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ARCHITECTURAL PLANNING AND DESIGN

Identifying customer preferences through the eye-tracking in travel websites 
focusing on neuromarketing
Ju Yeon Kima and Mi Jeong Kimb

aSchool of Architecture, Soongsil University, Seoul, Dongjak-Gu, South Korea; bSchool of Architecture, Hanyang University, Seoul, 
Seongdong-Gu, South Korea

ABSTRACT
The psychology of people and behavior associated with decision-making can be analyzed by 
examining their visual attention to products based on the introduction of neuromarketing at the 
intersection of neuroscience and marketing. This study aims to identify factors affecting consumers’ 
decision-making on travel products by investigating their preferences and areas of interest via 
online vacation booking sites. In this experimental study, eye-tracking was measured on 30 male 
participants in the age of forties, and data on their gazes in response to stimuli were extracted and 
compared with their choices in the questionnaire survey. The study addresses the following research 
question: “On what areas of customer preference can visual attention be deemed an influence?” 
Whether changes to the visual information about spatial products influence product preferences 
and decision-making was investigated. As a result of analyzing the region of interest in the eye- 
tracking according to the order of space preference, the preference rate for image 3 (M = 782.65) 
containing the outdoor space was the highest, followed by furniture and web information. 
Regarding the initial concentration, among the flow of time, the fastest concentration started at 
stimuli 2 (4.21s), but the time when concentration increased was at stimuli 3 (16.28s). Visual 
perception data were analyzed as a verification process for determining the time difference in the 
concentration of gaze movements according to personal preference. The correlation between the 
questionnaire survey, reflecting consumers’ conscious preferences, and the data of gaze move
ments, showing unconscious decision-making, was analyzed.
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1. Introduction

Spaces have become commercialized products with 
online service platforms, and consumers make deci
sions on these spatial products based on their prefer
ences for the information provided by such online 
platforms (De Matos, Vieira, and Veiga 2012; Sung  
2004; Yadav, Balaji, and Jebarajakirthy 2019). For exam
ple, people would get motivations through participat
ing the collaborative consumption, and further loyalty 
in sharing platforms when social media influencers 
facilitate interaction between strangers. A travel pro
duct website as one of representative online platform, 
plays an important role for travelers to understand and 
select the preferred destination at the purchasing 
stage. When shopping and purchasing, most people 
refer to the digital information provided by a website 
rather than directly examining a physical object; whom 
are considered as a digital consumer. As digital con
sumerism has increased, so as the quantity of informa
tion on traveling or vacations that are provided on 
websites including details such as locations, prices, 
interior spaces and exterior views of hotels, shared 
accommodation, and travel agencies are 

commercialized and shared (De Matos, Vieira, and 
Veiga 2012; Meilhan 2019; Mircică 2020).

The visual appeals of websites are becoming 
more critical for the marketing of space-related 
products because digital customers tend to evalu
ate and select a space based on visual information 
about the accommodation and the surrounding 
landscape when they decide to purchase on 
a website. The visual information on online vacation 
booking sites provides a helpful visual stimulus to 
identify people’s preferences for and interests in 
spatial products using a fixed-interface design 
(Sung 2004). It is possible to extract the contextual 
factors that influence consumers’ decision-making 
according to the areas of their attention and the 
time spent (De Matos, Vieira, and Veiga 2012; 
Yadav, Balaji, and Jebarajakirthy 2019). Recent 
research has sought to understand the psychologi
cal preferences and intentions, not only of indivi
dual consumers but also of groups, and applied the 
findings to brand marketing. In the online platform 
economy, consumers value co-creation behavior 
and make behavioral economics of decision- 
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making while doing collaborative consumption 
based on the trust of digital platform operations 
and reputation system (Meilhan 2019; Mircică  
2020; Mirică 2019; Popescu and Ciurlău 2019). 
With the introduction of neuroscience into market
ing, it has become possible to understand whether 
digital consumers are affected by the “what” and 
“where” of their preferred products through their 
visual attention (Lee, Broderick, and Chamberlain  
2007; McClure et al. 2004; Morin 2011). That is, 
digital consumers’ psychological information, such 
as preferences and interests, can be expressed 
unconsciously and investigated through eye- 
tracking.

This study aims to extract the psychological 
response of consumers through the scientific 
research of gaze data concerning product prefer
ences and decision-making from the perspective of 
visual marketing. The project seeks to ascertain 
whether neuromarketing can effectively predict cus
tomers’ preferences on travel websites. The infor
mation about spatial products on the websites was 
used as a visual stimulus. The research questions 
were derived by subdividing the information in 
terms of visual marketing. The research questions 
are as follows:

● From what areas of customer preference can 
visual attention be derived as an interest?

● Do changes to the visual information of spatial 
products influence preferences and decision- 
making concerning those products?

● Are there time differences in the concentration of 
gaze movements according to personal 
preferences?

Visual marketing is related to the factors that are shown to 
be effective for marketing. For example, even for excep
tional space, the expected effect may not emerge if the 
visual information about the space on the travel website 
does not present it compellingly. This research explores 
customers’ responses to the visual stimuli of the travel 
website. The result made a new proposal for the field of 
spatial and user behavioral awareness, in that interior 
space extracted the difference between the user’s con
centration area of interest (AOI) and the time-dependent 
area of interest through the commercialization process.

Following this introduction, this paper reviews the 
literature on neuromarketing and visual attention 
with eye-tracking to provide a foundation for the 
proposed research background. In the method sec
tion, the experiment settings and process are 
described and explained. After the method section, 
this paper presents the results of a survey and experi
ment, followed by the discussion section. Then the 
paper concludes with its implications, contributions, 
limitations, and future works.

2. Related works

2.1. Neuromarketing applied to customer 
psychology

Neuromarketing has attracted attention since the 
adoption of brain – computer interface (BCI) research 
into marketing, revitalizing the sector by predicting 
consumer preferences (Boz, Arslan, and Koc 2017). An 
initial neuromarketing study by McClure, Li (McClure 
et al. 2004) on consumer-preferred beverages has not 
revealed on the control of consumers’ attention and 
short-term memory by the frontal lobe of the brain 
that directly influences on the brand consumption; 
however, since then, many studies have addressed 
the mutual influence of neuroscience and marketing 
(Lee, Broderick, and Chamberlain 2007; Morin 2011). 
Neuromarketing is an extended concept of neurocul
ture, in which the knowledge of neuroscience 
becomes widely disseminated in culture through pub
lic interest. Thus, it is possible to recognize the social 
values and predict consumer behavior in response to 
literature, movies, artworks, mass media, and commer
cial products using a neuroscientific approach 
(Frazzetto and Anker 2009; Reisyan 2016). 
Neuroculture is a field that will continue to play an 
essential role in human lives (Hilgetag and Barbas  
2009). Although it was thought to be impossible to 
examine the unconscious disposition of consumers in 
marketing, neuroscience can grasp this unconscious 
disposition and is thus increasingly used in social 
science research and industry (Ariely and Berns 2010; 
Breiter et al. 2015; Fisher, Chin, and Klitzman 2010; 
Fugate 2007; Kahneman 2011). Neuromarketing col
lects data about consumer preferences by electroen
cephalography (EEG), facial recognition/a facial coding 
system (FACS), positron emission tomography (PET), 
magnetoencephalography (MEG), functional magnetic 
resonance imaging (fMRI), galvanic skin response 
(GSR), and heart rate (HR) and eye-tracking (ET).

Gurgu (Gurgu, Gurgu, and Tonis 2020) stated that 
neuromarketing is used to define the needs and emo
tions arising from the unconscious consumer behavior 
concerning one another and develop preferred 
options for determining emotional values. Sebastian 
(Sebastian 2014) argued that neuromarketing provides 
access to the highest level of psychological value of 
consumer behavior. Based on the characteristics of 
visual marketing, the neuromarketing identifies an 
area of interest by focusing on what consumers 
visually concentrated on, what aesthetical aspect inter
ests them, what they remember, and how they make 
decisions and selections. Vences, Díaz-Campo (Vences, 
Díaz-Campo, and Rosales 2020) studied the influence 
of neuromarketing on the social network, as a tool of 
emotional connection by investigating how neuromar
keting influences decision-making in relationships 
among consumers. They extracted the sensibility of 
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imitation in public. The results of studies on neuromar
keting have indicated the need for recognizing the 
psychological and emotional values of users.

Although consumers’ reactions are at least 90% 
unconscious, the neuroscience technology can mea
sure and collect consumers’ unconscious emotions 
that makes neuromarketing possible (Kahneman  
2011). An experiment based on the reaction of the 
unconscious should be conducted in parallel with 
a questionnaire survey on the emotional response to 
supplement the limitations of neuroscience in market
ing (Fisher, Chin, and Klitzman 2010; Frazzetto and 
Anker 2009; Fugate 2007). For example, gaze data on 
customers’ unconscious interests can be obtained 
through eye-tracking; however, it is not completely 
certain whether this reveals their psychological states 
of interest or not. People sometimes focus on an area 
of the object because they cannot see it well, so their 
gaze reveals their attempt to see it rather than their 
interest in it. The goal of all marketing is to encourage 
customers to make decisions about a particular pro
duct. Thus, it is essential to understand the decision- 
making processes that will enable customers to make 
purchasing decisions as quickly and efficiently as pos
sible. This requires an understanding of psychology 
and research on how it works in the human brain 
(Shapiro et al. 1999). The field of neuromarketing uti
lizes several scientific and effective approaches to psy
chology. The psychology of consumers who purchase 
products online in the digital age can be identified by 
measuring their preferences and predicting processes 
using the scientific tools of neuroscience.

2.2. Eye -tracking and visual attention

Visual attention is about psychological interest and is 
a key research area tracked by eye-tracking in market
ing (Pieters and Wedel 2004; Wedel et al. 2008). In 
marketing, the influence of the personal factor (top- 
down) and the influence of the stimulus factor (bot
tom-up) lead to down-stream communication in the 
factors of visual – spatial attention, and eye-tracking 
research, which uses eye -tracking as an index, has 
played an important role in extracting these two criti
cal factors of marketing (Bundesen 1990; Duchowski  
2007; Wedel et al. 2008). Determinants of attention to 
visual marketing stimuli are reflected in eye-tracking 
and the influence of communication effects on the 
direct interest in marketing, as shown by memory, 
preference, and choice, can be explained. In other 
words, eye-tracking in the theory of visual attention 
distinguishes the top-down effect on attention from 
the consumers’ existing states, such as their expecta
tions, goals, and emotions, and the bottom-up effect 
on attention from those characteristics produced in 
the consumers by the stimulus. More than 90% of all 
perceptual information encountered, and not limited 

to visual stimuli, is unconsciously processed by the 
human brain (Agarwal and Dutta 2015; Zurawicki  
2010), and this processing plays an essential role in 
consumer decision-making (Fisher, Chin, and Klitzman  
2010; Lee, Broderick, and Chamberlain 2007; Pieters 
and Wedel 2004).

In terms of the visual mechanism, when a specific 
position or object is selected through attention, pro
cessing, whereby other positions and objects that are 
not selected are automatically suppressed, is per
formed. This theory concerns attention determinants 
that independently obtain discriminatory information 
about specific stimuli related to visual marketing 
effects. The eye-tracking method is one of the main 
methods used in neuromarketing, whereby visual 
attention can be quantified by monitoring where peo
ple visually observe the stimuli (Bundesen 1990; Gurgu, 
Gurgu, and Tonis 2020; Vences, Díaz-Campo, and 
Rosales 2020; Wedel et al. 2008). Eye-tracking consists 
of fixation and saccades. Fixation is the practice of 
gazing at any one place, and saccades refer to the act 
of continuously moving one’s gaze over a certain dis
tance. Scanpaths or saccades can display an entire 
sequence of gazes and describe eye-movement pat
terns in a visual scene or material. Scanpaths are used 
to measure visual perception, cognitive intent, interest, 
and salience. Customers’ habits in web browsing can 
be analyzed through scanpaths or saccades (Francuz 
et al. 2018).

Zamani, Abas (Zamani, Abas, and Amin 2016) stu
died how human visual attention affects product pre
ferences by linking cognitive science on human 
decision-making to the eye-tracking method. 
Josephson and Holmes (Josephson and Holmes 2002) 
used web pages as visual stimuli to connect visual 
perceptions and sequences of memory in the scan
path. In a study by (López and García 2018), the visually 
appealing elements to digital consumers in the main 
images of a web page were measured. Visual attention 
can be determined either voluntarily or involuntarily, 
moreover Duchowski (Duchowski 2007) provided an 
evidence for visual attention by relating the mind’s 
attention to the theories of the “what” (James 2007) 
and “where” (Von Helmholtz and Southall 1925) of 
visual mechanisms.

The eye-tracking of the fixation of a person’s pupil 
can extract quantitative data on where the person is 
looking, so it is possible to study the visual perception 
response to preferences through analysis of where the 
gaze is directed (Duchowski 2007). In terms of market
ing spatial products, the attention of the gaze is selec
tively reflected by its movement in the prioritized 
areas. Updating the knowledge of fixation priorities 
and long-term memory contributes to interesting 
downstream marketing effects, such as learning (mem
ory), preference formation, and selection (Wedel et al.  
2008). Kim and Kim (Kim and Kim 2012) analyzed the 

JOURNAL OF ASIAN ARCHITECTURE AND BUILDING ENGINEERING 517



initial concentration and maximum concentration 
times of experimental participants with fixation fre
quency and dwell time and studied the difference in 
visual perceptions using fixation difference. Frequency 
is connoted by the number of clusters of fixation and 
saccades, and each frequency is derived from the indi
vidual gaze data included in each cluster (Kim and Kim  
2020). Kim and Kim (Kim and Kim 2019) indicated the 
sequence in the AOI in which the participants stared at 
an object of interest in space, tracking the entry time 
until the first gaze fixation, which occurred after the 
spatial stimulus was presented to the subject, and the 
dwell time; each was recorded as time units and ratios 
of gaze fixation in the AOI. By analyzing the gaze data 
extracted from the AOI, on which attention was con
centrated in space, it was possible to grasp the gaze 
change according to frequency and time. The AOI can 
be established according to an analysis of the experi
mental stimuli. The total and average fixations are 
extracted from this range and depending on the sac
cade of the gaze. The revisit is extracted to determine 
whether the gaze has been re-focused in the specified 
range and to establish the target of interest and 
preference.

3. Research methods and process

In this study, the visual preference for space in digital 
consumption purchase was investigated focusing on 
the following three variables: What participants see 
and are interested in; Visual characteristics according 
to the participant’s personal preference (viewing time, 
area, etc.); and Classified by the participant’s atten
tional characteristics.

3.1. Visual stimuli

The experiment was constructed by selecting visual 
stimuli, which were differentiated to allow for prefer
ence. For the visual stimuli, vacation packages were 
selected from travel websites, on which people rented 
properties located on the beach, to discover the influ
ences on their preferences or interests, which informed 
their decisions. Firstly, the experimental setting was 
divided into three categories by spatial characteristics, 
including whether the space is outdoor or indoor, 
whether it has direct visual accessibility to external 
environment and whether it provides the beach stan
dalone view or combined city and beach view from the 
internal space. Three different prices were assigned to 
the three stimuli because different prices are generally 
provided for spaces when selling holiday destinations; 
price is a critical decision-making factor when selecting 
a space. A visual stimulus centered on the exterior 
landscape and a visual stimulus centered on urban 
buildings were distinguished and presented as visual 
stimuli so that the spatial disposition on the website 

that was most likely to result in a preference could be 
identified. The AOI of the visual stimuli were different 
images, consisting of interior and exterior pictures. For 
example, when people examine a space, some value 
the interior more and the others value the scenery, 
even if the space is indoors; then, some consider 
whether they can enjoy not only a sea view but also 
the convenience of the city. In other words, when 
people choose a space for a holiday destination, it is 
important to observe where they choose when exam
ining preferences for spaces in marketing.

There were three visual stimuli (see Figure 1a): 
Visual Stimulus 1 comprised a space centered on 
a beach view from an external balcony (beach 
view – exterior) and a shot of the interior accommo
dation (space – interior); Visual Stimulus 2 comprised 
a space from which the outside beach could be seen 
through the front window of the indoor space (beach 
view – exterior) and a shot of the interior accommo
dation (space – interior); and Visual Stimulus 3 com
prised a space from which the outside beach view 
could be seen from the interior accommodation 
space (space interior – exterior) and a landscape in 
which the beach could be viewed together with the 
buildings and the sculptures on the outside balcony 
(beach view – exterior; see Figure 1b). The rental 
prices were $290 per night for Visual Stimulus 1, 
$114 per night for Visual Stimulus 2, and $175 per 
night for Visual Stimulus 3. Visual Stimulus 1 was the 
most expensive to rent. There was no bias induced by 
the price in the interpretation of the spatial products 
via the visual stimuli because the price was deter
mined reasonably according to the quality of each 
spaces’ products.

3.2. Experiment procedure and participants

Participants who were healthy, were in their forties and 
had normal or corrected normal vision were recruited 
online. This research refers to the ethnic guidelines for 
conducting experiments. This experiment was 
approved by the ethics committee of Soongsil 
University, and the participants signed a consent 
form prior to the experiment after they had under
stood it. The participants comprised of 30 males in 
their age of forties with a visual acuity of 0.5 or higher, 
and the average age was 43.31 years old (standard 
deviation: ±8.47). Since this study was not interested 
in differences of gender or age, and to remove the 
influence of the personal factor, the participants’ gen
eral characteristics (gender and age) were matched 
similarly. Participants were recruited through adver
tisement for conducting experiments.

Two preliminary experiments were conducted 
before the main experiment, for which the ages of 
the participants and the content of the question
naires were determined. The experiments were 
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conducted with 28 participants. During the experi
ment, each participant received a task brief, and the 
equipment (SM-REDn, 30 Hz) was calibrated to 
maintain a distance of 650 mm between the parti
cipant’s eyes and the monitor and to record any 
changes. To create visual attention, the following 
phrase was shown to the participants: “You want to 
book a seaside hotel in a foreign country for your 
summer vacation. Please choose a hotel you like.” 
When the participants directed their gazes toward 
a specific point on the monitor, as an expression 
that they had read and understood the phrase, the 
monitor was set to move to the next setting, pre
senting the visual stimuli on the screen in order. 
Each visual stimulus was presented for 30 seconds, 
then a break time of about three seconds was given 
between each stimulus; thus, visual attention was 
applied to the experimental stimuli for a total of 
two minutes and ten seconds. The order of visual 
stimuli provided to participants was random. After 
the experiment, a survey was conducted to ascer
tain the preferences for the experimental stimuli 
(see Figure 2).

4. Results

This study compared the qualitative survey and 
quantitative gaze data analysis. For the gaze data, 
the group and individual data of the participants 
were verified through effective rate verification and 
statistical average comparison.

4.1. Survey on preferred spaces and areas of 
interest

A cross table of the questionnaire data selected around 
the preferred image and the AOI was calculated to verify 
the difference in the ratio of the preferred areas 
between the visual stimuli. A result of the chi-square 
test allows to determine the statistical significance of 
the difference between the visual stimuli and no signifi
cant difference was found in the questionnaire data 
concerning the visual stimuli in relation to the preferred 
space and the AOI. In terms of the differences in the 
ratios of the frequency of each preferred space and the 
AOI, it was found that the outside view had a significant 
influence on the preferences when considering the sti
muli centered on the preferred space and the AOI.

Figure 1. Visual stimuli and AOI: (a) Three visual stimuli; (b) Features of spaces in AOI settings; (c) Categorizing AOI (spaces) as 
interior, exterior, or outside view, according to AOI, and naming several areas in AOI (web information).

Figure 2. Experimental procedures: (a) a focus adjustment 
stage for extracting the participant’s gaze data, which took 
approximately 30 to 60 seconds as a response to the differ
ence in gaze correction for each participant; (b) Visual Stimulus 
1; (c) Visual Stimulus 2; (d) Visual Stimulus 3. The three stimuli 
were presented for 30 seconds, each with a three-second 
break time between stimuli.
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In the selection centered on the preferred space 
image, there was a similar response, with 13 prefer
ences (50.0%) for Visual Stimulus 1, and 12 (46.2%) for 
Visual Stimulus 3, in which the outside view was sur
veyed as having the highest number of preferences. 
Among the preferred areas, it was found that the floor 
received two responses (50.0%) in Visual Stimulus 1, 
one (25.0%) in Visual Stimulus 2, and one (25.0%) in 
Visual Stimulus 3, whereas the ceiling received one 
(100.0%) only in Visual Stimulus 1. As for the outside 
view, there were five responses (38.5%) for Visual 
Stimulus 1 and eight (61.5%) for Visual Stimulus 3 
(see Table 1).

In the verification of differences in the selection 
ratios of the visual stimuli according to the AOI, the 
results show a similar response for the AOI, with 12 
responses (46.2%) for Visual Stimulus 1, and 13 (50.0%) 
for Visual Stimulus 3. For the AOI, the highest ratio was 
found in the outside view, with four responses (43.8%) 
for Visual Stimulus 1, and nine (56.3%) for Visual 
Stimulus 3. For furniture, three responses (50%) were 
found for Visual Stimulus 1, and two (33.3%) for Visual 
Stimulus 3. When participants examined the visual 
stimuli for the AOI, the outside view had the greatest 
influence, followed by the furniture. Participants were 
least interested in the web information since there was 
no selection response to the web data in either Visual 
Stimulus 1 or Visual Stimulus 2, and there was only one 
selection response in Visual Stimulus 3 (see Table 2).

By simplifying the subdivided areas of the visual 
stimulus into three areas – outside view, interior, and 
web information – the response rates were compared 
in terms of the spaces, comprising the exterior land
scape (outside view); the interior space, including fur
niture or objects (interior); and the web information. 
The selection responses for the areas centered on the 
preferred images (see Figure 3a) and the selection 
responses concentrating on the AOI (see Figure 3b) 
are as follows. In terms of the response frequency, 
the highest response was to the preference for Visual 
Stimulus 3. As for the response for the AOI, interests in 
visual stimuli differed according to the three 

subdivided areas. Unlike the other visual stimuli, 
Visual Stimulus 3 showed the view of the beach from 
the indoor accommodation space through the external 
balcony, and for Visual Stimulus 3, there was a high 
response rate to the outside view in the questionnaire 
about preferences and AOI. In the response to the 
interior, there was a difference between the preference 
and the AOI in Visual Stimulus 1. In terms of preference, 
the ratio of selection was influenced by the external 
area. However, in terms of the AOI, the interest in the 
external area was significant only in Visual Stimulus 3 
in responses centered on selection; in other visual 
stimuli, the ratio of selection by the interior space 
was higher than that by the external area. Unlike 
those for Visual Stimulus 1 and Visual Stimulus 2, 
Visual Stimulus 3 provoked a higher response rate to 
the web information. The rental prices were $290, 
$114, and $175, in the order of visual stimulus, and it 
seems that the related web information was also 
checked since there was a strong interest in the spaces 
in Visual Stimulus 3. There was a low response rate in 
both questionnaires for preference and AOI in the web 
information area. This result implies that the outside 
view has a greater influence than the text in determin
ing people’s preferences for places.

The results for the first research question – whether 
the customer preference is reflected in AOI as visual 
attention, are shown below. After the experiment, par
ticipants consciously checked their AOIs and 

Table 1. Differences in the ratios of the selection responses centered on preferred space images.
AOI 
Visual Stimuli Floor Ceiling Outside View Furniture Web Information Total X2 p

1 2(50.0) 1(100.0) 5(38.5) 3(75.0) 2(50.0) 13(50.0) 8.763a 0.363
2 1(25.0) 0(0.0) 0(0.0) 0(0.0) 0(0.0) 1(3.8)
3 1(25.0) 0(0.0) 8(61.5) 1(25.0) 2(50.0) 12(46.2)
Total 4(100.0) 1(100.0) 13(100.0) 4(100.0) 4(100.0) 26(100.0) - -

Table 2. Differences in the ratios of the selection responses centered on the AOI.
AOI 
Visual Stimuli Floor Outside view Furniture Web information Total X2 p

1 2(66.7) 7(43.8) 3(50.0) 0(0.0) 12(46.2) 7.816a 0.452
2 0(0.0) 0(0.0) 1(16.7) 0(0.0) 1(3.8)
3 1(33.3) 9(56.3) 2(33.3) 1(100.0) 13(50.0)
Total 3(100.0) 16(100.0) 6(100.0) 1(100.0) 26(100.0) - -

Figure 3. Selection response for AOI in visual stimulus: (a) 
Response when viewing a visual stimulus centered on 
a preferred image, (b) Response when viewing a visual stimu
lus centered on the AOI.
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preferences for the experimental stimuli through 
a questionnaire survey. The participants showed high 
levels of interest in the outside view of Stimulus 3, in 
terms of the results verified by the ratio difference 
centered on the preferred space in the questionnaire, 
and the ratio of responses through image selection of 
the AOI. In Stimulus 2, in which the outside view could 
be seen through an opening in the indoor space, the 
participants’ interest in the outside view was the low
est. To establish whether the price of the spatial pro
ducts affected the decision-making, the responses 
were divided into the interior, the outside view, and 
the web information (price); the participants showed 
a high rate of interest in the outside view of Stimulus 3.

4.2. Collecting gaze data and extracting the 
validity rate

4.2.1. Validity of gaze data
After analyzing the validity of the gaze data, the valid
ity rates were 96% (standard deviation (SD) = 3.34) for 
Visual Stimulus 1, 90.38% (SD = 19.26) for Visual 
Stimulus 2, and 94.30% (SD = 7.42) for Visual 
Stimulus 3.

The gaze data of 26 participants were analyzed with 
a total validity rate of 93.6%, excluding the data indi
cating the error value. The SD value of Visual Stimulus 
2 was high, indicating that differences in gaze data for 
this stimulus were significant (see Table 3).

4.2.2. Means and standard deviation of the gaze 
data
Through the eye-tracking method, the values of gaze 
fixation, gaze saccade, and gaze blink were extracted 
from the raw data. The gaze fixation data includes all 
values and classified values, such as raw data, and the 
value obtained by the order of the gaze fixation 
extracted from 0.03 milliseconds is designated as the 
count. The number of fixations per count was recorded 
according to the degree of interest as revealed by the 

gaze fixation. Frequency is the value of the gaze fixa
tion time recorded, on average, for one second, and 
established by dividing the raw data by the count. In 
the eye-tracking data, the values of the mean and 
frequency for fixation and saccade did not differ sig
nificantly across the visual stimuli, but for the blink, the 
values of the mean and frequency are significantly 
different for Visual Stimulus 2. In addition, there was 
no difference between the overall means for the visual 
stimuli. In Visual Stimulus 3, which received strong 
preference in the survey, the averages for the fixation 
frequency and the number of counts were high (see 
Table 4).

4.3. AOI and the analysis of gaze data

4.3.1. Average of gaze data according to AOI
The length of participants’ visits was analyzed using 
the mean value and SD according to the AOI in the 
gaze data (see Table 5). The entry time average for 
Visual Stimulus 1 (beach view – exterior) was 0.58  
seconds, for Visual Stimulus 2 (space interior – 
exterior) it was 0.33 seconds, and for Visual 
Stimulus 3 (beach view – exterior) it was 0.18 sec
onds. The gaze was found to commence at the 
seaside landscape in each visual stimulus, whereas 
the web information areas were viewed later, with 
an average entry time for the web information of 
1.94 seconds in Visual Stimulus 1, 3.38 seconds for 
Visual Stimulus 2, and 4.58 seconds for Visual 
Stimulus 3. As found in the questionnaire for the 
preferred image, the SD was small, and the gaze 
commenced in the “beach view – exterior” area of 
Visual Stimulus 3. In terms of the average dwelling 
time, which showed the AOI where the participants’ 
eyes remained on average, priority was given to the 
web information in Visual Stimulus 1, to the space 
interior – exterior in Visual Stimulus 2, and to the 
beach view – exterior in Visual Stimulus 3.

4.3.2. Relative gaze changes in AOI according to 
time series
As time passed, the gaze toward the exterior area 
decreased and the gaze toward the web informa
tion increased in Visual Stimulus 1 and Visual 
Stimulus 2. Unlike for the other visual stimuli, the 

Table 3. Participant eye-tracking ratio.
Visual Stimuli Min Max M(%) SD

1 86.9 100 96.00 3.34
2 9.4 99.9 90.38 19.26
3 61.2 100 94.30 7.42

Table 4. Average count and frequency of eye-tracking data.
Classification 
(n = 26) Visual Stimuli M SD Count Frequency(s)

1 764.31 47.28 69.27 11.56Fixation
2 727.65 166.69 61.85 12.13
3 782.65 166.26 69.58 11.91
1 94.35 28.12 63.81 1.48Saccade
2 81.19 29.07 55.73 1.46
3 90.12 21.93 62.77 1.46
1 31.81 27.72 6.46 4.46Blink
2 81.58 174.85 7.23 36.09
3 51.69 68.81 7.62 4.91

JOURNAL OF ASIAN ARCHITECTURE AND BUILDING ENGINEERING 521



gaze did not show a significant decrease or increase 
in response to either the space or web information 
areas in Visual Stimulus 3. During the first period (0 
to 10 s), all three visual stimuli showed a strong 
gaze ratio in areas that included an external land
scape. In the case of Visual Stimulus 3, which 
received significant preference, the area including 
the beach, viewed through the exterior balcony 
from the indoor space, showed a large ratio, even 
in the latter period (20–30 s). During the initial 
period (20–30 s), participants’ gazes were increased 
towards the web information in Visual Stimulus 1, 
and to the web information and the space, includ
ing the external landscapes, in Visual Stimulus 2 
(see Figure 4).

4.4. AOI and response times for concentration

4.4.1. Extracting the average times for initial and 
maximum concentration
The time spent on attention was extracted according 
to the ratio of the gaze, implying the decision-making 
concerning preference and interest. The time, starting 
at 5% of the upper index value, when the highest 
fixation value occurred after each subject had started 
the experiment, was defined as the initial concentra
tion time; further, the index value, comprising the 
highest number of fixation values, was defined as the 
maximum concentration level for the focused atten
tion. To derive participants’ courses of concentration 
over time, the processes of initial and maximum 

concentration were analyzed to establish how, when, 
and in what area consumers viewed the spatial pro
ducts during the purchasing process according to their 
interests and preferences in the unconscious process 
of imbibing product information. In terms of initial 
concentration, attention began earliest in Visual 
Stimulus 2 (4.21 s), followed by Visual Stimulus 3 
(6.16 s), and then Visual Stimulus 1 (7.37 s). The max
imum concentration time was found in response to 
Visual Stimulus 1 (13.96 s), followed by Visual 
Stimulus 2 (15.52 s), and Visual Stimulus 3 (16.28 s). 
At the initial concentration time, the gaze movement 
was seen in the spatial areas; however, gaze move
ment in the web information area was witnessed dur
ing the period of maximum concentration (see 
Figure 5a). It was not possible to evaluate whether an 
image was preferred or an AOI by whether the average 
time of concentration was fast or slow. For example, 
during the average time of initial concentration (5.91 
s), the participants focused on the exterior view of each 
visual stimulus. During the average time of strong 
concentration (15.25 s), the participants watched the 
external stimuli in Visual Stimulus 2 and Visual 
Stimulus 3, but they viewed the web information in 
Stimulus 1 (see Figure 4). As shown in Figure 5b, the 
average time of concentration and each participant’s 
concentration level differed according to the contents 
of the AOI comprising the visual stimulus. This result 
suggests that when the concentration time is 
extracted, there is a need to identify what the partici
pants see in the AOI, as their interests influence their 

Table 5. Average of gaze data over time according to AOI.
Stimuli 1 2 3

AOI WI SI BE WI SI SI-E WI SI-E BE

Entry Time Average 1.94 0.68 0.53 3.38 1.73 0.33 4.58 0.92 0.18
Entry Time STD 2.06 0.78 0.58 5.33 3.08 0.68 5.39 1.13 0.14
Dwell Time Average 11.36 6.13 9.10 8.20 5.46 11.65 6.82 8.58 11.06
Dwell Time STD 6.02 3.93 5.48 6.78 2.84 6.76 5.38 3.99 5.62
Fixation Time Average 10.61 5.70 8.33 7.67 5.10 10.71 6.43 7.92 10.16
Average Fixation Duration Average 0.45 0.33 0.30 0.36 0.36 0.36 0.36 0.32 0.34

Note: AOI: web information (WI), space interior (SI), space interior—exterior (SI—E), beach view—exterior (BE).

Figure 4. Relative ratio of gaze data in the AOI over time: (a) Changes in AOI in Visual Stimulus 1, (b) Changes in AOI in Visual 
Stimulus 2, (c) Changes in AOI in Visual Stimulus 3.
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decisions. In addition, it is necessary to compare the 
average concentration and the characteristics of deci
sions based on personal data with the areas of interest 
consciously selected in the questionnaire.

As a result, although selections for the outside view 
and Stimulus 3 were derived from the survey, the 
results should be considered in terms of the levels of 
concentration observed through the contrast between 
gaze data and time in the experiments. Through the 
distribution of the concentration reaction times, it is 
possible to extract and analyze processes scientifically, 
such as the time taken for the customers’ purchasing 
decisions and where they paid attention to the deci
sion. In the gaze data, the fixation value for the outside 
view was high, and Stimulus 1 received strong atten
tion during the initial period of concentration, but 
Stimulus 3 showed the highest level of preference at 
the point of maximum concentration. Through the 
time series analysis of the eye-tracking data, it was 
found that changes in information elements (the inter
ior, outside view, and web information) in spatial visua
lization affect decision-making for product 
preferences. In addition, it was possible to analyze 
what factors changed the decision-making during the 
process.

4.4.2. Locations of the AOI according to the 
concentration time
For the visual stimulus, the average initial concentra
tion time was 5.91 seconds, and the maximum concen
tration time was 15.25 seconds. In the overall average, 
it was confirmed that the gaze shifted gradually from 
its initial concentration on spatial areas to the entire 
area. For each participant’s characteristics, the visual 
data were analyzed to record an individual initial con
centration response time (see Figure 6a) and 
a maximum concentration response time (see 
Figure 6b). Through this, it was possible to classify 
the groups according to the characteristics of the 
visual reactions and to analyze the characteristics of 
the visual movements as detailed evaluation values. 
For the initial concentration on visual stimuli, on aver
age, the fastest participant (Participant #20, 0.63 s) and 
the slowest participant (Participant #2, 13.27 s) were 
classified and their AOI were extracted. The slowest 
participant (Participant #2, 23.74 s) and the fastest 
participant (Participant #3, 6.17 s) were also distin
guished in terms of maximum concentration. 
Participant #2 was rated as the slowest participant in 
terms of both initial and maximum concentration. 
Accordingly, the gaze positions of the AOI were 

Figure 5. AOI according to the concentration time: (a) Average concentration time for all participants (n = 26), (b) Distribution of 
initial and maximum concentration response times for AOI in visual stimulus.
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extracted according to the concentration time of these 
three participants (see Figure 6c).

It was evident from three participants that the 
gaze movement was average for the web informa
tion area in Visual Stimulus 1, but in Visual Stimulus 
2 and Visual Stimulus 3, the gaze movement was 
significant in response to the external beach views 
or space views, and insignificant for the web infor
mation. Participant #2 had the slowest concentra
tion response time and Participant #2’s gaze 
distribution in the AOI implied that the space for 
viewing the area had been divided according to 
each visual stimulus. The characteristic of the parti
cipant’s gaze, as initially concentrated, was that it 
was distributed evenly around the spaces (see 
Figure 6c).

Neuromarketing is more effective in understanding 
the psychological characteristics of the purchase deci
sion process for an individual or group products than 
the information on the average consumer’s product 
purchase decision process. For the third research ques
tion, it was analyzed whether there was a time differ
ence in concentration depending on the type of 
individual preference. As a result of analyzing the 
data of three participants who showed a difference in 

preference in the overall average data, it was possible 
to distinguish the characteristics of spatial preference 
and concentration even by looking at the data of gaze 
movement. Participants whose initial and maximum 
concentrations were slower than those of the data 
averages showed lower concentration for the stimulus 
information elements (space – interior, beach view – 
exterior, and web information) and a higher preference 
for Stimulus 1. As a result, the process of interest 
informing the customer preferences was able to be 
derived from the gaze data. Following the time 
sequence, it was possible to identify the time of con
centration in the process of interest.

5. Discussion and conclusion

This study aims to identify the user’s preference and 
decision-making process through 3D real space in the 
field where image of space is commercialized through 
the web information (vacation rental, house sharing, 
hotel, etc.) according to users’ gaze behavior. In this 
study, the participants’ responses were analyzed by 
differentiating the attention derived from consumer 
characteristics, such as individual customer expecta
tions, goals, and emotions. This was achieved by 

Figure 6. AOI and the concentration time: (a) Individual participants’ initial concentration on visual stimuli, (b) Individual 
participants’ maximum concentration on visual stimuli, (c) Location of the AOI according to the characteristics of the average 
response times.
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inferring the manner of visual attention; for example, 
when considering the visual stimulus for preference, 
visual attention was given to the detailed elements of 
the space and the text of the web information – as the 
contextual factors of the web image – and strong 
responses were found in all AOI of the preferred 
image. However, when the viewed images centered 
on the AOI in the visual stimulus, the response to the 
interior spaces differed from the response to the pre
ference. Differences in the AOI elements were identi
fied in verifying the selection response ratio difference, 
centering on the preferred space image and the ana
lysis of the AOI. In response to the AOI, it was found 
that the most critical factors were observed centering 
on the area. The main contextual factors in the visual 
stimulus were identified as the outside view and the 
furniture in the interior space.

The investigation of conscious selection through the 
questionnaire was limited in grasping the critical factors 
in actual consumer decision-making. This was con
firmed in the gaze data of visual stimulus through the 
analysis of preferences and interests that play an impor
tant role in consumer decision-making in response to 
unconsciously processed information (Fisher, Chin, and 
Klitzman 2010). As for the gaze movement on the pre
ferred image, it was identified that the fixation ratio for 
web information was low during the introduction per
iod, and the interest in the spaces of the main image 
was intense. The visual mechanism for the preferred 
stimulus could be described as the effect of selection 
and automatic suppression through attention at 
a specific location. It was verified that the attention of 
the gaze movement can be extrapolated by measuring 
the duration of the subject’s interest. The time distribu
tion of the concentration response was identified for 
each participant. In the initial concentration, there was 
no significant difference between Visual Stimulus 1 and 
Visual Stimulus 3, but in the maximum concentration, 
the attention commenced with Visual Stimulus 1 and 
progressed to Visual Stimulus 3 in the second half. This 
suggests that duration of the gaze concentration in 
Visual Stimulus 3 continued until the end of the experi
ment. Based on the individual’s visual – spatial attention, 
there were participants who exhibited concentration 
and selection interest at the beginning, and one parti
cipant who displayed a significant difference between 
the initial and the maximum concentration times. It was 
inferred that the stimulus factor and the personal factor, 
as indicated by the preferences of individuals, were 
combined to result in the time spent concentrating on 
a certain stimulus.

The significance of this study is that it contributes to 
the adoption of neuroscience in marketing for spatial 
products on online platforms by exploring how consu
mers’ minds can be monitored, as emphasized in neu
romarketing. As researchers have argued, consumer 

responses to specific products, which influence deci
sion-making, are generated by processing that is more 
than 90% unconscious; thus, the role of neuroscience 
has been increased in visual marketing, leading to the 
development of neuromarketing. The user’s preference 
process was extracted through a neuroscientific method 
and analyzed as a process of their visual attention in 
terms of visual marketing for space. However, it is not 
entirely clear that the user’s gaze data reveal their inter
est in the area, because people sometimes gaze to attain 
a clear vision on it. This research could be elaborated in 
terms of the analysis method of eye-tracking experi
ment data.

The space created from the designer’s point of view 
should be fully understood and conveyed to consu
mers in terms of the given sense of place and connec
tion characteristics. In particular, by presenting digital 
technology-combined VR or synesthesia characteristics 
to digital consumers, even if they do not visit the space 
themselves, the experience elements should be 
applied to the user’s perception. In this era where 
real and digital spaces are mixed, designers need to 
specifically understand the visual context experienced 
by individuals through the eyes of consumers regard
ing various factors related to space.

In the future study, data analysis and extraction 
such as revisit sequences and pupil diameter can be 
expanded to a technique that can define the user’s 
behavior and interpret the characteristics of cognition 
in detail. It would be helpful to supplement the char
acteristics of each group according to the distinction of 
the personal factors.
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