation and independence analyses

The relationships between spatial ability, flow experience andmotivation were analyzed using bivari-
ate correlation analysis. Furthermore, Spearman’s rho correlation (rs) and Chi-square test for inde-
pendence (χ2) tests were conducted. As seen in Table 5, the results of the correlation tests
indicated a positive strong relationship between the flow state and motivation factors (rs= 0.71; p
= .0001) and a positive weak relationship between the spatial ability and flow state factors (rs=
0.32; p = .039). There was no significant relationship between the spatial ability and motivation
factors (Figure 9).

Furthermore, the results of the chi-square tests showed that spatial ability and flow state are not
independent of each other (χ2= 9.827; df = 4; p = .043). Also, results indicated that motivation and
flow state are not independent of each other (χ2 = 16.189; df = 4; p = .003).

Table 4. Results of the mean scores and independent samples t-test for the IMMS by subscales.

Scales Environment M SD t df Sig. (2-tailed)

Attention Immersive 4.19 0.592 4.229 40 0.0001
Non-immersive 3.39 0.635

Relevance Immersive 4.10 0.864 2.312 40 0.026
Non-immersive 3.51 0.768

Confidence Immersive 4.02 0.792 2.071 40 0.045
Non-immersive 3.46 0.94

Satisfaction Immersive 4.39 0.661 2.479 40 0.017
Non-immersive 3.84 0.766

Table 5. Results of the bivariate relationships among variables.

Factors Spearman’s rho Spatial ability Flow state

Spatial Ability Correlation coefficient 1.000 0.32a

Sig. (2-tailed) . 0.039
Flow State Correlation coefficient 1.000

Sig. (2-tailed) .
Motivation Correlation coefficient 0.189 0.713b

Sig. (2-tailed) 0.229 0.0001
aCorrelation is significant at the 0.05 level (2-tailed).
bCorrelation is significant at the 0.01 level (2-tailed).
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Discussion

This study examined the influence of immersive and non-immersive VDEs on design process creativ-
ity in basic design studios, through observing factors related to creativity as the spatial ability, flow
state and motivation. The results demonstrated that all participants had a successful experience with
the VDEs. However, the participants in the immersive VDE had higher spatial ability levels than those
in the non-immersive VDE. Moreover, compared with the non-immersive VDE, the immersive VDE
allowed the participants to feel more motivated and experienced a higher state of flow, resulting
in higher design process creativity. The independent t-test results indicated that there is no signifi-
cant difference in the flow state level of participants between the immersive and non-immersive
VDEs. However, the findings of this study are not in line with the previous findings by Yang et al.
(2018) where a significant difference was found in the flow state between the two design environ-
ments. This inconsistency with Yang et al.’s (2018) study could be a result of the nature of the com-
pared design environments. The researchers in Yang et al.’s (2018) study compared immersive VDE
with a traditional design environment (paper and pencil), while the present study compared an
immersive with a non-immersive VDE. Therefore, both group of participants in the present study
experienced a VDE with technological tools that allowed them to enter somehow a similar state
of flow. Furthermore, in the Yang et al.’s (2018) study, the reported significant difference could be
because of the great difference between the tools and options that a virtual and a real design
environment offer to the users.

Compared with a non-immersive VDE, the additional features of an immersive VDE, such as 3D
perspective and full-body involvement, could influence one’s creative thinking and behavior
(Yang et al., 2018). Many studies examined the effects of immersive VDE on design creativity
through the comparison with traditional environments where a significant difference exists
between the tools, options and sources provided to the participants. However, as far as one can
tell from the literature, no study considered comparing immersive with non-immersive VDEs in
terms of factors related to design creativity. Therefore, this study to the best knowledge of
authors is a pioneer study that compares the immersive VDE with the non-immersive VDE in
design process creativity. The findings demonstrated that, compared with the non-immersive
VDE, the immersive VDE offered the participants with a higher sense of involvement with the
design task. Furthermore, the findings indicated that the most significant difference between the
immersive and non-immersive VDEs was in terms of FSS’s Autotelic Experience subscale. Csikszent-
mihalyi (1996) claimed that an activity is autotelic when the individual experiences high senses of
purpose and curiosity towards an activity, thus, the individual is more involved with the activity. Fur-
thermore, an autotelic individual requires little tools because the activity they are doing is already

Figure 9. Summary of the findings of the study.
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rewarding (Csikszentmihalyi, 1996). Therefore, participants in the immersive VDE experienced a
greater rewarding experience than the participants in the non-immersive VDE.

This study examined motivation based on the ARCS model composed of four components, which
are attention, relevance, confidence and satisfaction. Fink and Benedek’s (2014) study demonstrated
a high correlation between creative ideas and attention. Another study by Nusbaum and Silvia (2011)
reported that creativity depends on attention. However, in the literature, no study was found that
investigates the influence of immersive VR on the motivation of students’ as a factor related to
design process creativity. The results showed a significant difference in motivation between both
groups. The participants of the immersive VDE were more motivated in the design task than
those in the non-immersive VDE. Therefore, the findings of the study demonstrated that the
immersive VDE, where participants experienced body involvement in the design process, allowed
participants to experience a higher state of flow and made them feel more motivated. The
findings are in line with Yang et al.’s (2018) study that demonstrated that immersive VR influenced
attention.

The findings of the study demonstrated that immersive VDE had a significant influence on flow
and motivation and therefore, on design process creativity. Results, also, demonstrated a significant
correlation between spatial ability and flow state, and between motivation and flow state. The
findings indicated that the immersive VDE influences significantly design process creativity. Also,
the results showed a significant relationship between spatial ability and design process creativity.
The study findings led us to a deeper understanding of the impact and relationship between immer-
sive VR, spatial ability, motivation, flow state and design process creativity.

Conclusion

In today’s design world, the implementation of immersive VR technologies is becoming very
common, especially in basic design education. Studies about creativity support environments
and creativity factors are also, recent topics in research on basic design education. However, edu-
cational institutions are not yet, able to adapt to this rapid development of creativity support
tools. Today, design instructors aim to develop students’ design skills without paying much atten-
tion to their creativity skills or even more important to the factors that affect their design crea-
tivity. The findings of this study could provide new insights to design instructors for means that
facilitate and support design creativity. In fact, this study presented to design instructors the
importance of creativity factors on design process. The results also emphasized the importance
of a holistic understanding of design students’ abilities and factors that influence design
process in education.

Limitations and future research

The present study is subject to some limitations. First, only twomain factors related to creativity, flow
state and motivation, were considered in this study. Thus, other factors should be considered in
further studies such as, the individuals’ initial creativity and motivation levels for the task. Second,
most of the participants were unfamiliar with the VR tool and the design software, Gravity Sketch,
used in this study. Therefore, it should be noted that technologies and new tools could add
tension to the user that could affect their performance in a positive or negative way. Therefore,
the individuals’ levels of stress and relaxation during the design task should be assessed as well.
Lastly, due to the limited available tools and time restrictions, this study carried a small sample
size of 42 design students with small significant differences. Thus, a study with a greater number
of participants should be considered and it would be interesting to see if the same feature of immer-
sive VDE “body involvement” would still provoke a significant difference between immersive and
non-immersive VDEs. Thus, a study with a larger sample should be considered. Still, much research
is needed to understand the individual and environmental factors influencing creativity.
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