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ABSTRACT

The street is a type of important urban public
space with multiple social values, one of which

is the restorative potential. Based on the “being-
away,” “extent,” “fascination,” and “compatibility”
constructs of restorative environments proposed
by the Attention Recovery Theory, this study
elaborated the significance of restorativeness
provided by street environments to people living

in high-density cities. It used the traditional
restorativeness scale with mobile eye trackers

to explore the restorative experience provided

by an urban street, and identified the specific
streetscape elements related to restorativeness
and the degree of their influences. The results
show that “greenery,” “people,” and “cars” perform
significant influences, and different streetscape
elements have different degrees of influences on
the 4 constructs of the restorative environment.
For example, for the“being-away,” “extent,” and
“fascination” constructs, the influence of “greenery”
is the most important, while “people” plays the
core role in “compatibility.” The findings can help
professionals develop targeted design strategies
to improve diverse street environments for a better
restorativeness.

KEYWORDS

Restorativeness; Streetscape Elements;
Perception Evaluation Scale; Mobile Eye Tracker;
Attention Recovery Theory
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1 Introduction

Natural environment can bring restorative experience, which is,
however, usually limited to the residents in high-density cities. In
this sense, it is more important for space making to help people
get “healed” in urban spaces within dense built environments
rather than in suburbs. Streets, as primary places for daily

-1 may offer temporary yet repeatable

outdoor activities
restorative experiences through design interventions, which
contribute largely to shaping a healthy urban environment. As a
typical high-density city in China, Shanghai sees such potential
in its urban street system of diverse spatial experiences' "' that
may create convenient and continuous restorative benefits for
people. Focusing on the Guokang Road in Yangpu District of
Shanghai, this study used questionnaire survey with eye tracking
technology to identify streetscape elements that influence the
restorative experience of pedestrians, so as to provide evidence

for streetscape design for restorativeness improvement.

2 Restorativeness of Urban Streetscapes

2.1 Theoretical Development

Originating from Environmental Psychology, theories of
restorative environments mainly focus on probing into specific
environmental experiences and features that help with the
recovery of humans’ psychological, physiological, and social
resources from daily exhaustion'®"), Early research commonly
found that even spending a little time in the nature or just
looking at natural scenes through a window can help recover

[9]~[11]

humans’ attention and improve emotional and mental

124 significantly enhancing cognitive competence

state
and ameliorating behaviors'"*!, In order to leverage such
benefits to guide the environmental design for restorativeness
improvement, scholars have established standardized methods to
evaluate restorativeness''*'!**/, Most of these studies employed
multi-dimensional psychological scales based on psychological
constructs of restorative environments to evaluate people’s
recovery through questionnaire surveys. There have been two
mainstream theories of restorative environments: Attention
Restoration Theory (ART)"""” proposed by Rachel and
Stephen Kaplan and focusing on attention fatigue, and the Stress
Reduction Framework proposed by Roger S. Ulrich!"*""* and
focusing on physiology and emotion decline (Fig. 1). Particularly,
the former summarizes 4 constructs of restorative environments,
namely being-away, extent, fascination, and compatibility, which
have become the theoretical foundation for restorativeness

evaluation scales', including the Perceived Restorativeness
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Scale'"" and the Restorative Component Rating Scale -

(RCS)"". However, these tools can be hardly used to identify

1. Two mainstream

specific environmental features related to restorativeness as . ,
theories of restorative

environment

they quantify merely the restorativeness perception of the
participants'®’),

The process of urbanization has encouraged more
and more studies in recent years to explore the restorative
potential of natural elements in built environments**"*"),
Some suggest that a restorative environment does not always
satisfy all the 4 constructs of ART"**, Moreover, urban
spaces such as streets'” and squares” that are designed of
these constructs can provide restorative experience”'’*, As
frequently used places in people’s everyday life, streets are
designed for passing through—in comparison to other types
of urban spaces (e.g. parks and squares) to stay in. Studies
on restorative streetscapes proved that people’s restorative
experience correlates negatively with the height of buildings
in the streets and the street’s entropy value (describing the

31 while positively with the

disorder of a street environment)
quantity of street trees and planting beds"””. However, street
environment is complex. Existing research mainly focuses on
individual streetscape elements (buildings, street trees, etc.)
or street characteristics (extensibility, complexity, and skyline
changeability of the street interface, etc.), and efforts that

systematically examines all the streetscape elements are absent.

2.2 A Review on Methods of Restorativeness Evaluation
Most early research performed visual evaluation of

landscapes via images, videos, 3D models, or VR scenes"",
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where the evaluations were based on participants’ preference

3 and scoring”®. However, the lack of authenticity

ranking
of such visual media might lead to a low accuracy of
evaluation””, In recent years, this problem has been
addressed by the advance of eye tracking technology which
helps discover the relations between visual perception and
specific environmental agencies by capturing the fixation
points and movement tracks of eyes”**!, It has widely
evidenced that human’s visual preference is closely related to

HIBHHI "4 nd the fixation

B2 g

inspires scholars to further use eye trackers in ART-based

the restorativeness of environment
duration positively correlates to visual preference

research. By capturing the movement track of fixation point
and taking the fixation frequency to indicate the viewer’s
visual preference, the environmental elements related to

(131

restorativeness can be identified M For example,

Rita Berto et al. found that environments with varied level
of restorativeness may result in different eye movements'*'.
Other researchers confirmed the correlations between high-
frequency fixation points recorded by eye trackers and the
restorativeness of corresponding landscape elements™' in

small urban spaces.

3 Study Methods

This study explores the relations between restorativeness
perception and streetscape elements in the real world by
adopting both qualitative and quantitative methods—utilizing
a restorativeness evaluation scale supported by eye tracking
technology. This is based on the prerequisite that when people
are working on questions of a scale, their thinking would

stimulate the eye movements'****and the fixation points
captured by the eye tracker can be considered the restorative

streetscape elements in the environment.

3.1 Self-Reporting Evaluation on Restorativeness Perception
with Questionnaire

This study employed the RCS developed by Karin
Laumann et al."" to evaluate the restorativeness perception,
because confirmatory factor analysis has proved that the
factor structure of RCS better echoes the 4 constructs in
ART. Besides, RCS adopts a consistent wording in describing
the 4 constructs, which helps participants better understand
the meaning of scale questions for a higher accuracy of
evaluation.

The questionnaire used in this study consisted of 2 parts:
the first part adapted 15 questions of the original RCS that are



F1: FRARPERNTEEFER

Table 1: The restorative component scale used in this study

TSI EF TR EF I TR
Constructs of a restorative environment Evaluation questions to each restorative construct
B X PRI EBESIC TERE B S R
When | am here | feel free from work and daily routine.
EEHE (B) - EEUR ST S ANERFZSRNEN .
Being-away (B) When | am here | feel free from other people's demand and expectations.
B3 XBIHEBENSICAKIENTES XS,
When I 'am here | do not need to think of my responsibilities and obligations.
El XEMFERAESRERKRN,
The elements here go together.
SERHE (E) B R R T AR AR TR I 2 71,
Extent (E) E2 .
The existing elements belong to here.
E3 BAENTREE ERERN.
The surroundings are coherent.
i XEFREZBEERROFRE,
There is plenty to discover here.
2 XEFRSOCBBEFFTNERA,
This setting has many things that | wonder about.
HEALE (F) o EEHREWEIRNOEE,
Fascination (F) There are many objects here that attract my attention.
" XEFTSEMERRESE,
There is plenty that | want to linger on here.
F5 FRERRIITURE BERITEE S
| am absorbed in these surroundings.
o1 XEIUEHAENSEMBERMNES.
The environment gives me the opportunity to do what | like.
o RGBSR TEX B ML
=5t (C) | can handle the kinds of problems that arise here.
Compatibility (C) J
c3 FRE B RIS R F B IR,
| rapidly adapt to this setting.
c4 MM EERBEX —HEPEEIRI,.
There is an accordance between what | like to do and this environment.
iE NOTE
BRARBRBSE K], The scale is adapted from Ref. [11].

BARTFROGT, TRFFEN6I;; B RE T S HH MR | Fil applicable to streetscape evaluation, corresponding to the 4 constructs

FE SN NEZA, in ART (Table 1). Participants were required to score the consistency
degree of the description in each question to their own perception
3.2 By R I —— HREhE R A with 0 ~ 6 points: 0 means not consistent at all and 6 points means
RS R A P9 5 BB 17 S S O Tobii Pro totally consistent; and the second part collected participants’ personal

Glass 285 1 (A W 0T BR i S T B 0 2 information, including gender, age, and occupation / profession.
3.2 Identification of Restorative Streetscape Elements with Eye
Tracking Technology

The study employed the Tobii Pro Glass 2 mobile eye tracker
provided by the Experimental Center of Ergonomical Intelligence
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S % Measure the restorative experience of a street in terms of the 4 constructs in g.
= % N ART (being-away, extent, fascination, and compatibility) through 15 questions S
g 8 3 (BUEMEBMER ) BT s T
g % (Quantified qualitative evaluation) (XM, FESTE) % E
S — o f5
< 5 73
3 g 5 Quantitative analyses § %
g " 5 RS SECERCSH AMAMIEIA, MIELERTEN S, ROTAR (corelaton anaysis, g %
’ Zx = ARUTETE 2 R %R ANOVA, etc.) 3
— ﬁ Eve tracker Capture participants’ fixation points while answering the RCS questions to —— %
g R U analyze the proportion of different streetscape elements, and discover their ;E
;:-' correlations with restorativeness perception 2,”“
o 3

AP B A A A 5 B LS . P98 R L FALER 2= I and Environmental Behavior of Tongji University to collect data
{38 Y ENFE A, BT TR AR AT IR 20, TS A of eye movement tracks, including videos and fixation points with
AR FFHEAFUCHD , He B E T S S R T (E2) ;B location and time information. The collected videos were first

5 - TR TE Fit s 5L 15 R C.SHF A B ST 2 B 5 LA AMT . T i framed into images for semantic segmentation by machine learning.
5 2 A X A e 5 5 o 0 24 5 T 2 B L 2 Then the results were matched with the coordinates of the fixation
RO, b Ay At A BT SRAE B A5 rh S5 77 vk 2 DA DG 1Y
{ﬁﬁ %[11][31] [41]~[44] ( @3 )

points to locate the environmental elements that the participant
looked at (Fig. 2). These elements were further compared with the
evaluation results of the RCS to calculate the cumulative fixation
frequency of each type of element. The elements of higher fixation
frequency were considered the restorative components within the
investigated environment'' 1P (Fig 3

SWRITS /163 LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS 081
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3.3 Research Site Selection

Due to a lack of reference adopting similar methods, this
study proposed its own metrics in research site selection—a
street of 300 ~ 1,000 meters (considering that the participants
should finish the questionnaire in 3 ~ 5 minutes), with clear
starting and end points, and the types and elements of frontage
can be easily identified. The Guokang Road was selected: as
a commuting urban street along which there are a number of
educational, research, and administrative workplaces (Fig. 4),
it stretches for 720 meters, taking 8 minutes to walk through,
and the streetscape is largely defined by greenery and fences,
with a few shops in its middle section (separated from the the
lanes by hedges). Further, based on the locations of bus stops
and the frontage types along the street, as well as a preliminary
site investigation, a 380-meter-long section where the working
people visit most frequently was chosen for this experiment. This
section covers all typical frontage types of the street, and allows
participants to finish the questionnaire while walking through it
within 5 minutes (Fig. 5).

3.4 Participant Selection
Participants recruited on-site on Guokang Road for this
experiment were workers aged between 25 and 55, who are

4 ERELR
5. W= (HERR:
BEME. BEHR)

4. The real environment of
Guokang Road

5. The research site (Map
sources: Baidu Map,
Baidu Streetscape)

o1 0 EFRE

VOLUME 8/ISSUE 4 / AUGUST 2020



SRS /18X

@
2

ARG, “BHEF
R IERRTRAEE
M RMH T HRIXE

@

“Valid samples” in this
study are those with
completed evaluation

®2: 25EARERHSTEEME (n=25)

Table 2: Significance values by ANOVA analyses on the participants (n = 25)

B3 E1 E2 E3 F1 F2 F3 F4 F5 C1 Cc2 C3 C4

0.388 | 0.693 | 0.513 | 0.513 | 0.329 | 0.950 | 0.807 | 0.980 | 0.489 | 0.053 | 0.515 | 0.880 | 0.150

LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

0.010 | 0.268 | 0.417 | 0.208 | 0.896 | 0.262 | 0.519 | 0.259 | 0.142 | 0.297 | 0.350 | 0.113 | 0.303

TEESESIER, results and participants’ B1 B2
2 HBFUESEIINSER individual information.

TRESHMRA, B @  Despite device 251 0.730 | 0.884
RN RAERTE calibration and Gender
BR, AR EIR adjustment, the capture
IR DA REFTE ratio for different i 0497 | 0.399
BRER, participants may still Age

vary because the eye

trackers are also TS

subject to outdoor light 0ccupati_onal 0.398 | 0.987

and wireless signals. | professional

information

0.26 | 0.746 | 0.284 | 0.133 | 0.322 | 0.653 | 0.953 | 0.062 | 0.263 | 0.964 | 0.753 | 0.693 | 0.757
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prone to mental fatigue and pressure””’. Considering that in a
safe environment, people might perceive higher restorativeness
when they are alone®"!, only single passers-by were selected.
In the end, totally 15 males and 16 females participated in the
experiment; 19 of them are occupationally / professionally
associated with planning, landscape design or architecture. 29

valid samples® were finally collected.

3.5 Experiment Process

The experiment was carried out during lunch hours
(11:00 ~ 14:00) from May 6 to 10 (all were working days) in
2019, the weather was sunny with moderate temperature and
good air quality. Participants were asked to test and calibrate
the eye tracker before the experiment. During the formal
measurement, the participants were required to walk casually
through the street, accompanied with a researcher asking them
the RCS survey questions while walking behind them to avoid
visual distractions. The eye tracker started recording videos as

the survey began, and ended when it was finished.

4 Data Analyses

The data of the 29 completed RCS questionnaires were
verified in internal consistency”. The ANOVA analyses (in terms
of gender, age, and occupational / professional information)
revealed that no difference was found in the competence of
restorativeness perception among the participants, proving that
the data were valid and reliable (Table 2). The capture ratio
for eye movement of the 29 participants ranged from 2%
to 90%?, with an average of 53% (SD = 28.5%), and those
under 20% were eliminated, referencing previous research®.

Finally, 25 valid samples were retained.
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Table 3: The evaluation results of RCS on the streetscape restorativeness of the selected section (n = 25) SR HEE
=EH (B) ERE (E) BAME (F) &M (C) 6. The percentage of the
Being-away (B) Extent (E) Fascination (F) Compatibility (C) cumulative fixation
frequency for each
B1 B2 B3 E1 E2 E3 F1 F2 F3 F4 F5 c1 c2 c3 c4 streetscape element
FHAEEF
PSS
Mean score | 324 | 3.32 | 2.60 | 4.48 | 416 | 3.44 | 260 | 272 | 3.04 | 2.84 | 3.16 | 3.48 | 412 | 484 | 3.80
of each sub-
construct
HHEEF
PSS
Mean score 3.05 4.03 2.87 4.06
of each

construct
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10.54%

8.52%

26.25%

4.1 Restorativeness of the Streetscape of the Selected Section
The questionnaire results (Table 3) showed that the
participants’ evaluation on the restorativeness of the street
section was moderate (with an overall average of 3.50 points).
Among the 4 constructs, “being-away” (3.05 points) and
“fascination” (2.87 points) scored lower than “extent” (4.03
points) and “compatibility” (4.06 points). The low score in
“being-away” may result from that the street is surrounded
by workplaces and the walking might evoke the participants’
commuting and working experience, especially affected their
scoring in the sub-construct associated with “responsibility
and obiligation” (B3, 2.60 points). In addition, the scores of all
the 5 sub-constructs in “fascination” were low—particularly
in “curiosity to the street environment” (F1, 2.60 points)
and “desire to explore the environment” (F2, 2.72 points)—
because the monotonous streetscape of the selected section less
encouraged the participants to look at or stay in.

0.04%
0.03% [ %48 Greenery B E# Fences
| A People [ sk Slight height variations
A Walls B 44T Electric line poles
[ A% cars [ EEE%E Motorcycles
H17% Bicycles B w5 cydists
B =% Buildings B == sky

39.33%
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construct
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According to the
classification standard
of the training model
used in semantic
segmentation, “"people”
here refers to people
standing, walking, or
sitting. "People” and
“cyclists” thus are
two different types of
streetscape elements.
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4.2 Identification of Restorative Streetscape Elements

With coordinates recorded by the eye tracker, the fixation
points were positioned in each video frame, and 12 types of
streetscape elements related to people’s restorative experience
were identified through semantic segmentation and by screening
out “road” and “sidewalks”—they took a larger proportion
in the whole image that might impact the results (Fig. 6). The
results showed that the top 3 elements that participants looked
at were “greenery” (39.33%), “people”® (26.25%), and “walls”
(10.54%), followed by “cars” (8.52%), “bicycles” (5.42%),
“buildings” (4.47%), “fences” (2.61%), and “slight height
variations” (1.57%).

4.3 Influencing Mechanism of Streetscape Elements on
Restorative Constructs

The researchers divided each video into 4 segments by the
participants’ evaluation to each construct, and audited the
percentage of fixation frequency for each streetscape element
in each segment, in order to identify the influencing elements to
each construct and the corresponding mechanism. The results
showed a significant variety in the influence degree (Fig. 7):

~ © s
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“greenery” was the most frequently recorded fixation element
during the evaluation of “being-away” (33.19%), “extent”
(42.61%), and “fascination” (43.03%), showing the highest
effect on restorativeness. For the construct of “compatibility,”
“people” (31.57%) was more important than “greenery”
(27.18%), because “compatibility” measures the satisfaction
degree of a street environment to people’s needs, and streets
are main places accommodating citizens’ social interactions"”
“Walls,” “buildings,” and “fences” were the most influencing
elements to the constructs “being-away,” because the greenery
can be seen through the fencing-walls along the selected section;
besides, a group of red-brick college buildings on the one side
are distinctively attractive, which can arouse the working
group’s memories and affections to their school life"””’. The

sum percentage of fixation frequency of “cars” and “bicycles”
increased significantly during the evaluation of “extent”
compared with the other 3 constructs. This is because according
to the connectedness and scope defined as 2 sub-items of
“extent”"®, “cars” and “bicycles” are “passing-through” elements
that temporarily occur in a streetscape and may decrease the

participants’ restorativeness perception of the streetscape’’.

4.4 The Positive and Negative Effects of Restorative Streetscape
Elements

Assisted with SPSS 26.0, the Pearson correlation analysis
between the evaluation results and the proportion of fixation
frequency of each element revealed the positive or negative
effects on restorativeness perception. Results showed that
“slight height variations” and “greenery” would help augment
participants’ restorative experience, while “bicycles,” “fences,”

2 < % <

“buildings,” “walls,” “cyclists,” and “cars” would decline such
an experience to varying extents (Table 4). Compared with the
other elements with high fixation frequency shown in Figure

6, the element of “people” presented neither evident positive

nor negative correlation with any construct, which might be
explained by different evidences by existing empirical studies:
some argue that the restorativeness perception on “people”
depends mainly on whether the investigated environment is
safe—being in a safe environment, the participant can get better
restorative experience when the place is less crowded”'**I™”);
others hold that the characters of participants determine their
perception of “people,” which would influence their restorative
experience in the environment"’!. For another interesting finding,
“cyclists,” though positively correlating to “pressure from others’
demands and expectations” (B2) and negatively to “continuous
environment” (E3), did not get a high fixation frequency in this

experiment.
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F4: SEREREHBEFETOEEZEXNERTE (n=25)

Table 4: The streetscape elements with significant correlation to the restorativeness of the selected section (n = 25)
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(positive correlated)
BHE%B‘?{?@'{'&% (fuAE) E1(0.003), E1(0.004), F1(0.018), F2 (0.016), C2(0.038), £310.017) F1 (0.040)
Inhibited sub-constructs E2 (0.000) E2(0.011) F4(0.020), E3 (0.038) €310.011) : :
(negatively correlated)

i*
p=0.05; ESHEFAEXMMTEENE.

NOTE
p = 0.05; the given figures in the brackets are the significance values of sub-constructs.
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5 Conclusion and Discussion

In recent years, the restorative potential of street
environment has attracted increasing attention of the
academia”®¥!, but systematic research on the restorative
elements is absent. In response to the urgent needs of daily
restorative environment against the current backdrop of high-
density urban development, this study attempted to examine the
restorativeness of urban streets as an everyday place for citizens,
and explored the relations between the intangible restorativeness
perception and the tangible streetscape elements by combining
qualitative and quantitative methods, so as to inspire design
practices to improve the restorativeness of streetscapes.

The study found that “greenery” was the focal streetscape
element when participants were evaluating the restorativeness,
indicating that “greenery” played an important role in providing
restorative experience within streetscapes, corroborating
the significant restorativeness of green natural elements
proved in previous studies™ """, Further analyses in this study
manifested that the importance and influential mechanism of
different streetscape elements on the 4 ART constructs varied,
including the significant influence of “greenery” on “being-
away,” “fascination,” and “extent,” the influence of “people”
on “compatibility,” and the increasing influence of “cars” on
“extent” and “compatibility.” All these findings may support
landscape planning and design practices with an empirical basis
for targeted restorativeness in specific cases.

2 <

However, except for “greenery,” “people,” and “cars,” there
has been no existing research paying attention to the other 9
elements or drawing similar conclusions to this study. This may

be due to the lack of existing research on the street environment,
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and the failure of the “questionnaire-and-eye-tracking
survey” method in describing the qualitative attributes of

316162 Therefore, it is

streetscapes (e.g. complexity, openness
necessary to establish a restorativeness evaluation framework
which examines both physical and qualitative attributes of
streetscape elements. In addition to RCS, future analysis may
also adopt more scales from other related theories to expand
the research domain of streetscape restorativeness. Linking
self-reporting perception and technical identification of
physical environment, this method can also be applied to other
environmental psychology studies.

The research methods and technologies employed in this
study need to be improved in the future: the investigated
street mainly serves commuters and the streetscape is
homogeneous in frontage type and form; as the participants’
perceptions might vary with street characteristics and types
(e.g. commercial streets, landscape streets), the influence
distributions among the 4 constructs of the adapted RCS may
change accordingly. Therefore, the conclusion in this study is
not yet widely applicable, and more diverse restorativeness
improvement strategies to varied street environment are
required. The study did not eliminate the contribution of the
proportion of each element in a participant’s vision to the
percentage of their fixation frequency (p = 0.05), thus causing
errors in identifying the restorative streetscape elements.

It should be avoided in future research through improved
experimental methods for more accurate identification of the
correlations of restorative streetscape elements with high-
frequency fixation points.

In conclusion, this study reinforces the significance of daily
urban environment in providing restorative experience for
citizens by focusing on street environment. Manifesting the
positive and negative effect of different street elements on the
restorative experience, the findings of this study would offer
guidance for the design practice that improves restorativeness
performance of different street environments. This study also
evidences the social potential a street environment should
perform but now has less been explored or recognized, as well
as that many other urban places can also offer restorative

experience for people as what natural environment does. LAF
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This paper is partly based on Yin Yuting, the first author’s doctoral dissertation “Towards Delivering
Restorative Street Design Principles in Shanghai, China” at The University of Sheffield.
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