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» Eye movements help interpret
cognition process that leads to
experience and behavior

« Fixation content analysis
combines automatic semantic
segmentation with manual audit

« Information density measures
the efficiency of environmental
elements on attracting attentions

» Elements with high information
density (e.g. business signs)
play a larger role in experience
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To understand the attention distribution and visual cognition in streets, this study conducted an
experiment on Nanjing Road Pedestrian Mall (Street) using Head-mounted eye-trackers. Participants’
attention distribution were analyzed via Area Of Interest (AOI) during real-life walking scenarios,
combining with several experiment tasks (i.e., destination selection, point-of-interest photography, and
in-depth interviews), to capture participants’ naturalistic decision-making. The study combined automatic
semantic segmentation with manual audit to code participants’ attention fixation duration and proportion
by AQIs. A new indicator “information density,” which is the ratio of the attention percentage to the
exposure percentage of a given environmental element, was introduced to describe the efficiency of
environmental elements on attracting attentions. Findings revealed information density varies across
environmental elements: higher information density was found in sign, building entrance, brand name,
and poster; the lower was found in building, sky, and ground; while tree and person fell in between.
Findings hence suggest environmental elements of higher information density (such as business

signs) should be systematically designed to enhance desired experiences. Findings also indicated

that personalized experiences are more likely to induce positive associations about environment which
eventually lead to place attachment.
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1 Introduction

Streets are not only an important part of urban traffic system,

but also a major sort of place for social activities. With the rapid
urban development, pedestrian malls/streets have gradually gone
from simply providing commercial services toward magnifying
specific landscape qualities and accommodating multiple activities,
enriching citizens’ social life'",

Researchers have carried out cognitive experience analysis
based on observational research on people’s behavior and
landscape experiences on streets, developing various research tools
and scales to measure users’ activities and behavioral psychology
through behavioral observation, questionnaire, in-depth interview,
etc. Research tools include Kevin Lynch’s City Image and Its Five

[21(3]

Elements and Cognitive Mapping“"”, and methods include Jan

Gehl’s Public Space & Public Life Survey based on site surveys

and behavioral observations™"!

and Charles Egerton Osgood’s
semantic differential based on psycho-experiments'®. With the
development in Physiology and Psychology, innovative approaches
such as emotion and experience capturing based on physiological
data'” and self-reported assessment with a focus on ecological

1% have been proposed. However, due to the immaterial

validity'
nature of environmental experiences and feelings, although these
studies measure users’ experience in and emotional memory about
a given space, they provide little help to support design practice
from the perspective of spatial elements.

Eye tracking technology can accurately record the authentic
movements of human eyes in millisecond responses, and reflect
human rapid perception of the environment"""?, It helps
researchers intuitively understand the visual cognition process
from spatial element capture to behavioral decision-making, and
has therefore been increasingly used in studies on evaluations

[13] [14]

of human factors" ™, environmental experience" ™, etc. However,

in many of these studies related to landscape perception
and street experience, participants were only asked to freely
observe around without any specific activity scenarios!*~"",
or orthogonal experiments involving multiple environmental
factors (e.g., building, tree, sky, and ground) were set for specific
purposes, in order to examine how environmental factors affect

(201~22] As people’s perception of and preference

people’s attention
for a same scene or image is not absolute””, different spatial
setting and research purposes would lead to varied cognition

results?*1~[26l

, which means that without clear task guidance
such experiments might fail to achieve the desired experimental

outcomes. For example, in an European study™” that used

053

eye-tracking to investigate how people perceive and observe
landscapes, participants were only asked to look at landscape
photographs aimlessly, and the research results were nothing but
that participants observed panoramic and detailed photographs
differently from other types of photographs, which contributed
little to the research on environmental elements or landscape
experience. Therefore, this study designs an eye-tracking
experiment that records people’s authentic experience and feelings
and behaviors as they wander through the street, attempting to
better understand the cognition processes.

In summary, in order to map the distribution of people’s
attention on the pedestrian street and to learn the visual cognition
process from environmental element capture to behavioral
decision-making in a more intuitive way, this study uses eye-
tracking technology to conduct an exploratory experiment to
analyze participants’ eye-movement attention. This paper attempts
to answer questions, including 1) how attention varies between
environmental elements; 2) which types of environmental
elements and spaces can importantly affect participants’ landscape
experience; and 3) how environmental elements specifically guide
participants’ behavioral decision-making .

2 Research Methods

2.1 Experimental Design

In this study, an eye-movement field experiment was conducted
using Ergoneers Dikablis head-mounted eye-trackers with a high
sampling frequency (60 Hz)"”® and behavioral tasks were set up to
elicit participants’ authentic decisions as they wonder the street.
Tasks include free-walking observations that use prompts to set
specific scenarios and given behavioral tasks, both stimulating
participants’ daily behaviors on the street environment. In the
former task, participants were asked to wear the eye-trackers and
freely observe on the street to record their visual cognition during
the wandering; the latter included destination selection, point-
of-interest (POI) photography, and in-depth interviews, so as to
understand their visual cognition process of important events
related to spatial experiences.

As this study focuses on understanding pedestrians’ real
cognition and behaviors in a natural state, a small sample size
was adopted for deep systematic exploration®”*"!, This type of
in-depth analysis prioritizes the value of research findings for
practice and therefore allows an appropriate reduction of sample
size®®"!. Referring to other exploratory studies, the experiment
adopted a sample size of 6 ~ 8 participants and collected data
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under principles of theoretical sampling and theoretical

saturation®[33].

2.2 Site Selection

This research selected the Nanjing Road Pedestrian Mall (the
street hereafter) in Shanghai as the experiment site. Known as
“the greatest street of China”"®", the street is a vibrant public space
and a tourism destination in Shanghai full of dramatic informative
and visual stimuli, and considered suitable for various behavioral
experiments. The street was renovated at the beginning of the 21st
century, bringing about a sharp visits growth®® and huge economic
and social benefits; in early September 2020, its east extension
section was completed, stretching from South Xizang Road to the
Bund, with a total length of 1,599 mB4Be]

Based on existing cognition studies on the street®”"*" and
considering the contrasting landscape appearance difference
between the middle section (in-between Hubei Road and Henan

(D Theoretical sampling can be understood as the process of data collection under grounded

Middle Road, remaining the original style of the street) and the
newly built east section (in-between Henan Middle Road and
Zhongshan East No. 1 Road), this study selected parts of both
sections—225 meters for the former and 175 meters for the latter

(Fig. 1).

2.3 Experiment Procedure

The experiment flow and task spots are shown in Figures 1 and 2.
Considering that participants’ free-walking observation and POI
photography often occurred at the same time, participants were
asked to perform both tasks simultaneously in the experiment.

After filling in questionnaires about basic information and
calibrating eye-trackers, participants were first asked to perform
the destination selection task at the intersection of Henan Middle
Road: after a short observation of both sections of the street, they
were asked to choose the direction they wanted to wander first,
and to perform free-walking observation and POI photography.
During the free-walking observation, participants were guided by
prompts about walking on the street as they casually do—such as
“imagine yourself now walking around the street with your friends
during leisure time” and “wander around and stop at any time if

theory whereby the analyst jointly collects, codes, and analyses data and decides what data to
collect next and where to find them in order to develop a theory as it emerges (Source: Ref. [32]).

2 Theoretical saturation means that in the iterative process of theoretical sampling, the
sampling can be stopped when no additional data are being found whereby the analyst can
develop properties of the category (Source: Ref. [33]).

you would like to observe or approach POI”—and took pictures
whenever they want. During this process, the eye-trackers recorded
participants’ attention distribution of the street environment, and a

1. Map of selected task spots of the experiment 2. Experiment procedure

Preparation

Henan Middle Road
Testing of the eye-tracker (3 mins)

v

Filling out the questionnaire on basic
information(5 mins)

v
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" and POl photography |
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data logging device was installed to record their performance. After
walking around both sections, participants would complete the in-
depth interviews at the designated location. The questions of in-
depth interview were about the results of the destination selection
and the reasons, the overall impression of the two sections during
the free-walking observation, and the reasons for taking each photo.
They were also asked to select three favorite photos from the ones
they had taken, and explain the reasons. Researchers ensured that
participants answered all the questions completely and clearly.

The experiment recruited on-site visitors as participants to
ensure the representativeness and authenticity of the samples.
According to existing studies, the majority of visitors to the street

)[42]

are young people (aged 18 ~ 40)"", accounting for more than 50%

of the total visitors, and the proportion keeps growing in recent
years'*’; meanwhile, students and company employees are the most
occupation types of the visitors as surveyed*”. Thus, the recruited
participants were required between 18 and 40 years old and being
students or company employees by occupation. Physiologically,
their naked or corrected defects of vision should be at least

1.0, and they should have no eye diseases (e.g., color blindness,
color weakness) or hearing disabilities. A total of 7 participants,

3 females and 4 males/5 students and 2 company employees,
recently living in Shanghai for at least 6 months, were recruited.
The experiment was conducted on October 31 and November 1,
2020 with similar weather conditions during the experiment hours,
and each participant completed his/her experiment in 40 minutes,
accompanied by a researcher throughout the process.

2.4 Methodologies of Data Analysis

The data collected in this experiment were categorized into
pure eye-movement data and behavior-related eye-movement data.
Data that were less related to eye movements but also reflected
participants’ feelings and experience were categorized as pure
behavioral data. Comprehensive analyses were conducted for the
three categories of data.

1) Pure eye-movement data analysis: in order to visualize the
distribution of attention, the research used the area of interest (AOI)
analysis method, which is commonly used in eye-movement studies,
i.e., by defining a specific extent or element of interest as an AOI,
and calculating the accumulated fixation duration and the attention
percentage of the given AOI"*.

2) In addition to AOI analysis, scan-path analysis is also used to
process behavior-related eye-movement data, which investigates
the cognition process associated with behavioral decision-making
by analyzing the sequence of attention on environmental elements.

And 3) pure behavioral data, including photographs taken and
in-depth interviews, were coded and categorized to systematically
explore participants’ cognition and perception.

To ensure the data validity, the eye-movement data 5 seconds
after the audio instruction in the destination selection task, the
eye-movement data 3 seconds before taking photos in the POI
photography task, and the eye-movement data throughout the free-
walking observation task were extracted.

Eye-movement AOI analysis mainly consists of two steps:
automatic semantic segmentation combined with manual audit,
and the calculation of the information density of environmental
elements.

Due to the huge amount of collected eye-movement data, data
analysis process would be extremely time-consuming—for instance,
usually an eight-hour manual audit is required for processing a piece
of 10-minute data since the researcher needs to audit the data back-
and-forth and frame by frame to audit different objects. Therefore,
ADE20k dataset trained by Zhou Bolei et al.* was used for image
semantic segmentation, which is the largest open-source dataset
worldwide for semantic segmentation and scene parsing developed
by the MIT Computer Vision research group. Its software combining
computer semantic segmentation with automatic eye-movement
AOI analysis, codevelopped by the Computer Vision Group at the
School of Software Engineering, Tongji University, enables automatic
batch recognition of attention to each environmental element,
greatly improving the efficiency of data analysis (Fig. 3). However,
due to the accuracy limitation of automatic semantic segmentation,
some environmental elements and areas closely relevant to street
experience (e.g., signs, building entrances, posters) could not be
accurately recognized. Such AOIs and the corresponding fixation
duration need to be manually audited. The total statistics were
visualized overlapped on street scene images recorded by the front
cameras of eye-trackers'*®. Thus, this study used a combination of
automatic semantic segmentation and manual audit in the analyses
of the attention distribution of each environmental element.

Additionally, the fixation duration of a given environmental
element is largely affected by the visual space the element
occupies'’., To further analyze the attention attracting extent of
each element, this study introduces the indicator “information
density’@, the ratio of its attention percentage to its pixel (exposure)

(3 Existing research has studied similar indicators. For example, in Ref. [44], the researchers
described the indicator as “dwell time divided by the % surface areas of AQOls,” but did not
name it. The indicator is named “information density” in this study.
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3. Semantic segmentation of environmental elements and automatic batch processing of AOls

percentage, to describe the efficiency of information input per unit
area. The formula is as follows:

Ii = nDi / nAi ’
20 ] | 24
j=1 j=1

where [;is the information density of the ith element; D, is the
fixation duration of the ith element (ms); Z}Ll Dj is the sum of the
fixation duration of all the n elements in the frame (ms); 4; is the
pixel area of the ith element in an image (px); Z}‘zlAj is the sum of
the pixel area of all the n elements in the image (px).

Whereas, both attention percentage and pixel percentage
range from 0 to 100%. When the information density is 0 ~ 1, it
means that the attention percentage is lower than the exposure
percentage; vice versa when the information density is greater
than 1. The studies on individual environmental elements can be
expanded onto other AOIs that are more important to spatial design
(e.g., building ground floor, street furniture), where information
density can broadly describe people’s intuitive information
preferences, and the recognition and systematic intervention of
preferences of environmental elements or AOIs can help the spatial
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design of streets to better direct users’ attention, so as to stimulate
specific feelings or behaviors.

3 Research Results

3.1 Information Density Differences Among Environmental
Elements

Research results reveal the significant differences of information
density among varied environmental elements in the destination
selection task. In this study, 9 categories of environmental
elements were identified according to ADE20k dataset, namely
sky, ground/sidewalk/floor (“ground” hereafter), building,
person, tree, building entrance, poster, brand name, and sign. The
study classified the environmental elements by the mean value
of information density of each element into low (0, 1], medium
(1, 2], and high (2, o0) levels (Table 1; Figs. 4, 5): the elements of
sign, building entrance, brand name, and poster have the highest
information density, followed by tree and person, and the elements
of building, sky, and ground have the lowest information density.

Among the high information density elements, sign had the
highest total information density (4.89) while occupying a very
small pixel area (0.97%), which was only found in the middle
section of the street. The elements of poster and brand name also
received considerable attention (2.31 and 2.16 for information
density) with very low exposure percentages (2.38% and 1.26%).
Environmental elements such as building entrance that are of high
transparency and openness also received a lot of attention (20.98%)
with a relatively lower exposure percentage (8.56%).

Among the low information density elements, building (after
removing elements such as building entrances and signs) had the
highest overall attention proportion (25.78%), but its total exposure
proportion was also high (30.73%), resulting in a relatively low
total information density; meanwhile, the elements of sky and
ground had the lowest total information densities (0.16 and 0.49),
especially sky, which received little attention while occupying large
pixel areas.

These research results suggest that elements with the largest
exposure proportion do not always receive the most attention,
while some others can attract a lot of attention despite occupying
a very small pixel area. It is reasonable to believe that when people
wander to be informed on the street, they tend to pay attention to
high information density elements such as building entrances and
signs that reflect the information and status of spatial activities;
tree and person to some extent can also provide spatial information
as they also reflect the comfort level and the maintenance situation



Table 1: Information density of each environmental element

Middle section East section Total
Environmental elements
Attention Exposure Information Attention Exposure Information Attention Exposure Information
percentage percentage density percentage percentage density percentage percentage density

Low Sky 1.57% 13.90% 0.11 1.86% 7.82% 0.24 1.71% 10.86% 0.16
ggl‘l’sri':‘yatm“ Ground 13.04% 20.27% 0.64 9.65% 26.35% 0.37 11.41% 23.31% 0.49
(0,1] Building 21.50% 26.60% 0.81 30.41% 34.85% 0.87 25.78% 30.73% 0.84
Medium Person 15.34% 12.52% 1.23 13.66% 10.17% 1.34 14.50% 11.35% 1.28
information
density
(1,2] Tree 9.70% 5.31% 1.83 3.30% 2.33% 1.42 6.50% 3.82% 1.70

Brand name 2.86% 1.43% 2.00 2.56% 1.09% 2.35 2.72% 1.26% 2.16
High Poster 5.70% 2.13% 2.68 5.30% 2.63% 2.02 5.50% 2.38% 2.31
information
densi Buildin;
2, oo)ty entrancge 19.28% 9.04% 2.13 22.68% 8.08% 2.81 20.98% 8.56% 2.45

Sign 9.20% 1.94% 4.74 / / / 4.74% 0.97% 4.89

; .
Standing spot and |
ggm direction

Low information density Medium information density

I High information density

4. Information density of each environmental element in the middle section
5. Information density of each environmental element in the east section

of the site; sky and ground that have a relatively high exposure
proportion but less information are easily overlooked.

3.2 Stimulating Landscape Perception of Streets Through
Systematic Design of Environmental Elements of High
Information Densities

During the free-walking observation task, the researchers found

& © Chen Yiyan, Chen Zheng, Du Ming

Medium information density

I High information density

Low information density

that environmental elements of high information densities such

as signs and posters were mostly found on the middle zone of side
interfaces on the street. To probe into how does such a setting
affect participants’ attention and perception, this research spatially
divided the street into top, bottom, and side interfaces and further
divided the side interfaces into upper (top floor of podium and
higher areas), middle, and lower zones (ground floors), to analyze
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Table 2: Attention percentage at varied interfaces of the street during the free-walking observation task

Interfaces
Side interface
Top interface Bottom interface
Lower zone Middle zone Upper zone
Middle section 28.30% 24.20% 5.87% 1.60% 24.55%
East section 38.05% 16.16% 12.94% 0.15% 19.25%

Standing spot-and - oy
Ji sightdirection -\ Standing'spot and

‘sight'direction .\ \ -
\

Top interface |
Attention percentage: 0.15% |}

Middle zone of side interface |
Attention percentage: 16.16%

i Lower zone of side interface

{ 2 Attention percentage: 3
- I

I

»' Lower zone of side interface
. Attention percentage: 28.30%

Bottom interface
Attention percentage: 19.25%
oy l ¢

o~ © Chen Yiyan, Chen Zheng, Du Ming

6. Attention distribution at the upper, middle, and lower zones of the side interface in the middle section
7. Attention distribution at the upper, middle, and lower zones of the side interface in the east section

the attention distribution accordingly.

Overall, the side interface of the street received significantly
more attention than the top and bottom interfaces; participants’
attention was concentrated on the lower zone in the east section,
and on the lower and middle zones in the middle section (Table 2;
Figs. 6, 7).

Specifically, in the middle section, the lower zone of the side
interface received the most attention (28.30%), the middle
zone also received a similar proportion (24.20%). This does
not prove the results of other existing research suggesting that
people’s attention on the street often concentrates on the ground
floor of buildings™** (i.e., the lower zone of the side interface).
Participants described the middle section of the street as “vibrant

” o«

and busy,” “visually interesting and rich,” and “very distinctive,” for
reasons such as “unique business signs,” “large LED advertising
posters,” and “old-fashioned architectural decorations,” all of which

were the environmental elements appeared in the middle zone

VOLUME 10/ ISSUE 2 / APRIL 2022

of the side interface. In addition, researchers also noticed that
participants’ body movements such as looking up, turning their
heads, and turning around, in addition to their eye movements,
exemplified that they were attracted by the middle and upper zones
of buildings. Usually a pedestrian’s horizontal viewshed is about
90° on each side, while the vertical viewshed is very limited—

the one’s visual axis would even shift downwards by 10° during a
careful walk*'—this explains why one’s sight often concentrates on
the lower zone of the side interface when walking. However, when
the elements of high information density are arranged at a certain
height, people would quickly adjust their sight towards where they
can get more information. The middle section of the street gathers
various kinds of distinctive and old-fashioned signs and posters in
the middle zone of the side interface, including diverse architectural
decorations such as customized gables and corners, creating a
spatial style different from ordinary street spaces and an AOI of rich
visual components that simulate people's curiosity. All these can

~ © Chen Yiyan, Chen Zheng, Du Ming



lead to a series of observation behaviors and create a “unique,
and “distinctive” landscape experience.

” «

rich,” reasons, the photos can be classified into core impression (42

pieces), unique experience (32 pieces), and personal association (8

pieces) according to their environmental attractiveness (Table 3,

3.3 Personal Emotional Connections Would Contribute to Fig. 8).

Environmental Attractiveness

This research explored the visual cognition processes associated
with environmental attractiveness by categorizing the photos
taken by participants, combined with the analysis of eye-movement
attention scan-paths before the photo-taking and the in-depth
interviews. Based on the text encoding analysis on the photography

1) Photos of core impression reflect unique scenes or nodes

of the street, while participants described them in the in-depth
interviews as “representing the characteristics of the street” and
“not seen elsewhere.” These photos recorded, for example, the area
with “various” and “colorful” business signs (photo No. 7) and the
“crowded” and “massive” visitors (photo No. 13).

Table 3: Participants’ self-reported reasons for taking photographs of personal association

Photo number

Content

Participants’ self-reported reasons for taking photographs

Favorite photo or not

“Because I think this Old Fengxiang billboard is quite retro... like
the kind I had seen when [ visited Shanghai as a child, at that time
there were such billboards shown in TV commercials, very old
Shanghai style.”

Yes

“At the end of the street you can see the World Trade Center, the
building is of an unusual shape—it has two “horns”—I can see
this building all the way along the Nanjing East Road, as what I
remember.”

No

18

“When I was walking slowly waiting for the traffic lights, I passed
by this kiosk and took a closer look. It seems that it is a shop of
Shanghai facial creams, and my friends and [ had bought some
products somewhere else. It is interesting!”

Yes

19

“When I first came to Shanghai, I took a photo here with my
friends on my first visit to the street. We really had fun till late
night, and there were few people on the street. Such a memory! |
miss that”

Yes

Not numbered

because of the

same content
with photo No. 19

“When I was an undergraduate, my mother came to visit me, and
[ took her some photos right here on the street.”

No

059

Continued
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Table 3: Participants’ self-reported reasons for taking photographs of personal association

Photo number

Content Participants’ self-reported reasons for taking photographs Favorite photo or not

“I was trying to get a shot of the Bund Center in the distance...
My favorite thing about touring here when [ was a kid was this

22 Yes

building, especially the beautiful lightings at night. The shape of

the building is very extraordinary, I guess.”

“The Peace Hotel is ahead! It is so close to the Bund. Last time
26 my friend and I sat at the Bund for a long time. I always think the Yes

illuminated green roof of this building looks appealing at night.”

“This building looks quite like the one in a TV series I watched a
27 while ago. It is the main character’s office, and almost the same No

one, particularly the building textures! I wonder if the TV series

was took here!”

8. The taken spots of the photos of core impression, unique experience, and personal association, and the selected “three favorite photos” (those photos representing
the same content are not repeatedly displayed in this figure).
BOBBI BROWN
AR
@ Eag\.
i)
- [ Core impression
I innis free = B Unique experience
R L : Personal
. association
The ones selected
® as “three favorite
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2) Photos of unique experience record what participants
perceived as interesting and different from everyday life, such as
unique window decorations (photo No. 2) and a sales clerk inviting
customers in a panda costume (photo No. 8).

And 3) photos of personal association reflect the scenes or
nodes evoking participants’ memories, described such as “having
been there before” and “being associated with familiar films and
television works,” for example, the World Trade Center at the end of
the street (photo No. 4) and the Bund Center (photo No. 22).

Although the percentage of personal association photographs
was small (only 10% of the total number of photographs), they were
selected as the “three favorite photos” by the highest percentage
(63%), much higher than the 33% for core impression and 6% for
unique experience. This suggests that when a scene/node evokes
a participant’s personal memory, it tends to build emotional
connections and thus become a “favorite” part of the one’s overall
landscape experience.

The reasons for the selection of personal association photos as
the favorite ones can be further understood combining with eye-
tracking attention scan-path analysis. Photo No. 19 (Fig. 9-1) was
taken near the iconic marble sign of the street, at the entrance of
the middle section. The eye-tracking attention scan-path in the
first 3 seconds (Fig. 9-2) shows that the participant firstly noticed
the person taking photograph and the person being photographed
in front of the sign, then observed the sign to recognize the
photography act, and then observed the persons and the sign
again—in the process the participant might recall the memories of
taking similar photographs; latter the one observed the flower bed
to consider the possibility of passing, and finally decided to take a
photograph in-situ.

9. Fig. 9-1is taken by the participant;
Fig. 9-2 is the views overlaid with
fixation and scan-path maps (fixation
duration showed in circles and
saccade path in lines) to the original
photo.

F85

061

The results of the experiment show that when environmental
experiences evoke personal association and motivate sentiment
(i.e., emotional resonance), they tend to lead to the visitor’s positive
cognition outcomes and the enhancement of environmental
attractiveness.

4 Conclusions

This study uses eye-tracking technology to intuitively
understand the cognition process from environmental element
capture to behavioral decision-making, providing new insights for
the research on spatial experience of streets. At the same time, the
combination of eye-tracking data analysis with in-depth interviews
establishes a direct link between non-material cognitive factors
(e.g., personal experiences, emotions, and memories) and material
physical spaces with qualitative methods, providing an effective
means for similar studies. In addition, the study set tasks of street
experiences in real-life scenes to explore the relations between
different environmental elements in cognition process for specific
behavioral purposes, offering a deeper understanding of the overall
cognitive process and a new research path. This study includes the
following main findings.

1) The experiment site, Nanjing Road Pedestrian Mall (Street),
has rich environmental elements that vary in information density:
the highest for the elements of sign, building entrance, poster, and
brand name, followed by tree and person. High information density
elements, especially signs, have very low exposure percentages, but
they significantly affect people’s overall environmental perception
of the street, and should be prioritized in the spatial design of
streets.
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2) Systematic design of environmental elements of high
information density would facilitate creating unique landscape
experiences. On the street, the systematic design of high
information density elements such as signs has greatly enhanced
participants’ attention to the middle zone of buildings, forming an
extraordinary landscape style from other streets, largely improving
the effects of design interventions. In recent years, Huangpu District
Government of Shanghai has carried out a series of renovation and
renewal projects on the street, during which such environmental
elements in the middle zones of buildings were mostly preserved,
protecting and sustaining the landscape identity and characteristics
of the street. In future design of urban spaces, more attention
should also be paid to identifying the environmental elements of
high information density and their influence on visitors’ spatial
perception and behaviors, so as to stimulate and encourage certain
feelings and activities, and to improve the overall environmental
quality of designed spaces.
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