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Abstract

VR offers content reproducibility and precise control for comparison experiments, therefore, the evaluation of user experience
of living scenarios in VR may become an appealing methodology in behavioral, cognitive, and social studies. The main features
of this study are as follows: (1) We proposed a concept of recording cognitive and behavioral data with environment data
as a common database of daily experience using the virtual proof-of-concept experiment. To record cognitive processes, we
proposed “time machine interview" method, which involves replaying the recorded data to users and interviewing them about
their thoughts during each action. (2) We developed a virtual commercial complex proof-of-concept field and measured the store
search behavior among men and women in their 20s, 40s and 60s (N=16) to evaluate our proposing concept. (3) We analyzed the
recorded data and subjective reports from questionnaires, and evaluated advantages and disadvantages of recording experience
data in VR compared to recording data in real environments. (4) The subjective reality of the experience was significantly higher
when the movement was triggered by stepping motion than by a key press.

CCS Concepts

* Human-centered computing — Human computer interaction (HCI); Virtual reality; User studies;

1. Introduction

Virtual reality (VR) has been used in studies of cognitive behavior
by reproducing specific individual living scenarios in virtual space
(e.g., shopping [ XH21]). VR offers content reproducibility and pre-
cise control for comparison experiments, therefore, the evaluation
of user experience of living scenarios in VR may become an ap-
pealing methodology in behavioral, cognitive, and social studies.
To evaluate the effects of environmental changes or assistive tech-
nologies, it is necessary to compare the change with the usual daily
activities prior to any modifications, referred to as “control condi-
tions.” Therefore, we are conducting research within an industry-
academia collaboration consortium “Design Association of Aug-
mented Experience (DAAX)”, aiming to replicate living environ-
ments in a VR space and record cognitive behaviors within the
space as common control condition data. In this study, we repli-
cated a commercial complex in a VR space as an example of a liv-
ing environment and recorded and analyzed the cognitive behaviors
of users immersed in that environment.

2. Method
2.1. Development of a virtual proof-of-concept field

A virtual commercial complex model (Figure 1) including eight
shops was developed based on the recommendations of companies
specializing in the design and development of real commercial co-

© 2024 The Authors.

Proceedings published by Eurographics - The European Association for Computer Graphics.

This is an open access article under the terms of the Creative Commons Attribution License, which
permits use, distribution and reproduction in any medium, provided the original work is properly
cited.

Figure 1: VR commercial complex.

mplex, therefore, size of aisles and stores were replicated with the
actual facilities. On the contrary, to enhance usability for proof-
of-concept experiments, a symmetrical structure was implemented,
and the space of each store was standardized. This design en-
sures compatibility of store locations and facilitates verification
processes. By creating this content separately from essential im-
mersive VR functions such as avatar operation and recording, and
then implemented it on the general experiment platform Xperigra-
pher [Ohy21]. Therefore, various other contents could be executed
in the same experimental environment.

2.2. Experimental procedure

The experimental procedure commenced with an explanation of the
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study and confirmation of informed consent. Participants (N=16)
then wore jackets that matched the attire of their avatars. This was
followed by a calibration process. Subsequently, participants were
explained about the product search task. Target product was a scarf
shown by a picture. Then, subjects practiced one of two movement
operation conditions (i.e., movement was triggered by stepping mo-
tion or a button press). The next task involved touching a table to
elicit embodiment. Participants then started the product search task,
during which their behaviors were recorded. This was followed by
areplay session with the time machine interview to reveal cognitive
processes. Finally, participants completed a questionnaire.

3. Results and discussions
3.1. Subjective evaluations of reality

Participants were asked, “How similar do you think your behav-
ior in the experiment is to your normal behavior in a real shop-
ping mall? Please respond on a scale from O to 100, where 100
represents identical behavior to the real experience, and O repre-
sents completely different behavior.” The results indicated an aver-
age score of 60.3 (SD = 26.7), with a maximum score of 90 and
a minimum score of 10. Participants who scored 10 reported the
reason was that their walking speed in VR was slower compared to
real life. One who scored 20 mentioned that if she was shopping in
real life, she would have spent more time perusing stores unrelated
to product exploration. These findings suggest that the perceived
differences from real and virtual field were attributed to variations
in environmental conditions, such as the method of operation and
movement, as well as tasks that participants would not typically
perform in real life.

3.2. Behavior data and cognitive processing data

No significant differences were observed in the range or paths of
movement trajectory depending on the movement operation condi-
tion. However, two different patterns of movement were identified
in the central wide area in the complex. One pattern involved mov-
ing along the passage or wall (Along in Figure 2), and the other in-
volved cutting across diagonally (Diagonal in Figure 2). No signif-
icant correlations with age, gender or personality traits were found,
although there were no participants in their 60s who moved in the
diagonal pattern.

Along (N=9)

Diagonal (N=5)
-

Figure 2: Main trajectory patterns of store search.

Immediately after entering the building, 14 out of 16 participants
stopped for an average of 7.3 seconds. This suggests that guidance
and assistance at this location could be effective. Although, only
one participant paid attention to the map placed in different loca-
tion. Additionally, from a questionnaire, participants felt that the

experienced VR space was significantly more similar to their ev-
eryday living environment when the movement was triggered by
stepping motion than by a key press (Mann-Whitney U test; p <
.05). Cognitive processes were analyzed from the time machine
interview, which reveal the reasons and motivations for the be-
havior. For instance, all participants utilized product category in-
formation to locate stores, assuming that a scarf would be found
in apparel shop. They cross-referenced this information with their
past experiences and memories, estimating whether the store de-
sign matched the brand image associated with selling scarves. Par-
ticipants then approached the store they predicted to be the most
relevant based on category proximity. This search process closely
aligns with the cognitive behavioral processes observed in previous
research on consumer’s navigational search strategies in real-world
stores [Tit96]. We will discuss the similarities/differences and ad-
vantage/disadvantage between real and virtual field studies.

3.3. Designing daily experience database

To systematically evaluate the impact of environmental and support
factors and to accumulate multifaceted insights, it is necessary to
compare multiple factors under the same control conditions. Figure
3 shows an example recorded data in design of proposed common
experience database that answers the SW1H. This database can be
used at any time to refer to and analyze the reproduction of various
daily situations.
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Figure 3: Example of the recorded data in proposed design of com-
mon database of daily experience.
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