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Abstract: Virtual reality (VR) applies various types of advertisements (ads) to promote brands
while collaborating with companies. This study aims to present effective advertisement types by
verifying user responses in a VR environment. First, by analyzing the cases of advertisements with
immersive content, the types of advertisements in VR were defined as avatar costumes, products,
and wall posters. The user response was measured in two categories: gaze response measured
by the eye-tracking VR advertisement monitoring system (EVAMS) and the advertisement effect
analyzed through surveys. As a result of analyzing the user responses, the avatar costumes among
the advertisement types caused the highest visual attention and advertisement effect. In addition,
by analyzing the correlation between visual attention and the advertisement effect, it was observed
that there was a positive relationship between the number of fixations and advertisement attention,
fixation time, and advertisement recall. Thus, it was confirmed that the higher the number of fixations
and the longer the fixation time, the more positively an advertisement was affected. In addition, it is
expected that the results of this study can be used as a reference for effective advertisement directing
in VR content development and advertisement directing and processing.
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1. Introduction

According to the Facebook report “AR/VR: Opening a new world,” the development
of virtual reality (VR) technology starts in the fields of advertisement, art, and entertainment,
and it is reviewing the way to apply ads to VR content [1]. In addition, Grand View Research
predicted that VR and metaverse would account for more than 50% of advertisements
in the field and will expand further in the next five years [2]. Accordingly, research is
being conducted on utilizing advertisements as a revenue model for content and providing
reliable data to advertisers. In addition, the need for a method to efficiently direct ads
without interfering with a user’s virtual world experience is emphasized.

To precisely analyze the advertisement effect in a virtual space, it is necessary to
examine the user’s response to the advertisement. In the field of advertising, various
physiological measurement methods, such as eye-tracking, EEG measurement, and heart
rate measurement technologies, are used. In particular, eye-tracking technology can im-
mediately and objectively measure a user’s gaze response, enabling accurate analysis of
visual stimuli. It is also useful for detailed user gaze-response analysis because it can obtain
various data such as gaze frequency, duration, and order [34].

Therefore, we aim to examine the effective types of advertisements by verifying user
responses to advertisements presented in various forms in a VR environment with visual
attention and advertisement effects. First, the types of advertisements with VR content
and previous studies on visual attention and eye-tracking technology are reviewed. In
addition, the type of advertisement and eye-tracking index used in the study are selected
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(Section 2). Section 3 presents the eye-tracking VR advertisement monitoring system to
which the eye-tracking metric developed to measure the gaze response to advertisements
in a VR environment is applied. We then describe the ad effect measurement experiment,
including eye-tracking for visual attention measurement using the system and the ad
effect survey in Section 4. Sections 5 and 6 compare the experimental results to derive
effective advertisement types and analyze the results of the correlation analysis between
gaze response and advertisement effectiveness.

2. Related Work
2.1. Advertisement in 3D Spatial Content

Virtual space-based content, including VR, is discussed to reflect the format of existing
3D games, and a plan to apply the in-game advertisement format to VR content is being
attempted. In a 3D game space, advertisements are applied as sponsorship, branded char-
acters (appearance), real-world analogs (billboards and posters), and product placements
(real-world products, clothing, costumes, items, and buildings) [5]. As this did not have a
significant impact on gameplay, users showed a favorable attitude. For example, one study
applied game advertisements to 1350 male players aged 1344 years and found that 67% of
the players thought that in-game advertisements made the game more realistic, and 40%
thought that this type of advertisement influenced their purchase decisions [6]. Another
study showed that repeated exposure to advertisement messages in sports video games
had a significant and positive effect on brand recall and awareness, brand attitude, and
brand purchase intention [7].

Advertisements applied to virtual-space-based content are mostly studied based on a
metaverse platform, and the importance of ads is emphasized according to the expansion
of commerce services within the content. Depending on the method of advertisement,
five types were derived: use as an item, reproduction of advertisements in the real world,
temporary game events, the brand’s games, and exposure to advertisement banners [8].
Based on the level of participation in the metaverse content and the purpose of utilization,
the virtual world type uses the brand’s own virtual space, the information-providing type
provides brand information, the participation-inducing type induces game participation,
and the creative tool type produces a brand product in a virtual world [9]. Finally, de-
pending on the placement method, they are classified into banner advertisements, virtual
outdoor advertisements, reproductions of offline stores, and sales of branded products and
services in virtual spaces [10].

Based on these studies, we classify the types of advertisements applied to a virtual
environment according to the exposure method. First, it was divided into cases of direct and
indirect exposure through the background. Directly presented is when a character wears a
brand costume or item and a real product is presented. Indirect presentation corresponds to
presenting brand information by utilizing space elements such as wall posters or arranging
the brand’s building. Among these, we selected three types of advertisements that could
be applied to one VR space. An avatar costume, product placement, and wall poster were
selected, and the visual attention and ad effects were examined.

2.2. Visual Attention and Eye-Tracking

Visual attention occurs selectively to efficiently process visual information to cogni-
tively resolve visual stimuli [11]. Moreover, as the first step toward encouraging consumers
to pay attention to advertisements, it is essential to review the production, placement, and
application of marketing. If an advertisement does not attract consumers’ visual attention,
it cannot be perceived or interpreted [12]. Advertisement effects vary depending on users’
focus [13,14]. Therefore, it is necessary to analyze which advertisement elements consumers
pay attention to and how long they stare at them.

Previously, visual attention was mostly measured using post-questionnaires. The
recall of advertisements, consumer attitudes toward brands, and purchase intentions
have been investigated [15-17]. These measurements have been used for a long time
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and are considered reliable. However, this was not carried out simultaneously with the
advertisement exposure, and subjective interpretation intervention was inevitable until
the survey. Therefore, questions have been raised as to whether measurement results
accurately reflect advertising effects. To compensate for this, quantitative measurement
technology, such as eye-tracking technology, which responds immediately when a user sees
an advertisement, is required.

Eye-tracking is a technique that collects and analyzes information on how humans
accept and respond to visual stimuli by observing eye movements [18]. Responses to visual
stimuli are collected in real-time, which has the advantage of providing objective data with
no time lag between stimuli and responses [19]. Furthermore, with the development of
eye-tracking technology, modern eye-tracking equipment can record large amounts of eye
movements under natural exposure conditions with high precision and low cost, making it
easy to measure visual attention [3,14].

Recently, eye-tracking has been used to analyze user reactions in virtual environments.
Applying eye-tracking to VR environments can help analyze user gaze responses in real
environments [20]. For example, Kellogg, a food manufacturer and marketing company,
used VR and eye-tracking to analyze consumer reactions to a new product before launching
it. By implementing a virtual store, data on the application of billboards for products placed
on the shelves, route of application, and time of application were collected to present data
for effective product marketing [21].

Many studies have used fixation to analyze gaze responses using eye-tracking tech-
nologies. This is because to perceive visual objects and process information, it is necessary
to provide a certain amount of time to view objects. Therefore, related research defines
fixation as a state of fixing eyes to visual stimuli for a certain period [4,22]. In general,
fixation is judged when the gaze is performed for more than 0.1-0.5 s and is appropriately
adjusted for research [23-25]. The metrics for fixation were expanded to include fixation
duration, number of fixations, first fixation, and entry time.

An analysis of previous research on eye-tracking revealed that the number of fixations
and fixation time were most frequently used to measure visual attention. Therefore, we
adopted the number of gazes and gaze times as indicators to measure the user’s visual
attention in the VR environment. The number of fixations indicated the extent to which
the area of interest was gazed at, and the fixation time was defined as the total amount of
time spent gazing at the area of interest. Furthermore, we propose an eye-tracking VR ad
monitoring system to measure the visual attention to ads presented in a VR environment.

3. Eye-Tracking VR Advertisement Monitoring System

The eye-tracking VR advertisement monitoring system (EVAMS) tracks the eye move-
ments of users experiencing VR content and analyzes how they respond to advertisements
in a virtual space. When a user wears a VR head-mounted display (HMD) equipped with
an eye-tracking function and accesses the VR environment, EVAMS starts automatically.
If the user stares at the VR intra-environment advertisements, it distinguishes them, and
the corresponding system writes eye-tracking data regarding the number of fixations and
fixation times for each ad. When the user’s VR environment observation was completed,
the eye-tracking data were automatically saved as a CSV file. Finally, the user’s gaze
reactions were analyzed.

3.1. System Development

The proposed system was developed using the game engine Unity version 2020.3.9.f1
and C#. The SRanipal SDK, an eye-tracking algorithm provided by HTC Vive, was used
to reflect the direction and position of a subject’s gaze in a VR environment. In Unity, the
user corresponded to Main Camera. In order to extract information about the user’s gaze,
the Gaze Ray object in the SRanipal SDK was assigned as a child of the Main Camera. To
visualize eye movements and extract collide data about the eye-tracking data in detail, the
subject’s gaze was implemented in the form of a straight line (Ray) extending from the
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Main Camera to the subject (Figure 1c). The Main Camera was assigned a Tracked Pose
Driver component (Figure 1a). This is a setting in which real-time information about the
HMD is received, with the Pose Source referencing the HMD to extract the center eye. In
addition, the Tracking Type was set to rotation only so that the user could rotate 360° with
its position fixed. The Limit Scene script was used to allow the administrator to adjust the
experiment time and automatically shut down the system when the experiment was over.
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Figure 1. System Setting.

The Gaze Ray was assigned a Collider component and a Rigidbody component to
create eye-tracking data when an advertisement was recognized (Figure 1b). The Collider
was set to have the same thickness and length as the Ray; therefore, eye movement was
accurately reflected. The Rigidbody was set such that the position and rotation were fixed
so that the position and shape did not change after collision with other objects. Furthermore,
the Collider Manager script and the Write CSV script are applied such that when the ray
is recognized in the advertisement, the eye-tracking data are written and stored as a file
at the end. The Collider Manager script was designed to create real-time data on the
number of fixations and fixation time, including the name of the advertisement, metrics,
and measurements. In the script, the eye-tracking data creation process proceeds in three
steps: start, progress, and end. In the starting step, the number of fixations is measured
based on the point in time when the Ray touches the advertisement, and one fixation is
added each time the user gazes at the advertisement. During the progress step, the time
taken to gaze at each advertisement was recorded in units of 0.02 s. When the subject gazes
at another object and gazes at the advertisement again, fixation time accumulates. In the
end step, the fixation time measured in the progress step was synthesized and output.
The Write CSV script was used to save the eye-tracking data. The data created during the
experiment were automatically stored in the Unity project as a CSV file shortly after the
completion of the experiment. In addition, to measure the advertisement effect, a tag was
assigned to distinguish each advertisement, and when the Ray contacts the Collider, the
physical data were returned.



Appl. Sci. 2023,13, 7063

5o0f 14

3.2. Prototyping the VR Content for Experiment

The VR content for the experiment included EVAMS and consisted of Start, Test, and
End scenes. The content screens in all scenes appear differently depending on the subject
and the experiment manager. First, in the Start scene, experimental guidance appears for
the subject, and the launch calibration button and start button are presented to the manager
(Figure 2a). The eye calibration system provided by Steam VR is activated when the man-
ager clicks on the launch calibration function button. After the eye calibration is complete,
the screen returns to the previous screen, and the manager can start the experiment by
clicking the start button. In the Test scene, the EVAMS was applied, and the gaze response
was collected while the subject performed the experiment (Figure 2b). The experimental
situation could be checked in real-time on a PC screen. In addition, the manager can
configure the experimental environment according to the situation by changing the virtual
space, advertisement, or material of the advertisement. When the experiment time set in
the Test scene was exceeded, the content was automatically transferred to the End scene
that informs “End’ (Figure 2c).

Subject View

e AR EA E22A2.

Eye Calibration Screen

Experimental Manager View

Subject View Subject View

(a) Start Scene (b) Test Scene (c) End Scene

Figure 2. Individual Scenes of EVAMS.

4. Method
4.1. Research Model

This study aims to verify user responses in a VR environment and derive an effective
advertisement type. The advertisement types applied to VR were avatar costumes, products,
and wall posters. An avatar costume is a brand-logo T-shirt applied to a fixed avatar. For
the product, a 3D model similar to the actual product was placed, and for the wall poster, a
brand logo poster was attached to the wall.

User response was investigated in two stages: visual attention and advertisement
effect. Visual attention is the gaze response collected by EVAMS. First, memories cannot
be formed when the fixation time is less than 0.3 s [4,26]. Therefore, we judged fixation
as valid only when gazing at an advertisement of interest for more than 0.3 s. Therefore,
while experiencing the VR environment, the number of fixations and fixation time for each
advertisement were measured to analyze the type of advertisements the subjects gazed at
frequently and for a long time.

The advertisement effect, as measured by the survey, was a cognitive response to the
advertisement, and advertisement attention and recall were investigated. Advertisement
attention refers to the level of conspicuousness and attention due to visual characteristics
that arouse interest in the advertisement of a particular brand or product or the level at
which consumers perceive it as important [12]. The form of advertisement works as a
visual variable that affects the advertisement effect, and it has been shown that products
and brands with high attention are highly likely to be selected [27]. Advertisement recall
is an index that measures how accurately people remember an advertisement or how
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much attention they pay to it. When visual attention is paid to an advertisement, the
consumer recognizes and remembers it through cognitive processing [28]. In addition,
advertisements are directly related to consumer activities, and recall is higher when they
are presented clearly [29]. Therefore, advertisement attention and advertisement recall
were selected as measurement indicators to measure ad recognition and memory according
to advertisement type in a virtual environment.

In addition, we analyzed the correlation between visual attention and advertising
effects. Existing research surveys and studies that use eye-tracking use the number of
fixations as an index to measure the level of visual attention. However, as self-administered
surveys involve subjective thoughts and there is a time lag between the experiment and the
survey, quantitative measurement using eye-tracking technology is necessary. In addition,
eye-tracking and questionnaires are sometimes conducted in parallel to analyze visual
attention in depth. Likewise, we also analyzed the relationship between the number
of fixations and advertisement attention and between fixation time and advertisement
recall. This is because the subjects will frequently stare at advertisements in which they
are interested [30,31], which will result in high ad attention. In addition, to recognize an
advertisement, a certain period of time is required to make visual efforts. Therefore, the
more time that is paid to an ad, the better it is to form memories, such as recall [29].

4.2. Materials and Equipment

Vive Pro Eye (Tobii AB) HMD with an eye-tracking function was used as the VR device
for eye-tracking. It outputs gaze data at a frequency of 120 Hz, has an accuracy of 0.5-1.1°,
and a trackable field of view of 110°. It also supports eye calibration through SteamVR,
enabling accurate eye-tracking based on the subject. In addition, the Vive Pro Eye HMD
was confirmed to be an appropriate tool for data collection, such as eye movement delay,
speed, error rate, and pupil response in gaze response analysis through eye-tracking [32,33].

The environment in which the experiment was conducted is illustrated in Figure 3.
The subject was placed in the center of the space where the base station was installed, and
a chair was placed to rotate 360° to observe the virtual space. The base station is a device
that sets the range of the virtual space in real space. In this experiment, the base station is
installed facing each other at both ends of the diagonal of the subject and on the ceiling for
the progress of the experiment. The experiment manager was placed close to the subject
and equipment so that the experiment could be conducted and the experimental status
could be monitored using a PC.

<| O

Experimental
Manager

4 L 4

Base Station

Subjects

& N

Figure 3. Physical environment for the experiment.

4.3. Stimulus

One brand was used as the experimental stimulus to exclude variables related to brand
preference and awareness. Among the 100 best global brands, Coca-Cola, which provides
all three types of clothes, products, and wall posters, was selected as the experimental
brand [34]. The 3D models of Unity Asset and Adobe Mixamo were used as experimental
stimuli. All 3D models are fixed without movement, the clothing is the NPC avatar’s
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costume, the product is a model of a real can model in Coca-Cola, and the poster is a
Coca-Cola logo image. Texture images of 3D models were edited using Adobe Photoshop
to insert the Coca-Cola logo into each model. The experimental stimuli, produced as avatar
costumes, products, and wall posters, are shown in Figure 4.

(a) Avatar Costume (b) Product (c) Wall Poster

@/ﬁ ? /v\ o @ 0 Or-

Product

Figure 4. VR experimental content configuration.

The virtual environment in which the stimuli were placed was composed of the brand’s
own space to exclude variables caused by the gap between the advertisement and the space
and was created by referring to the Coca-Cola pop-up store that was operated in reality.
In addition, to exclude variables due to the distance and size between the subject and the
advertisement, they were placed at the same distance and in a similar size, as shown in
Figure 5.

° Avatar Costume

° Wall Poster

° Subject’s Start Direction
Avatar Costume Wall Poster o

° Subject’s Position

(a) Experimental VR environment (b) Stimulus Placement

Figure 5. VR experimental content configuration.

4.4. Subjects and Experiment Process

A small-scale experimental study was conducted at Changwon National University
in South Korea. The experiment included 30 participants (female: 14, male: 16, mean age:
24 years) who voluntarily participated in the university community. As listed in Table 1,
eye-tracking experiments and surveys were conducted using eye-tracking VR monitoring
systems. Before the experiment, the subjects were guided, and after wearing the VR HMD,
an eye-tracking experiment was started. Prior to the experiment, we informed subjects
that it was an eye-tracking experiment and guided them to freely observe the virtual
environment for 2 min after eye calibration. The subjects then wore VR HMDs and began
the experiment. To improve the accuracy of the eye-tracking data, eye calibration was
performed for each subject, and the VR environment in which the experimental stimuli
were placed was observed for 2 min. After the experiment was completed, the participants
completed the survey.
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Table 1. Experimental procedure.

Process Time (min)
Advance explanation Experiment guide and wearing VR HMD 1-2
Calibration 1-2
Eye-tracking
Experiment VR Environment 2
Survey 5

4.5. Survey and Analysis Method

To measure the effectiveness of advertisements, advertisement attention and adver-
tisement recall were investigated, and related studies were modified and applied to suit
this study. Items on advertisement attention and advertisement recall were presented iden-
tically to the three types of advertisements and evaluated on a 5-point Likert scale. Table 2
lists five items for advertisement attention [35,36]. Advertisement recall was presented with
three multiple-choice items and an additional item describing memorable elements [37,38].
Cronbach’s « of the advertisement attention item was 0.683, advertisement recall was 0.637,
and the total questionnaire was 0.785. In general, a Cronbach’s alpha value of 0.6 to 0.7 is
considered an acceptable level of reliability [39].

Table 2. Survey reliability.

Item Question Cronbach’s «

. Ilooked at A with interest.
. Ilooked at A.

Advertisement attention . A caught my eye. 0.683

. Tlooked at A with attention.

. I'was an eyesore with A.

. I remember A.

. A comes to mind.

Advertisement recall 0.637

. I remember the location of

>00\1@\U1H>DJI\)|—\

Total 0.785

Data analysis was performed using SPSS Statistics ver. 27 and verified based on
commonly used confidence intervals of 95%, 99%, and 99.9%. First, the reliability of the
survey was analyzed. Then, a one-way analysis of variance (ANOVA) was conducted to
examine the average difference between eye responses and advertisement effect according
to the type of advertisement. The eye-tracking data were reflected as the data derived from
EVAMS, and advertisement attention was calculated as the average value of each item
surveyed on a 5-point Likert scale. Finally, the correlation was analyzed to examine the
relationship between the gaze response derived from the EVAMS and the advertisement
effect survey and interpreted according to the standard correlation coefficient [40].

5. Results
5.1. Visual Attention and Advertisement Effect

The number of fixations by advertisement type was F = 3.629, p = 0.031, which
was confirmed to have a statistically significant average difference based on the 95%
confidence interval as listed in Table 3. The avatar costume (average = 5.70), wall poster
(average = 5.03), and product (average = 4.33) had the highest averages, and the subjects
gazed at the avatar costume most often.
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Table 3. One-way ANOVA of number of fixations by ad types.
ANOVA
Number of Fixations
Sum of Squares df Mean Square F Sig.
Between groups 28.022 2 14.011 3.629 0.031 **
Within groups 335.933 87 3.861
Total 363.956 89
Type of Advertisement Mean SD Min Max
Avatar costume 5.70 2.02 2 11
Product 433 1.47 2 7
Wall poster 5.03 2.31 1 10
5 <0.05.

Fixation time showed a significant difference at a 95% confidence interval (F = 4.847,
p = 0.01) as listed in Table 4. The average fixation time was derived in the order of avatar
costumes (average = 7.36), wall posters (average = 7.09), and products (average = 7.09). It
was confirmed that the subjects gazed at the avatar costumes the longest.

Table 4. One-way ANOVA of fixation time by ad types.

ANOVA
Fixation Time
Sum of Squares df Mean Square F Sig.
Between groups 105.708 2 52.854 4.847 0.010 **
Within groups 948.671 87 10.904

Total 1054.379 89
Type of Advertisement Mean SD Min Max
Avatar costume 7.36 3.06 1.66 15.54
Product 4.94 2.59 0.95 10.46
Wall poster 7.09 4.08 0.77 15.53

= < 0.05.

There was a significant difference in the 95% confidence interval (F = 3.721, p = 0.028)
for advertisement attention by advertisement type as listed in Table 5. The average was
in the order of avatar costumes (average = 4.25), wall posters (average = 4.02), and prod-
ucts (average = 3.79). The subjects felt that the avatar costumes induced the greatest
visual attention.

Advertisement recall was calculated by adding the average value of the Likert 5-point
scale and the converted value of the description item. There was a significant average
difference at the 95% confidence interval with F = 3.451 and p = 0.036 as listed in Table 6. It
was confirmed that the avatar costumes (average = 5.10), wall posters (average = 4.62), and
products (average = 4.47) had the highest averages and that the subjects rated the avatar
costumes as the most memorable.
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Table 5. One-way ANOVA of advertisement attention by ad types.

ANOVA
Advertisement Attention
Sum of Squares df Mean Square F Sig.
Between groups 2.888 2 1.444 3.721 0.028 **
Within groups 33.759 87 0.388

Total 36.647 89
Type of Advertisement Mean SD Min Max
Avatar costume 423 0.59 2.67 5.00
Product 3.79 0.59 2.67 5.00
Wall poster 4.02 0.69 217 5.00

< 0.05.

Table 6. One-way ANOVA of advertisement recall by ad types.

ANOVA
Advertisement Recall
Sum of Squares af Mean Square F Sig.
Between groups 6.532 2 3.266 3.451 0.036 **
Within groups 82.334 87 0.946

Total 88.866 89
Type of Advertisement Mean SD Min Max
Avatar costume 5.10 0.82 3.33 6.00
Product 447 1.02 2.00 6.00
Wall poster 4.62 1.06 2.33 6.00

< 0.05.

5.2. Correlation between Visual Attention and Ad Effectiveness

There was a significant correlation between the number of fixations and advertisement
attention at the 90% confidence interval. The correlation coefficient was positive at 0.206;
however, as listed in Table 7, the correlation was weak.

Table 7. Correlation between visual attention and ad effectiveness.

Number of Fixations Fixation Time
Advertisement attention 0.206 * 0.085
Advertisement recall 0.314 *** 0.239 **

*p <0.10, ** p <0.05, *** p < 0.01.

Correlation analysis between fixation time and advertisement recall revealed a signifi-
cant correlation at a confidence interval of 95%, and a correlation coefficient of 0.239 was
derived, indicating a positive but low correlation.

6. Discussion

The purpose of this study was to derive effective advertisement types by analyzing
visual attention and advertisement effects according to the advertisement types applied
in VR. The advertisement types were defined as avatar costumes, products, and wall
posters. To verify the user response to the advertisement, visual attention was measured
by developing EVAMS, which measures the number of fixations and fixation time. To
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analyze the participants’ subjective advertisement effects through the survey, advertisement
attention and advertisement recall were investigated. The results are as follows.

As aresult of analyzing visual attention according to advertisement type in VR through
EVAMS, there was a significant difference between the averages in the number of fixations
and fixation time according to advertisement type. With regard to the number of fixations
and fixation time in VR, avatar costumes, wall posters, and products were observed to be
the highest. By analyzing the subjects’ subjective advertisement effects through a survey,
both advertisement attention and advertisement recall were derived in the following order:
avatar costumes, wall posters, and products. It was observed that the avatar costume
evoked the highest visual attention, followed by the wall poster and product. This supports
the results of previous studies showing that the more salient and conspicuous the type of
advertisement related to the direct behavior of users or people, the higher the attention and
recall of the ad [41,42]. However, in the case of the wall poster and product, the subjects
felt that the wall poster and product were the backgrounds, as in the creative placement of
Babin and Carder (1996) [16].

The results of the correlation analysis, which was conducted to identify the connection
between quantitative and qualitative analyses of user responses to advertisement types,
showed significant correlations between the number of fixations and advertisement at-
tention and between fixation times and advertisement recall. For the number of fixations
and advertisement attention, the correlation coefficient was positive at 0.206 but low. This
means that the more frequently the user fixates on the advertisement, the higher the level of
attention to the ad. For fixation time and advertisement recall, the correlation coefficient is
0.239, indicating a positive correlation, and it is confirmed that the longer the advertisement
fixation, the higher the advertisement recall. Therefore, the higher the number of fixations,
the higher the advertisement attention, and the longer the fixation time, the higher the
advertisement recall. Therefore, the higher the number of gazes and the longer the gaze
time, the more positive the effect on the advertisement, which is consistent with the results
of previous studies [29,43]. Furthermore, as the correlation between the results of the
EVAMS and the survey was derived as a positive relationship, eye-tracking technology is
considered able to collect the gaze response data necessary for measuring advertisement
effectiveness [32,33].

This study has several limitations. First, the experiment conducted in this study was
designed to allow the subjects to observe the advertisements while rotating the virtual VR
environment 360°. Moreover, in the experiment, we presented the same advertisements
in the same location to all users. This excludes the case in which the user freely moves
in a virtual space using a control device, such as a controller in VR content; therefore, it
does not reflect actual user activity. It may also be considered that this paper excludes
variables for the location of the advertisement or the order in which the user contacts it.
Second, it is a space designed for experiments, which is different from the environment
experienced by actual VR users. VR content is characterized by rich experiences in various
places. Therefore, we need to apply various types of advertisements to diverse types of
spaces and conduct experiments on them. Third, it is necessary to select strict standards
and brands of experimental stimuli. Consumer responses to advertisements are likely to
be influenced by existing brand attitudes toward companies; therefore, the brand of the
experimental stimulant should be selected considering these factors. Fourth, the sample
size of the experimental group was small. In the future, a larger number of participants
should be recruited to derive equitable research results. Finally, it is necessary to identify a
comprehensive correlation between eye-tracking data and advertising effectiveness. We
classified and analyzed each matrix according to its purpose; however, this was insufficient
to draw a comprehensive conclusion for measuring advertising effectiveness. If these
limitations are addressed and the study is supplemented, more meaningful results can
be obtained.
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7. Conclusions

In this study, to derive effective advertisement types for VR environments, a quantita-
tive method using eye-tracking and a qualitative method using a survey were explored in
depth. EVAMS was developed to present a methodology for measuring advertisements in
a virtual environment and directing VR advertisements. This can be used as a reference
for effective advertisement production in the process of directing advertisements to be
reflected in VR and developing VR content. It is also expected to be used as a system to
measure advertisement effectiveness and set advertisement costs for VR content producers
and advertisers.

In the future, we plan to analyze advertisement effects according to the color and
arrangement of advertisements in the virtual environment or movement by reflecting on
user activities in VR. In addition, we will analyze the accuracy according to the user’s
position and shape of the experiment in the gaze response analysis using the eye-tracking
VR monitoring system.
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