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Abstract: In this paper, we verified the applicability of immersive VR technology to street-level resi-
dential landscape evaluation. We used GSV images taken from pedestrian paths in residential areas of
Seoul and selected evaluation images through random sampling. Then, we conducted web-based and
VR-based residential streetscape evaluation experiments with those landscape images. The VR-based
streetscape evaluation results differed significantly from the web-based streetscape evaluation results.
Our multi-level ordered logistic analysis confirmed that the VR-based streetscape evaluation method
had better explanatory power than the web-based streetscape evaluation method. In the immersive
VR-based streetscape evaluation index, the naturalness, beauty, and safety indicators had particularly
high explanatory power. This study concluded that the VR-based streetscape evaluation method over
the web-based method is more suitable for evaluating street scenes experienced in daily life. In addition,
the innovative methodological approaches, including big data, virtual reality, and visual experiences,
will also provide new insights for the planning and management of sustainable landscapes.

Keywords: immersive virtual reality; residential streetscape; streetscape evaluation; multilevel
ordered logit model

1. Introduction

Visual stimuli are impulses or incentives intended to increase the viewer’s partic-
ipation, activity, interest, etc., in or with a given object or event and improve an area’s
perceptual and cognitive properties from an aesthetic point of view [1,2]. Humans generally
receive information from the external environment through the five senses (sight, hearing,
touch, smell, and taste), with an emphasis on visual perception [3,4]. Urban landscapes
are full of visual stimuli, and visual perceptions of urban landscapes are closely associated
with individuals’ subjective satisfaction and preferences.

Urban street spaces are also meaningful because they are places where people meet
and economic activities occur. Moreover, they are public spaces accessible to anyone, irre-
spective of income, class, or race [5–8]. In cities, much of daily life occurs in street spaces,
where people perceive and experience information provided by the urban environment.
Therefore, street spaces directly or indirectly affect the lives of all city dwellers. Measuring
and evaluating at the streetscape level is thus important because the visual experience of a
street space can affect residents’ quality of life and a city’s overall image. Landscape evalu-
ation is a powerful tool used in various academic fields to research urban environments [9].
Technological development during the past few decades has enabled ever more objective
and sophisticated evaluation methodologies.

Traditionally, urban landscape evaluators have surveyed individual preferences or
satisfaction levels by printing photos on paper and distributing them to their chosen
study population [10–12]. However, such paper-based evaluations are inefficient in both
time and cost. Furthermore, they limit people’s perceptions because the printed area
and evaluation images are small. In actual streetscapes, people recognize space three-
dimensionally and immediately interact with the external environment, whereas the images
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in paper evaluations are flat, lack many empirical elements, and cannot support immediate
interactions. Therefore, such studies with paper-based evaluations lack the ability to acquire
the deep and rich perception data that are needed to understand people’s perceptions of
urban street space.

In recent years, virtual-reality (VR) technology has been an exciting topic in the field
of visual perception because it might be able to solve at least some of the problems with
paper-based assessments. Now, public interest and accessibility have expanded with the
development and distribution of low-cost VR devices such as the HTC Vive and the Oculus
Rift [13]. Of course, such VR technology is not limited to realistic simulations of the real
world, but its use in various fields is expanding its capacity for user immersion. Therefore,
interest in applying VR to urban landscape evaluations is expanding, but discussions about
the effectiveness of VR have been insufficient. Therefore, in this study, we applied VR as a
landscape evaluation method to examine its potential as a tool for urban landscape research.
To that end, we compared the web-based evaluation method preferred by researchers with
a new VR-based evaluation method and confirmed its validity.

2. Literature Review
2.1. Meaning of Landscape Evaluation and Evaluation Factors

Evaluating the human psychology of landscapes is an important topic for researchers,
particularly the psychological responses that trigger people’s perceptions of landscapes.
Those psychological responses appear through a complex process that generally involves
an individual’s past experiences and memories evoked by multiple stimuli [14].

Thus, a relationship of mutual influence exists between the attributes of a landscape
and the person who perceives it, and it is that relationship that creates the quality of the
landscape for that person [15]. The evaluation of landscape quality uses two disparate
approaches depending on the goal: an expert and design approach and a public perception
approach [16–18]. Understanding the relationship between a city’s image and public
perception is important both academically and politically because the public’s perception
of landscape issues is affected by subjective individual judgments and feelings at the
subconscious level [19].

Landscape evaluation uses classified landscape elements. In general, landscape el-
ements include the values of the observer, past experiences, sociocultural factors, and
physical components such as topography, vegetation, nature, and artifacts [20]. The inclu-
sion of tangible and intangible landscape elements in the evaluation criteria reflects the
understanding that landscapes, as perceived by humans, are a complex system involving
not simply physical elements but also psychological responses. Therefore, urban landscape
evaluations are an essential way to comprehensively understand the relationship between
an urban environment and people, including the complex mechanisms that drive it.

In general, because landscape evaluations rely on an individual’s subjective assess-
ment, their results are direct and reliable, though the reverse can also be true. Therefore,
ensuring the reliability of evaluation results requires the researcher to pay attention to the
objectification of the landscape elements to be evaluated, establish reliable evaluation items,
and use the average value for each item in a questionnaire for analysis [15,21].

In most cases, landscape evaluations ask individuals to subjectively evaluate specific
landscape elements or an overall landscape image using a 5- or 7-point Likert scale [22,23].
Thus, establishing suitable evaluation items is essential because the entire landscape itself
is too large and complex to quantify with a Likert scale.

Previous landscape evaluation studies divided their evaluation items into those fo-
cused on physical landscape elements and those focused on the subjective feelings of the
people looking at the landscape. In terms of the characteristics of a landscape image, the
perceived landscape is directly related to openness and complexity [24–26], and in general,
people prefer a comprehensive and open view [27]. The rich and subtle information pro-
vided by residential buildings, convenience facilities, vegetation, street trees, water, and the
sky (openness), which are the main elements that shape the landscape of a residential area,
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can negatively affect landscape satisfaction [28]. Nonetheless, a diversity of elements and
richness and complexity, defined by abundance, are positive factors in visual landscape
preference [29,30]. The quantity and quality of outdoor space significantly influence human
lives. Specifically, people who report high satisfaction with their use of outdoor space also
report high satisfaction with living in their neighborhood [31].

In addition to the landscape evaluation items that focus on objective images, other
items focus on the subjective thoughts or feelings of the people viewing the landscape. For
example, landscape adjectives allow researchers to reflect the characteristics and meanings
of various landscape elements in an evaluation by breaking away from a simple assessment
of good/bad or satisfaction/dissatisfaction [32]. Adjectives are frequently used to measure
an individual’s opinion, mainly through the use of semantic differential scales that ask
people to express their opinions on a scale with adjectives at the two extremes [33].

People generally perceive characteristics as dichotomous, such as darkness and light,
life and death [34,35]. Evaluation factors to assess public perceptions therefore tend
toward dichotomies: beautiful/ugly, natural/artificial, attractive/hateful, quiet/noisy,
monotonous/complex, and clean/dirty [36–40]. Such pairs of adjectives help researchers
measure how the public perceives the urban landscape in daily life and provide essential
clues to understanding the interactions between people and urban landscapes.

2.2. Possibilities and Limitations of Web-Based Landscape Evaluations

Most social-science research depends on surveys in which researchers standardize
the content they want to investigate using questionnaire factors that allow them to obtain
objectively comparable quantitative data. Traditional surveys were conducted in a face-to-
face format using paper, so response results were limited by cost and time constraints [41,42].

Web-based surveys can bypass many of the limitations of traditional paper-based
surveys, overcoming data collection limitations [43], reducing costs [44,45], and shortening
the time required for data collection [43,45–47]. The web survey method can guarantee the
participation of any specified number of people through a website, so it is advantageous
for securing various answers [48]. In addition, because it is a non-face-to-face method, it
might induce honest responses from survey participants [46,47]. Furthermore, web surveys
are faster and cheaper than paper surveys because data collection and analysis can be
automated [49,50].

However, compared with the face-to-face survey method, such as a telephone survey
or interview survey, people responding to web-based surveys are more likely to respond
out of the context of the question because the respondent might have little understanding of
the question and cannot ask the researcher for clarification. In addition, when the questions
are complex, web-based survey respondents are more likely than face-to-face respondents
to give insincere responses or no response, limiting the value of the collected data and
making interpretation of the results difficult.

Overcoming those limitations requires researchers to: (1) distribute the questionnaires
in a way that guarantees a high response at the survey stage; (2) compare the characteristics
of responders and non-responders; (3) compare late responders and early responders;
(4) conduct random sampling among some of the non-responsive people; and (5) use follow-
up measures such as telephone or personal interviews [51]. Additionally, personalized
email invitations, follow-up notifications, and proactive notifications of survey intent are
all tools for overcoming the limitations of traditional web-based surveys [52,53].

Incentives, institutional support, and public participation can also be used to improve
the problem of declining response rates [54]. Nonetheless, web-based surveys as an
alternative to face-to-face surveys still have limitations. In particular, because current
web-based surveys attempt to give a sense of space and time on a screen, they cannot
adequately replicate the three-dimensional landscape.
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2.3. Applicability of Virtual Reality Technology

Many researchers prefer web-based survey methods because of their time, cost, and
ease of use. However, the issue of unreliability in the survey results is constantly being
raised. Therefore, researchers are now considering the landscape planning and manage-
ment possibilities of VR technology. VR technology combines online and image processing
technology development to produce advanced immersive experiences. The spread of
inexpensive head-mounted displays (HMDs) has made it possible for the public to use
multiple VR applications such as games, education, tourism, and training [55]. In the urban
landscape field, immersive VR could improve the academic understanding of human visual
perception and landscape perception.

Current methods used for evaluation and satisfaction studies cannot easily reflect the
experience factor of landscapes, which limits their ability to reflect its influence in their
results [56–59]. However, immersive VR provides a visual experience by building a realistic
environment, making it beneficial for studying people’s visual perception and cognition
mechanisms about urban environments [60,61]. Landscape assessments, both traditional
face-to-face and web-based surveys, ask people to evaluate images. However, immersive
VR technology creates a realistic, three-dimensional spatial environment, making it pos-
sible to investigate and analyze how people visually perceive a real urban environment.
Therefore, we applied and tested the effectiveness of VR technology for urban landscape
evaluation in this study.

2.4. Research Gaps and Research Directions

Because landscape evaluation relies on individual subjective judgments, it is essential
to secure the reliability of the survey participants. Therefore, it is necessary to establish
detailed standards for the experimental methods used in a landscape evaluation. For this
purpose, we created the following research questions.

First, as a tool for evaluating urban landscapes, do VR-based landscape assessments
have higher model explanatory power than web-based landscape assessments? Second,
does the VR-based streetscape evaluation model better explain the landscape perception
of the residential area, which is the stage of daily life? Third, based on the results of the
evaluation model, can the VR-based streetscape evaluation method be a better alternative
to paper- and web-based landscape evaluation methods?

To overcome the limitations of existing landscape evaluation studies, we applied the
following landscape evaluation methodologies. First, by setting most of the experimental
conditions the same except for the evaluation methodology, this study tried to limit external
effects and perform rigorous statistical verification. To this end, we used the Google Street
View (GSV) API service to download Seoul’s landscape images. These big-data GSV images
can minimize the problem of subjective selection that was pointed out as a limitation of
existing landscape evaluation methods.

Second, we randomly sampled the street images obtained from the Google API
through the Python programming language and provided images to participants. The
random sampling method solved the researcher intervention problem in existing landscape
evaluation studies.

Third, the landscape evaluation applicants performed a landscape evaluation in an im-
mersive VR environments to overcome the limitations of flat image evaluations. Immersive
VR environment can provide a realistic, three-dimensional experience, which we expect to
produce a more objective and practical landscape evaluation.

3. Data and Methods
3.1. Data Source and Research Procedure

In this study, we examine whether a VR-based landscape perception survey of urban
residential landscape images produces better results than a web-based perception survey
of the same images. Most of the urban landscapes that people experience in their daily
lives occur in residential, commercial, or workplace areas from a pedestrian’s viewpoint.
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In addition, the urban landscape closely relates to various human activities, including
social and physical activities [62]. Therefore, GSV is a valuable data source for evaluating
perceptions of the urban landscape at eye level.

GSV images use a vehicle-mounted camera to capture surrounding areas while driv-
ing. In other words, because the vehicle is moving while shooting, the landscape differs
depending on the shooting interval. To capture various aspects of the urban residential
landscape in this study, we collected 360◦ panoramic GSV images at 20-meter intervals
along the Seoul Road Network map. Table 1 shows the distribution of GSV image data
downloaded using the Google API. We downloaded 468,309 GSV images from the city
of Seoul that were taken between October 2009 and March 2021. Most of the captured
images (81.7%) were taken between March and May. It is necessary to consider the weather
conditions because the images are affected by the light, which varies depending on the
weather. Most of the GSV images we used had sufficient illumination, so the difference in
the GSV images according to the weather conditions is not significant.

Table 1. Distribution of Google Steet View images by month.

Jan. Feb. Mar. April May June July Aug. Sep. Oct. Nov. Dec.
No. of GSV

images
6612 3786 75,027 210,029 97,467 2425 5553 6313 11,680 16,057 21,225 12,135

Percent (%) 1.41 0.81 16.02 44.85 20.81 0.52 1.19 1.35 2.49 3.43 4.53 2.59

In this study, the analysis target is a street in a residential area where daily landscape
experiences occur. Therefore, we did not consider automobile-only roads such as highways
and tunnels and excluded GSV samples in commercial and business districts. After we
performed data cleaning using those conditions, we considered only 318,493 GSV images.

Figure 1 shows the experimental procedure for our urban landscape evaluation. Partic-
ipants were recruited through the Social Network Messenger Service for graduate students
in the Department of Urban Planning at Hanyang University in Seoul, Korea. We notified
participants about the content and procedures of the experiment and precautions about
their health status and the survey questionnaires. We then selected 30 people (13 males,
17 females) with corrected visual acuity of 1.0 or higher and sent them each an experimental
web address to access the urban landscape evaluation. The assessments of five people
who complained of dizziness after the VR-based landscape evaluation were excluded from
the analysis. Therefore, we analyzed the results from 25 people, each of whom evaluated
15 GSV images.
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Figure 1. Research process.

First, the web-based urban residential landscape evaluation was conducted from
August 23 to 25, 2021. Using mouse manipulation to rotate left, right, up, and down, each
participant was asked to evaluate 15 GSV 360◦ panoramic images. The ID and evaluation
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results of the randomly selected GSV 360◦ panoramic images were recorded automatically.
Figure 2 shows the 375 randomly selected GSV image locations for this experimental study.
Thirty people participated in the web-based landscape evaluation.
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Figure 2. The 375 randomly selected GSV image locations in residential areas in Seoul.

Next, each participant evaluated the same GSV images in a VR environment. Using
the unique ID information for the GSV images from the web-based landscape assessment,
we requested GSV images with the maximum resolution provided by the Google API
(13,312 × 6,656 pixels) for the VR evaluation, which was held from August 31 to September
3, 2021. Selected GSV 360◦ panoramic images are projected on the VR HMD. Images used
in existing web-based assessments are displayed on flat monitors, which are somewhat
removed from the space perceived by real people. Specifically, the area we perceive includes
perspective, three-dimensionality, and depth of space, and limited flat-panel monitors are
not enough to recognize these spatial properties. However, participants wearing HMDs
projected with 360◦ panoramic images will have a visual experience similar to what we
experience. This complements the limitations of web-based landscape assessment methods
and enables landscape assessment through a more realistic experience.

We asked participants not to drink alcohol or engage in excessive physical activity the
day before the experiment. Before the full-scale VR landscape evaluation, we explained the
experimental procedure and evaluation content to each participant. Then we provided a
VR HMD. In the VR environment, each participant experienced the same landscape images
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they saw in the web-based evaluation, and we asked them the same questions as before
and coded their responses.

3.2. Web-Based Urban Landscape Evaluation

For the web-based urban landscape evaluation of a residential area, the unique ID of
each GSV image was collected based on the coordinates and algorithmically displayed on
the web screen at random in the HTML address. In this study, we measured each partici-
pant’s subjective opinions about the urban landscape, which varied with their inclinations
and might have negatively affected the objectivity of the results. Therefore, we had to
collect address, age, and gender information to identify participants directly or indirectly.
For that reason, we followed the Institutional Review Board (IRB) approval procedure.

Figure 3 shows an example of the web-based streetscape evaluation sequence. First,
we acquired IRB approval and complied with the IRB requirements when participants
accessed the provided web address. Only those participants who agreed to participate
in the study were allowed to proceed to the next step. On the next page, the participants
could confirm that the collected data would not be used for any purpose other than
research. After participants agreed to the experimental terms, they were asked to input
their personal information and then moved to the following web page, where the full-scale
landscape evaluation began. Participants were able to freely observe the scenery by using
the computer mouse to look left, right, up, and down. After sufficiently examining the
streetscape of the residential area, the participants evaluated the image.
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Figure 3. Example of the web-based urban streetscape evaluation.

To ensure the validity of our study results, each participant evaluated 15 different,
randomly sampled GSV images and made ten detailed evaluations and one comprehensive
evaluation (11 total assessments) of each of those 15 images.

3.3. Immersive Virtual Reality–based Residential Streetscape Evaluation

Because we wanted to identify how the evaluation method created different judg-
ments about the same landscape, participants evaluated the same GSV images in the VR
environment that they considered in the web-based evaluation.

The participants evaluated high-resolution GSV panoramic images using the VR HMD.
To minimize the effect of the order of the images on the evaluation results, the 15 evaluation
images were presented in random order. The VR HMD worn by the participants was a
VIVE-PRO released by HTC. The device provides high-resolution equivalent to 4K, with
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a resolution of 1,440 × 1,600 pixels (integrated 2,880 × 1,600), a refresh rate of 90Hz, and
a viewing angle of 120◦. Because noise or sound can affect a landscape evaluation even
if differences in image quality from the shooting time and weather are insignificant [63],
we conducted the VR experiment in a designated space to minimize the effect of sound.
As participants experienced and evaluated the GSV images projected on the VR HMD, we
monitored them in real time. The questions in the VR assessment were the same as those in
the web-based survey (Figure 4).
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3.4. Experiment Participants

This study was conducted with the approval of the Ethics Committee at Hanyang Uni-
versity, and each participant proceeded with the landscape evaluation only after agreeing
to the relevant terms. Because visual ability could influence the participants’ assessments,
only participants with corrected visual acuity of 1.0 or higher and no partial or complete
color blindness were recruited.

The body condition of the participants on the day of the VR-based landscape evalua-
tion was also important because dizziness can occur when using VR devices, which might
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have affected the evaluation results. Therefore, we asked the participants about their body
condition just before the VR-based landscape evaluation, and all participants affirmed
that they felt fine. After the VR-based landscape evaluation, we asked participants if they
felt dizzy, and five of them said that they did. Therefore, we discarded their results and
evaluated only the responses of the remaining 25 participants. Table 2 shows the gender
and age of those 25 participants.

Table 2. The characteristics of participants.

Classification No. of Obs. Percent (%)
Woman 12 48.0

Gender Man 13 52.0
20–29 years 15 60.0

Age 30–39 years 9 36.0
40+ years 1 4.0

Total 25 100.0

3.5. Evaluation Method

We collected participants’ landscape evaluation results using a questionnaire that
contained an emotional assessment of the individuals and asked for their subjective percep-
tions of the overall landscape. They used an emotion rating scale to express their overall
sentiment toward each residential landscape [64].

We used 11 landscape evaluation items, 10 detailed evaluation items (comfort, friend-
liness, harmony, naturalness, beauty, regularity, personality, cleanliness, artificiality, and
safety), and an overall sentiment. All evaluation items used the following scale: (1) Strongly
Disagree, (2) Somewhat Disagree, (3) Neutral, (4) Somewhat Agree, and (5) Strongly Agree.
In the evaluation result record, higher evaluation scores indicate more positive emotion,
and lower evaluation scores indicate more negative emotion. When creating a landscape
preference prediction model, individual preferences are sometimes applied individually,
but in general, the average values of several people are used [15,18]. Therefore, those
who participated in our landscape evaluation answered the questions on a 5-point Lik-
ert scale, which is assumed to aggregate the assessment of an individual’s emotions and
perceptions [65].

In this study, we statistically examined differences in how each participant evaluated
the same landscape image using conventional statistical analysis and t-testing to verify
the web-based and VR-based landscape evaluation methods and substantiate the mean
homogeneity of each GSV image. After verifying the mean homogeneity, we performed a
regression analysis of the relationship between the detailed evaluation items and overall
landscape evaluation results because each evaluation item affects the overall satisfaction.
Because the assessments were made on a 5-point Likert scale, an ordered logistic regression
analysis is applicable. However, evaluating the 15 randomly selected images for each
individual could bias the results depending on each individual’s characteristics. Therefore,
we used multi-level, ordered logistic regression models. All independents are free from the
multicollinearity issue with less than 10 variances in the inflation factor (VIF).

4. Analysis
4.1. Descriptive Analysis

In this study, we asked, “Do participants evaluate landscape satisfaction in residential
areas differently in a web-based evaluation and a VR-based evaluation?” To obtain the
answer, we derived Table 3 through a descriptive statistical analysis and independent
sample t-testing. We found that the VR-based streetscape satisfaction evaluation result
(average 2.55) was higher than the web-based result (average 2.48) except for comfort
and cleanliness. Specifically, the residential area’s overall comfort evaluation value was
2.33 in the web-based survey, which was higher than the VR value of 2.31, and the cleanli-
ness of the residential streetscape was 2.72 in the web-based survey and 2.57 in the VR-based
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survey. Alternatively, the VR-based streetscape evaluation values for friendliness, harmony,
naturalness, beauty, regularity, personality, artificiality, safety, and overall satisfaction were
2.84, 2.57, 2.09, 2.17, 2.73, 2.22, 3.32, 2.57, and 2.64, respectively, which were all higher than
the respective web-based results. In addition, the independent sample t-test results for
the means comparison found statistically significant differences for harmony (−2.3023),
naturalness (−2.1239), cleanliness (2.4816), artificiality (−3.4194), safety (−1.7887), and
overall satisfaction (−2.0053).

Table 3. t-tests of streetscape satisfaction differences between the web-based and VR-based surveys.

Mean
Variable Web-Based VR-Based

Differences
(VR-Based–Web-Based)

t-Value

Comfort 2.33 2.31 −0.02 0.379
Friendliness 2.82 2.84 0.02 −0.323

Harmony 2.43 2.57 0.14 −2.302 **
Naturalness 1.98 2.09 0.11 −2.124 **

Beauty 2.09 2.17 0.08 −1.436
Regularity 2.66 2.73 0.07 −1.096
Personality 2.14 2.22 0.08 −1.252
Cleanliness 2.72 2.57 −0.15 2.482 **
Artificiality 3.13 3.32 0.19 −3.419 ***

Safety 2.47 2.57 0.10 −1.789 *
Overall

satisfaction 2.53 2.64 0.11 −2.005 **

*** p < 0.01, ** p < 0.05, * p < 0.1.

A noteworthy part of the study results is the evaluation items naturalness, cleanliness,
artificiality, safety, and overall satisfaction, which are generally deemed the most important
in a living environment. For all those evaluation items, the VR-based landscape evaluation
result was higher than the web-based result. We interpret those results to indicate that
the VR-based landscape evaluation positively affected the overall results for residential
areas. Because the VR environment gives participants a realistic, three-dimensional sense of
immersion, it can produce more realistic assessments of a landscape by the public (Table 3).

4.2. Multi-Level Ordered Logistic Regression Analysis

We tested for homogeneity to find the differences between the mean values of the
groups. However, the detailed evaluation items might have affected the overall satisfaction
with the streetscapes in the residential areas. Therefore, we examined the relationships
between the individual landscape evaluation items and the overall landscape satisfaction
evaluation results. In addition, because the participants wore the HMD device directly
on their bodies, cognitive differences dependent on the visual characteristics of each user
might also have affected the results. Therefore, we needed to use a statistical methodology
to control for differences in visual perception according to individual landscape image
recognition. To that end, we conducted a multi-level analysis, and because the survey
participants used a 1 to 5 rating scale, we performed an ordered logistic regression analysis.

First, the intra-class correlation (ICC) value, which gives the explanatory power for
each level, was 0.164 in the web-based questionnaire and 0.000 in the VR-based evaluation
questionnaire. Thus, in the web-based evaluation model, the explanatory power of personal
characteristics was 16.4%, and the VR-based evaluation model did not reflect personal
optical perception characteristics.

Next, we checked the Akaike Information Criterion (AIC) and Bayes Information
Criterion (BIC) values to compare the overall suitability of the landscape evaluation mod-
els. The AIC and BIC values of the web-based evaluation survey were 622.2 and 689.0,
respectively, higher than the AIC and BIC values of the VR-based evaluation survey (522.3
and 585.1), indicating that the VR-based landscape evaluation model was superior to the
web-based model.
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Then, we analyzed the effects of the detailed evaluation factors on overall landscape
satisfaction. In the web-based evaluation survey, the evaluation factors of gender, comfort,
friendliness, naturalness, beauty, personality, cleanliness, and safety significantly and
positively affected overall satisfaction (Table 4). Specifically, women said that they were
generally satisfied with the residential landscapes they evaluated.

Table 4. Results of multi-level ordered logistic regression for streetscape satisfaction.

Web-Based Survey VR-Based Survey
Overall Landscape Satisfaction Overall Landscape SatisfactionVariable

Coef. z Coef. z
Male −0.784 * −1.80 −0.593 ** −2.20

Personal characteristics Age 0.036 0.66 0.026 0.80
Comfort 0.679 *** 4.01 0.385 ** 2.34

Friendliness 0.383 *** 2.93 0.151 1.04
Harmony 0.168 1.14 0.458 *** 2.68

Naturalness 0.499 *** 3.20 0.591 *** 3.67
Beauty 0.499 ** 2.49 0.992 *** 5.06

Regularity 0.056 0.47 0.001 0.01
Personality 0.522 *** 3.78 0.268 ** 2.07
Cleanliness 0.855 *** 5.77 0.763 *** 4.82
Artificiality 0.009 0.08 −0.042 −0.37

Landscape evaluation
questionnaire

Safety 0.955 *** 6.24 1.329 *** 7.33
cut1 7.725 6.890
cut2 11.569 11.278
cut3 15.476 16.260cuts

cut4 19.640 21.746
Obs. 375 375

Wald chi2 (12) 200.62 *** 205.03 ***
ICC 0.164 0.000
AIC 622.2 522.3
BIC 689.0 585.1

*** p < 0.01, ** p < 0.05, * p < 0.1.

In the VR-based evaluation, gender, comfort, harmony, naturalness, beauty, personal-
ity, cleanliness, and safety significantly and positively affected overall satisfaction with the
residential landscape. Again, women were generally satisfied with the residential landscape.

The only differences between the web-based and VR-based landscape evaluation
methods in the detailed evaluation items affecting overall satisfaction were that friendliness
was a significant factor in the web-based evaluation but not the VR-based survey and
harmony was significant in the VR-based evaluation but not the web-based survey.

Urban residents depend directly on built environmental components around the street
through walking and are affected by their overall satisfaction with their landscape [66],
because urban landscape elements provide visual pleasure, which is considered essential
for neighborhood satisfaction [67–69]. Harmony between the natural environment and
artificial facilities is a significant factor in enhancing the attractiveness of a landscape [70].
Therefore, the perceived harmony of a residential landscape has a positive effect on overall
landscape satisfaction.

We found differences between the two methodologies in the coefficient values, which
indicate the effect of each item on overall landscape satisfaction. In the detailed evaluation
items for harmony, naturalness, beauty, and safety, the coefficient value in the VR-based
evaluation was higher than that in the web-based method. Specifically, the coefficient for
harmony in the VR-based evaluation was 0.458, but it was not statistically significant in
the web-based evaluation. In the naturalness evaluation factor, the coefficient value in
the VR-based evaluation was 0.591, whereas in the web-based assessment, it was 0.499.
Likewise, the coefficient value for beauty in the VR result was 0.992, and it was 0.499 in the
web-based evaluation. Alternatively, the coefficient for safety was 1.329 in the web-based
landscape assessment and 0.955 in the VR results.

For comfort, friendliness, personality, and cleanliness, the coefficient value in the web-
based method was higher than that in the VR-based method. In the web-based landscape
evaluation, the coefficient values for comfort, friendliness, personality, and cleanliness were
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0.679, 0.383, 0.522, and 0.855, respectively. In the VR-based evaluation, friendliness was not
significant, and the coefficient values for comfort, personality, and cleanliness were 0.385,
0.268, and 0.763, respectively (Table 4).

To summarize, we found no significant differences in the evaluation factors that
affected overall landscape satisfaction in the multi-level, ordered logistic analysis. However,
we did find a substantial difference between the methods in the coefficient values attached
to the evaluation factors found to affect overall landscape of satisfaction. Therefore, the
methods differ in the explanatory power that individual evaluation items have on the
overall landscape evaluation satisfaction. When evaluating the harmony, naturalness,
beauty, and safety of residential streetscapes, a VR-based evaluation is judged to be more
appropriate. However, when evaluating comfort, friendliness, personality, and cleanliness,
the web-based landscape evaluation method is more suitable.

5. Discussion

Landscape satisfaction, as an index to evaluate residents’ perception of the living
environment, can be helpful for landscape planning, which shows overall residents’ per-
ception of the residential environment [71]. Surveys are beneficial for measuring landscape
satisfaction, and landscape planning and management strategies are obtained from the
survey results [72]. The most common landscape evaluation methods are on-site field
surveys, paper-based evaluation surveys, and web-based evaluation surveys.

On-site surveys have the advantage of capturing powerful interactions and multi-
sensory experiences. In addition, it can reflect the sincere and comprehensive emotions
of on-site participants by combining surveys and interviews [73,74]. However, bringing
people on-site to evaluate real landscapes is costly and time-consuming and limits the
number of different landscape types that can be studied [75]. On-site evaluation as a way
to know people’s perceptions of the landscape can obtain objective and reliable results,
but the actual effort involved in the work is considerable [76]. In addition, unexpected
situations occurring on-site can seriously affect the research results [77,78].

As an alternative to on-site landscape evaluation, photography is a great visualization
survey tool. Accordingly, many researchers collect the necessary information by printing
photos on paper or projecting them on monitors. However, some scholars question the
validity of photography in landscape evaluation [75,79]. For example, the landscape
elements included in the photo may vary depending on the angle of view taken for the
same scene [80,81], and it does not have the saliency and contextual validity that are
reinforced on-site [75,82,83]. In addition, compared with the on-site evaluation, photos
and slides not only contain heterogeneous appearances but also do not contain various
dynamic elements [84].

Many researchers prefer web-based survey methods as a compromise solution to
on-site research. These web-based surveys have the advantages of time and cost savings,
easy access for respondents, and public control over the immediacy and ethical standards
of the research process [44,85,86]. Additionally, web-based survey methods can save
time by allowing researchers to collect data while performing other tasks [87]. However,
paper-based or web-based landscape evaluation methods, which are preferred as existing
landscape evaluation methods, lack three-dimensionality and realism and are far from the
actual human landscape recognition process.

Alternatively, a VR-based landscape evaluation method can be suitable for urban
landscape evaluation in terms of efficiency and effectiveness. VR technology provides a
three-dimensional immersive environment and advanced technology to solve the problems
of time and space constraints. In addition, because it can immediately capture people’s
reactions to the landscape, it can replace field evaluation.

This study verified the applicability of immersive VR technology to evaluate urban
streetscapes in residential areas. As a result of comparing the explanatory power of
the models according to different methodologies, the VR-based landscape evaluation
method (AIC = 522.3) showed a better goodness of fit than the web-based landscape
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evaluation method (AIC = 622.2). The analysis results of multi-level regression models
also indicated that the VR-based landscape evaluation method effectively controls for
individual differences in evaluating urban streetscape images. In addition, the VR-based
landscape evaluation method enhances the model’s reliability by controlling for individual
characteristics, which is the basis for supporting our hypothesis.

This study confirmed that VR-based evaluation methods have proven to be valuable
and flexible streetscape evaluation tools. At the same time, this study found that integrating
Google 360◦ panoramic images and VR methods can solve the bias problem in taking and
selecting photos for landscape evaluation. Still, compared with field surveys, they have
limitations in conveying detailed information about subtle differences and properties of
objects, such as materials, surface texture, and age [88,89]. Moreover, the advantages of time
and cost savings from the web-based streetscape evaluation method cannot be ignored.

6. Conclusions

As awareness of streetscapes has increased their importance, many landscape eval-
uation studies have been conducted for landscape management. Everyday life in a city
takes place in street spaces, particularly residential areas, so it is crucial to understand land-
scapes from the street view. However, despite their importance, Korean urban landscapes
are continuing to lose their original appearance. Urban expansion and increasing urban
development are rapidly changing the appearance of the urban landscape and causing
various problems.

Many landscape evaluation techniques to diagnose and solve those urban landscape
problems quickly have been studied, mostly in questionnaire evaluations using paper
documents or online surveys. However, the time and cost required by existing landscape
evaluation methodologies, the subjectivity of the researchers involved in choosing the
evaluation images, and difficulties in generalization are problems that remain to be solved.

In this study, we focused on the limitations of the landscape evaluation methodologies
used in previous studies. To address those problems, we proposed a virtual landscape
evaluation method. The development of VR technology has made it possible to model
and simulate an immersive virtual environment that can provide people with a realistic,
three-dimensional experience. Therefore, we compared the results of a standard web-based
landscape evaluation with those from a VR-based landscape evaluation. We performed
t-testing to statistically verify the difference between the results of the two landscape
evaluation methodologies and found differences in the average values for the factors of
harmony, naturalness, cleanliness, artificiality, safety, and overall satisfaction.

Next, we conducted a multi-level, ordered logistic analysis of the subjective evaluation
index and how it affected overall landscape satisfaction in the two methods. We confirmed
the ICC value for each model and found a few individual differences between them. The
VR methodology can solve the reliability problem of web-based evaluations. The AIC and
BIC values confirmed the results of the multi-level ordered logistic analysis: the VR-based
street landscape evaluation method had better explanatory power than the web-based
street landscape evaluation method.

The detailed evaluation items affecting overall landscape satisfaction were similar in
the two methods, but the coefficient values differed. Specifically, the VR-based streetscape
evaluation model showed more significant and higher coefficients for harmony, naturalness,
beauty, and safety, which are factors that people consider important when choosing a place
to live. Therefore, the VR-based landscape evaluation method is suitable for evaluating
street scenes experienced in daily life.
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