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ABSTRACT

Natural environments can provide individual cognitive
benefits, and naturalness is often regarded as a valued
property of environment. This research focuses on the
visual perception of naturalness and investigates the impact
of waterscapes of varied naturalness levels on people’s
cognition, by proposing and verifying two hypotheses: 1)
subjective restoration varies across waterscapes of varied
naturalness levels; and 2] waterscapes of varied naturalness
levels affect people’s working memory accordingly.
Through a between-subjects experiment, participants

in this research were randomized into three experiment
groups (waterscapes of high, medium, and low naturalness
level] and the control group, and the Perceived Restorative
Scale and the Restoration Outcome Scale are introduced

to measure the subjective restoration of the environment.
The running memory accuracy, shifting cost, and Stroop
task indicators are used to measure an individual's working
memory. According to the characteristics of waterscapes of
varied naturalness levels summarized upon the research
and the findings on the corresponding cognitive benefits,
suggestions are concluded for optimizing resource
allocation and investments in landscape design practice,
as well as guiding visitors’ usage of waterscapes: 1)
waterscapes are recommended in spatial creation for their
productive cognitive benefits, if financial and ecological
conditions permit; 2) in terms of cognitive benefits,
waterscapes of high naturalness level are conducive to high
subjective restoration and enhanced inhibition function

of central executive system; 3) waterscapes of medium
naturalness level can lead to a relatively high subjective
restoration and improved updating function of central
executive system; and 4) waterscapes of low naturalness
level can bring about a better attention restoration and
better performance on shifting function of central executive
system.

KEYWORDS
Visual Perception; Naturalness; Waterscape; Cognition;
Subjective Restoration; Attention; Working Memory
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1 Introduction

Human cognition refers to individuals’ perception, memory, reasoning, and
imagination towards things and realities and is mainly measured by indicators
in restoration, attention, and working memory. Perceived attention can be
evaluated with different sorts of scales'"; while working memory—the ability
to temporarily maintain and manipulate information during the execution

of cognition tasks—is commonly measured through classic experimental
paradigms such as N-back and Stroop'. As urbanization accelerates, there is
an increase in research proving that natural environments can benefit human
health” much of which focuses on cognitive benefits'*!. It has been proven
that natural environments are conducive to facilitating attention restoration
and learning, preventing cognitive impairment, stimulating imagination and
creativity, and enhancing inhibitory and persistent self-control”"""l. However,
natural environments can affect individuals’ cognition in both ways: while
improving short-term memories, it weakens people’s attention networks such
as declining executive control, orienting, and alerting'*.

Naturalness is often regarded as a highly valued property of
environment''?, In Environmental Psychology, subjective scoring is a
frequently adopted approach in research on the impact of environments with
varied perception of naturalness on cognition from different perspectives.
Weng Peiyi et al. found that environments with different development levels
trigger the respondents’ perception of naturalness to varying degrees, and the
perception degree is significantly correlated to the four sub-dimensions of the
Perceived Restorative Scale (PRS), namely Being away, Extent, Fascination,

13 . .
[ J. Among various natural environments, waterscapes work

and Compatibility
better to enhance cognition than mere green spaces''. According to a study

on visual behavior characteristics and cognitive evaluation of different types of
forest landscape spaces, waterscapes, especially dynamic waterscapes, work better
in terms of average gaze time and overall satisfaction''". Cognitive processing of
natural environments is associated with lower attentional and cognitive load, and
waterscapes (such as rivers, lakes, and sea) were particularly perceived as much
more relaxing than urban scenery'"”.

Although scholars have studied the impact of waterscapes on people’s cognition,
little research explores the correlations among waterscapes, naturalness, and
cognition. However, waterscapes require considerable investment of manpower,
materials, and funds for construction and maintenance. Project investors and
managers often perplex about whether waterscapes, or which types of waterscapes
should be constructed.

This research focuses on visual perception of naturalness (“naturalness”
hereafter) and investigates the impact of waterscapes of varied naturalness levels
on people’s cognition, by verifying two hypotheses: 1) subjective restoration varies

across waterscapes of varied naturalness levels; and 2) waterscapes of varied

naturalness levels affect people’s working memory accordingly. The findings of
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Table 1: Demographics of the participants in each group

A&
a5 2] kg IR
Groups Number of Male Female | Average age
P participants 9¢ ag

BEAEKRA
Waterscapes of high 34 17 17 20.24
naturalness level
FEREKEA
Waterscapes of medium 36 16 20 20.42
naturalness level
REREKSA
Waterscapes of low 35 14 21 20.40
naturalness level
bR I
st A 30 14 16 20.35
Urban streetscapes
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this research would guide public usage of waterscapes to improve their cognition,
improve resource allocations in project investment and management, and inform future

waterscape design and construction.

2 Methodology

2.1 Experiment Design

Through a between-subjects experiment, participants in this research were
randomized into three experiment groups (waterscapes of high, medium, and low
naturalness level, Group W1, W2, W3) and the control group (urban streetscapes,
Group S). Each participant took part in the experiment independently to avoid inter-
subject influence.

Before the experiment, the participants were informed about the purpose,
procedures, discomfort, and confidentiality of the experiment. During the experiment,
the participants were firstly instructed to complete a cognition pre-test via a mobile
application and then randomly divided into different groups. All participants watched
the corresponding experimental materials for 5 minutes before they filled out the
PRS and Restoration Outcome Scale (ROS). Finally, they were asked to complete the
cognition post-test via the same mobile application. Both cognition pre-test and post-
test, each about 25 minutes long, are batteries of running memory, digital shifting, and

Stroop tasks. In total, the experiment takes about 1 hour per participant to finish.

2.2 Participants

Conforming to related ethical standards, all 137 participants recruited online/
offline signed the informed consents and got paid fairly. All participants should
be physically and mentally healthy, have received no psychiatric treatment or
psychological counseling, or suffered from any organic lesions or brain trauma. A
total of 135 participants (61 males and 74 females) finally selected, all of which were
undergraduate and graduate students between 18 and 25 years old, 20.35 on average

(Table 1).

2.3 Experiment Materials

Studies have proven that videos, static pictures, and slides are effective substitutes
of authentic environments''®'. In this research, PowerPoint slides presenting pictures—
sourced from Scene Gist''”, LabelMe®, online or taken onsite by the researchers—
are used as stimuli. Morphological characteristics of waterscapes were taken into
consideration when selecting pictures for each experiment group. The candidates
were sorted into 7 categories, namely fountains/sprays, waterfalls, ditches, streams/
rivers, ponds/lakes, wetlands, and seas. The proportion of each category was kept
roughly equivalent and covering all naturalness levels. After a three-month-long photo
collection and selection, 308 pictures were obtained. In the further screening, after
ranking the pictures into high, medium, and low naturalness levels (considering natural
characteristics and artificial intervention degree®), a total of 56 representative pictures

were obtained, 16 ~ 22 for each rank.
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1. AARFEAFLRORERE: & 1.
(E1-1). % (E1-2, ;NE0JB
SR BSR4 IS
ARE) K (E1-3, REBEEE
TR EBIEAERSIEMTERS
W) BAREKSAE, UREmHESA
(BN-4) &K,

Typical pictures presented in the research: waterscapes
of high (Fig. 1-1], medium (Fig. 1-2, Playa Vista Central
Park in Los Angeles, California, the USA, designed by 0JB
Landscape Architecture), and low (Fig. 1-3, Landscape of
Sheshan Xiyue Demonstration Zone in Shanghai, China,
designed by L&A Design] naturalness level groups, and
urban streetscapes group (Fig. 1-4).

1) BEZEBiFNLabelMeZGEREE () For more information on the database, please visit the
To Rk o official website of LabelMe.

Q@ BRPKSEAFUERATITREE 2 In the photo screening, the evaluation criteria adopted
MFHIERE: KEEHREE. & to grade the natural characteristics of and artificial
;M. BRERE, BREKEBR / intervention degree over the waterscapes include: water
FREE. BEQRYNE / THEG transparency, water mobility, form of waterfront, lushness
FIMNERIE . IEIRsBR / AL of vegetation, presence/absence and appearance of
2, artificial structures, and natural/artificial environment from

foreground to background in pictures.

The researchers then launched an online survey on wjx.cn after synchronizing
the resolution and size of the selected pictures. The respondents were required
to self-assess their subjective perception on naturalness of the environment in
these pictures by scoring with the Likert Scale (1 for low naturalness and 5 for
high). A total of 141 valid questionnaires were collected. After calculating the
average score of each picture, the researchers worked out the difference between
the highest and lowest scored pictures, and divided it by 3 to find the threshold
of the high, medium and low ranks. Then, by ensuring that no data fall on the
threshold and that the proportion of each range was balanced, the thresholds for
three ranks are (3.95, 4.76] for high, [2.83, 3.95] for medium, and [1.71, 2.83)
for low. Accordingly, there are 22 pictures in the high-naturalness rank, 18 in
the medium-naturalness rank, and 16 in the low-naturalness rank. In addition,
streetscape pictures synchronized with the same resolution and size but containing
no waterscape were selected for the control group. These pictures are featured
with representative urban living or working scenarios of built environments, such
as roads and squares.

Finally, aiming at covering most waterscape categories and keeping the smallest
standard deviations, 16 pictures were eventually selected in each rank. The
pictures were presented in form of PowerPoint slides, as stimuli for the experiment
(Fig. 1). To ensure a significant attention restoration outcome, the viewing period

1l 1" in this experiment were set referring

for each picture"” and total duration
from previous research: each picture is presented twice in a random order, 8 ~ 9 s per
time, and the total duration last about 5§ minutes. The display screen was

15.75 cm x 21.60 cm in size.

2.4 Experiment Indicators
2.4.1 Subjective Indicators

PRS and ROS were adopted to assess the four core interrelated factors of an
environment with subjective restoration, namely Being Away, Extent, Fascination,

and Compatibility.
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1) Being Away, meaning that the environment at least in principle, frees one
from daily routines so that a sense of being away can come about. By getting
distance geographically or psychologically (i.e. getting distracted) or some mix
of the two, one could escape from the pressures of responsibilities, obligations,
pursuits, and goals, thus achieve subjective restoration. 2) Fascination, can be
brought up by the contents in the environment that are aesthetically pleasing,
capable of drawing effortless attention that is likely to be resistant to fatigue, thus
support subjective restoration. 3) Extent, refers to the environment that is rich and
coherent in contents and structures, which may take up a substantial portion of the
available room in one’s head, allowing for the relief of directed attention fatigue.
It is a function of connectedness and scope: with connectedness, one can relate
the immediately perceived elements or features of the environment as coherent
cognitive maps; and a substantial scope adds conceptual domain and meanings
to the maps. 4) Compatibility means that the purposive and required activities
informationally supported by the environment well match individuals’ goals or
inclinations, thus resonate with them.?"*"

Therefore, PRS measures the subjective restoration of an environment by 4
subscales, corresponding to each factor”™*!!, The Chinese version of PRS has been
proven its consistency reliability and generally coherent in evaluating the restorative
qualities of urban parks®*. The scale consists of 22 items and a seven-point Likert
Scale, where 1 indicates the lowest consistency and 7 indicates the highest.

The ROS™?, developed based on the attention restoration theory and previous
measures, is a widely accepted, effective instrument to study subjective restoration
outcomes of the environment**, It comprises 6 items from 3 subscales, namely
attention restoration, clearing one’s thoughts, and relaxation and calmness, with
only one item for attention restoration. This is a seven-point Likert Scale that
requires the participants to rate their degree of feelings, 1 indicates “not at all”

and 7 indicates “completely.”

2.4.2 Objective Indicators

Working memory performs through the updating, shifting, and inhibiting
process of the central executive system. These functions are considered relatively
independent and can be measured by different indicators®’. A smartphone
application™ developed by Li Xuebing et al. was used for the pre-test and post-test
to measure the effect of the stimuli on working memory (Table 2). The application
works on Android system only.

(1) Running memory task

Running memory task can test the updating function of central executive
system. To keep their memory updated, the participants were firstly presented
with 5 ~ 9 random digits, 1,000 ms per display with 800 ms as intervals, and then
instructed to recall the last 4 digits once the last number vanished. The task trial
would repeat for 14 times and only be counted as “correct” when all 4 digits
were filled in correctly. Running memory accuracy = correct trials / total task
trials x 100%.
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Table 2: Indicators for working memory of central executive system
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(2) Digital shifting task

Shifting task can characterize the shifting function of central executive
system, which requires the participant to shift between two or more simple tasks.
Typically, digital shifting task involves three phases—repeated value comparison,
repeated parity telling, and shifts between these two—and 32 digits were
presented in each phase. In Phase I, the participants need to compare 5 to the
value of the randomly presented digit—ranging from 1 ~ 9 but excluding 5—and
hit the left button when the digit is bigger and the right otherwise. In Phase II, with
the same setting, hit the left button for odd digits and the right for even ones. In
Phase III, the participants were asked to do the value comparison task when the
digit is blue and the parity telling task when the digit is yellow.

In this research, shifting cost—the difference in reaction time between the
repetitions (i.e. Phase I and II) and shifts—was adopted as the indicator to
measure the performance of digital shifting task. Shifting cost = average reaction
time in Phases IlI-(average reaction time of Phase I + average reaction time of
Phase II) / 2. The better the performance, the smaller the shifting cost.””!

(3) Stroop task

Stroop task can measure the inhibition function of central executive system.
Digital variant, a classic Stroop task paradigm, was introduced. This task involves
phases of the baseline and the conflict and each presents 40 characters or digits.
In the baseline phase, presented with a string of characters, the participants were
instructed to enter the amount of characters as quickly as possible (for example,
enter “3” if “XXX” was presented). In the conflict phase, a string of digits was
presented, and the participants were asked to enter the amount of digits as soon
as possible (for example, press “3” if “111” was presented). Before the formal
task, all participants were required to go through 10 exercise sessions.

The Stroop effect and the accuracy rate of both phases were indicators for
the Stroop task. Stroop effect is the difference in the reaction time between
the two phases: the higher the Stroop effect score, the worse the inhibition

function.

2.5 Data analysis

The SPSS Statistics 25 and MS Office Excel were employed for data sorting,
statistics, and analyses, i.e. the single factor analyses of variance for all subscales
of PRS and ROS, and the repeated measures analyses of variance for each

cognitive indicator in pre- and post-tests.

3 Findings

3.1 PRS Results

Single factor analyses of variance shows significant differences between
the experiment groups and the control group in all subscales: Being Away
F (3, 131) = 12.9, p = 0.000; Fascination F (3,131) = 10.7, p = 0.000; Extent
F (3,131) = 2.6, p = 0.052; and Compatibility F (3, 131) = 15.6, p = 0.000 (Fig. 2).
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The LSD (least significant difference) post hoc test discloses that in terms
of Being Away, Group W1 scored significantly higher than both Group W3
(p = 0.005) and Group S (p = 0.000), and a marginally significant variance is found
between Group W2 and Group S (p = 0.055). Regarding Fascination, Group W1
scores significantly higher than Group W2 (p = 0.019), W3 (p = 0.009), and
S (p = 0.000); Group S scores significantly lower than Group W2 (p = 0.001) and
W3 (p = 0.002); and there is no significant difference between Group W2 and W3.
As for Extent, both Group W1 (p = 0.032) and W2 (p = 0.022) score significantly
higher than Group S. In respect of Compatibility, Group W1 scores significantly
higher than Group W2 (p = 0.026), W3 (p = 0.016), and S (p = 0.000); and Group
S scores significantly lower than Group W2 (p = 0.00) and W3 (p = 0.00).

3.2 ROS Results
The single factor analyses of variance show no significant differences among the
experimental groups and the control group in attention restoration [F (3, 131) = 1.9,
p = 0.125)], but significant differences in clearing one’s thoughts [F (3, 131) =
3.4, p = 0.020)] and relaxation and calmness [F (3, 131) = 4.3, p = 0.006)] (Fig. 3).
The LSD post hoc tests prove that the score of Group W3 is significantly higher
than Group W2 (p = 0.033), and marginally higher than Group S (p = 0.058)
in terms of attention restoration. As for clearing one’s thoughts, Group S scores
significantly lower than Group W1 (p = 0.005) and W3 (p = 0.010). Concerning
relaxation and calmness, Group S scores significantly lower than W1 (p = 0.001),
W2 (p =0.022), and W3 (p = 0.003).

3.3 Working Memory Task Outcome
The repeated measures analyses of variance about the accuracy of running

memory tasks show no significant main effects on naturalness or time point, and a

ROS#HM&
ROS Score

DHE 0 DYE
— . Subscale - . R Subscale
Pt BN 133 xR ARNKRE pikiovs 4 )i e/SCRE
Being Away Fascination Extent Compatibility Attention Clearing one’s Relaxation and
restoration thoughts calmness
BEREKSA PEREKSA BEREKRSA hEREKSA
. Waterscapes of high naturalness level . Waterscapes of medium naturalness level . Waterscapes of high naturalness level . Waterscapes of medium naturalness level
REREKRE WiHRA REAREKRE WiHRA
. Waterscapes of low naturalness level Urban streetscapes ﬁ . Waterscapes of low naturalness level Urban streetscapes ﬁ
) °
*p <005 **p <001 2 *p <005 *p <001 3
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significant interactive effect between these two influences (Table 3). Further simple-
effect analyses evidence that Group W2 scores significantly higher in post-tests than
the pre-tests (p = 0.001), meaning that waterscapes of medium naturalness level can
significantly promote the participants’ working memory task accuracy (Fig. 4).

With regard to shifting cost, there established significant main effects on time
point but not on naturalness, nor significant interactive effect between these two
influences (Table 4). Further simple-effect analyses show that the post-tests of both
Group W3 (p = 0.027) and Group S (p = 0.001) score lower in the pre-tests. The
lower the shifting cost, the better the shifting performance. The results suggest
that stimuli for Group W3 and S significantly improved the participants’ shifting
function (Fig. 5).

In terms of the Stroop effect, there showed no significant main effect on
naturalness or the time point, nor significant interactive effect between these two
factors (Table 5). Further simple-effect analyses show that Group W1 scores lower
in post-tests than in pre-tests (p = 0.013), suggesting that waterscapes of high
naturalness level facilitated the inhibition function (Fig. 6).

As regards the accuracy rate of baseline and conflict phases in Stroop tasks,
neither significant main effect nor significant interactive effect is displayed,
indicating that a 5-minute-PowerPoint stimulation may be not enough to affect the

accuracy rate of Stroop task.
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4 Discussions

4.1 Analyses of PRS and ROS Results
4.1.1 PRS Result Analysis

In PRS, the results of Being Away and Extent are comparable: both can be better
perceived by participants in waterscapes of high naturalness level than in urban
streetscapes; waterscapes of medium naturalness level can arouse these two senses to
some extent; there is no significant difference between waterscapes of low naturalness
level and urban streetscapes. The above results could be explained by the fact that
waterscapes of high naturalness level are least seen in people’s daily scenarios, and are
environments with contents and structures of sufficient scope to engage the mind"'", In
contrast, the effect of waterscapes of medium and low naturalness level are less obvious.

The results in Fascination and Compatibility show that both factors are rated the
lowest in the control group, suggesting that waterscapes across varied naturalness
levels all have the properties of fascination and compatibility. It could be that
fascination was an inherent characteristic of waterscapes, as a type of natural
environments"', Moreover, waterscapes can combine with specific programs and
activities to meet people’s various use demands. Such results are consistent with the
findings of Ahmed Hemi et al.*1?*

In general, waterscapes of high naturalness level perform the best subjective
restoration, performing significantly better than waterscapes of low naturalness
level in terms of Being Away, than urban streetscapes in respect of Extension, than
waterscapes of low and medium naturalness level in Fascination and Compatibility.
As for Being Away and Extent, waterscapes of medium naturalness level work
significantly better than that of low naturalness level and urban streetscapes. That is
to say, waterscapes of high naturalness level can lead to the best subjective restoration

outcome, followed by the waterscapes of medium and low naturalness level.

4.1.2 ROS Result Analysis

Waterscapes of low naturalness level perform significantly better than waterscapes
of medium naturalness level and urban streetscapes in terms of attention restoration;
both waterscapes of high and low naturalness level perform significantly better than
urban streetscapes in terms of clearing one’s thoughts; and all waterscapes perform
significantly better than urban streetscapes in terms of relaxation and calmness. The
results are consistent with the findings of Simone Grassini et al.""”!

Among the waterscapes groups, waterscapes of low naturalness level excel in all
three subscales, performing significantly better than urban streetscape and even than
waterscapes of medium level in attention restoration. Waterscapes of high naturalness
level were rated second, performing significantly better than urban streetscapes in

clearing one’s thoughts and relaxation and calmness.

4.1.3 Comparative Analysis of PRS and ROS Results
The PRS results show that waterscapes of high naturalness level ranked the first in

all four subscales of PRS, suggesting that the environments of high naturalness level
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might well meet with the subjective restoration properties of attention restoration
theory. However, the ROS results evidence that the restoration outcomes of
waterscapes of high naturalness level are not as satisfactory as expected, especially

in terms of attention restoration (Group W1 scored even lower than Group W3).
According merely to the total score of both scales, the results of this experiment does
not prove that “high subjective restoration leads to good restoration outcomes.”
In-depth analyses of each item lead to the conclusion that the shown correlations
between naturalness level and restoration in Being Away, Fascination, and
Compatibility seem to be in line with the shown correlation between naturalness level
and relaxation and calmness. In addition, group comparisons show that there is no
significant difference among the experiment groups and the control group in terms of

attention restoration.

4.2 Analyses of Working Memory Indicators

Concerning the variety of naturalness levels, participants in Group W1 generally
performed significantly better in the post-test than pre-test during the conflict phase
of Stroop task, i.e. the difference of reaction time between the conflict phase and
baseline was narrowed, meaning that waterscapes of high naturalness alleviated
the Stroop effect, helping enhance the inhibition function. Such progress could be
achieved through senses of relaxation and calmness aroused by waterscapes of
high naturalness level and allow for better mind relax. Waterscapes of medium
naturalness level significantly boosted running memory task accuracy, suggesting that
they can improve the updating function of central executive system. Waterscapes of
low naturalness level and urban streetscapes significantly reduced the shifting cost,
possibly because they can reinforce the shifting function.

The results above are consistent with the ROS results on waterscapes of low
naturalness level, as they performed the best in terms of attention restoration. It is
worth noting that urban streetscapes also caused a significant plummet in shifting
cost, indicating that artificially built urban streetscapes share some similarities with
waterscapes of low naturalness level, which keep the shifting function activated.

Apart from that, the stimuli show no significant impact on working memory
measured by other indicators. According to the chart of mean value graph of Stroop
effect in pre- and post-tests, waterscapes of low naturalness level bring an upturn in
the effect, which is consistent with previous results of declining attention networks'*!
(Fig. 6).

The research results of PRS, ROS, and working memory tasks possibly because
they all can somehow impact the internal mechanism of cognition enhancement. Both
PRS and ROS are developed on attention restoration theory, which points out that
the natural environment can support recovery from attention fatigue and working

memory can be improved by training'.
4.3 Characteristics of Waterscapes of Varied Naturalness Levels and Related Design

Suggestions

Sorted by the online survey, although the low-naturalness rank of waterscape

VOLUME 9 /ISSUE 5/ 0OCTOBER 2021



HKFAEAR) [ IRBEAKCE P i U] o FAR K SRl rh, Tl iy )
. BT . AR . R EeE s R AR LS R A AR EALK
SEAHLL, TN HOA BT R R AR A AR RIS BUR B,
WY AR . B IEEINA

5 FARBEK SR I AR, Ag e AR L ML RER; A
WAL, HEY) . REFARICR T A5 ESFNE . Hrp R
BA NG, (AWA PRGN ———k M7 b, B A By
WHMAWEERETT; 75—k PRSI A SRR/, JF B
WK ESRE R AR S . o AR I T N TR B iR
WL, RSN, . HECR, AR AN THFIRENE, H
BRAIE AN T, R IR AR P ERZBOK SR
ANTAERUATERS, I 2B AL R0 A

QAR , R E AR K SR SN AR T B TR A T B 2 TR
SPEEER, ELX R T RGN R DI REA B A4 TR, NIk, A UK
SERIDKN- | HRERRYE | O R s H A, et
PeFE i AARBEOK S A E R KK R e ik K e e Dhfedi Tt T
PRSCTEFEAR A AR LK 5

VAL S0 ek e e B S SR v T AR B A ) 11 AR BE AP 7K
SRR, AT LA SR SO IS 2%

4.4 ARREARKREE

XHFSRA R, SCE R FHPowerPointi B I R (9 7 20, AR TR
B OREAUBRSE . SRR R, P RIS S R R . AR AT
% JER A T BN SE 30 A B ROE BT T ik . A TR I, BEESK
PRI T RE 225 R RME A0 HE™, 3 Fh s [ JE PEAE A IS hOF AAS 24
o 53 ST SRR TR AR S A AT SR e Al 11, A
FERH T U105 . 2053 iy SEA Bk ], AR 9280 vh 2 304 b
IEARMBLRF 225, o] GRS T ) At B R P

MBFFELERATE , KA RBEK I A R S e A etk X —
SERATRE S HA X T A REEM FUE MG . PU/RYENE - B 255 A1)
DTSR, AT e . i DRI DR 4% 7 10T A AR B Ay B
i e A AR AT R X A 16 A S TR A T, AR RIS

ST /16 LANDSCAPE ARCHITECTURE FRONTIERS / PAPERS

pictures did not include seas, the other two ranks covered all waterscape categories,
the proportion of each varies though. In the high-naturalness rank, categories of
seas, ponds/lakes, streams/rivers, waterfalls, and wetlands account for a large ratio.
In the medium-naturalness rank, the share of seas is smaller. In the low-naturalness
rank, fountains/sprays account for a larger proportion, with other categories such
as ditches, waterfalls, streams/rivers, and ponds/lakes.

In the high-naturalness rank, there are entirely natural shallows or winding
rock or mud banks, surrounded by natural elements such as mountains, vegetation,
and sky, whereas islands and canyons are also seen in some of the pictures. Pictures
in this rank present no artificial structures with two exceptions: in one picture,
the structures on the bank were screened by mist; in the other, the structure in a
humble size is overwhelmed by its surrounding mountains and waterscape. Both
structures in the pictures are insignificant to the viewers. In the medium-naturalness
rank, artificial structures (e.g. buildings, pavilions, and bridges) are more visible,
especially the curving stone revetments with riparian vegetation. Most waterscapes
in the low-naturalness rank are restricted with artificial geometrical boundaries and
with regular plantings.

In this research, waterscapes of high naturalness level show more comprehensive
subjective restoration and significant restoration outcomes, and a stronger effect to
the inhibition function of central executive system. In design practice, waterscapes
of high naturalness level are recommended for the projects that attempt to improve
visitors’ attention restoration, clearing one’s thoughts, and relaxation and calmness,
while waterscapes of low naturalness level are advised for projects that support
improving visitors’ attention restoration and shifting function.

The characteristics of waterscapes of varied naturalness levels summarized upon
the online survey and the results of the experiment can be used as references for

related waterscape usage and design practice.

4.4 Limitations and Prospects

In this research, the stimuli are PowerPoint slides presenting static pictures,
thus less effective in ecological validity than videos, virtual reality, and authentic
environments. This can be alleviated through adopting new research methods in
the future. Existing studies evidence that getting too close to water bodies can

1 which is not supported by this research. In addition, although a

cause fear
S-minute stimulation was found effective in previous empirical research!"”, there
are also experiment cases that adopted longer stimuli duration such as 10 and
20 minutes””®", The shorter stimuli duration in this research might lead to the
insignificant differences in several indicators.

The research results suggest that waterscapes of low naturalness level cannot
arouse senses of being away and extent, possibly resulting from the participants’
preference on naturalness. A research by Silvia Corrado et al. proved that there is a
significant differentiation among children’s conceptualizations of the natural world
[32]

who live in different places (urban, rural mountain range, and rural agricultural)

Hence, the participants’ life experience and their familiarity with the waterscapes
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in the experiment was not studied in this research, which should be taken into
consideration in the future. Furthermore, the inconsistency between waterscape
qualities and the corresponding outcomes of subjective restoration might be caused
by the participants’ comprehension deviation on the Chinese version of scales, or
due to the scales’ imperfect in measuring experiment materials of highly similar
contents, which present varied naturalness levels though.

In this research, the stimuli for control group is featured with urban
streetscapes. Whether its replacement by quality architectural works would lead
to a different result on compatibility needs further investigation. The findings
that waterscapes of low naturalness level provided a better attention restoration
outcome and the correlation between naturalness and attention restoration
outcomes need to be further verified or explored.

According to attention restoration theory, natural environment can be
supportive of rendering one’s use of directed attention to involuntary attention'"),
which could be one of the reasons for enhanced working memory. Nonetheless,
this shared quality of all waterscapes cannot well explain the effect variety among
varied naturalness levels on different functions of central executive system. Further
research is expected on the correlations between naturalness and working memory.

In addition to the visual perception, waterscapes can be perceived through
other senses such as auditory, olfactory, and tactile senses. For example, Daniel
Parton et al. explored what acoustic parameters are related to human comfort
with 16 water sound samples of very different acoustic characteristics. They
found that information related to harmonics is behind the preferences, and the
sound of fountains with large waterfalls or jets produced a marked acoustic

: 33
aversion to humans[ !

, marked a significant role that sensory perceptions other
than visual could play in an individual’s cognition. Although this research presses
on cognitive benefits of waterscapes from visual perception only, efforts in multi-
sensory perception of waterscapes and related behaviors are expected in future

studies.

5 Conclusions

In this research, it is concluded that waterscapes across naturalness levels can
bring about senses of fascination, compatibility, and relaxation and calmness
better than urban streetscapes. Waterscapes of high and medium naturalness levels
have evidenced their qualities of being away and extent, and the former can also
significantly enhance the inhibition function while the latter work the best to
improve the updating function of central executive system. Waterscapes of low
naturalness level can contribute to attention restoration and boost the shifting
function of central executive system. Thus, theoretically, waterscapes of high and
medium naturalness levels demonstrate a better quality of subjective restoration
than those of low naturalness level. As for the restoration outcomes and their
impacts on working memory, waterscapes of varied naturalness levels would have

differentiated influence on different aspects of cognition accordingly.
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