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Abstract: This study investigates the psychological restorative benefits of indoor vertical greenery
and its relationship with visual satisfaction. Taking the Solar Decathlon China 2018 champion project
“LONG-PLAN” as the experimental field, we conducted a questionnaire survey to evaluate the
effect of indoor vertical greenery on creating a restorative environment. Then we further studied the
relationship between the restorative environmental factors and visual satisfaction of indoor vertical
greenery. The results show that: (1) Indoor vertical greenery has a positive impact on the subjective
restoration of respondents (the average value of PRS = 4.150). (2) The three factors of “being away,”
“fascination and compatibility,” and the “extent” of environmental restoration have a significant
positive correlation with the visual satisfaction of indoor vertical greenery (the correlation coefficient
values are 0.403, 0.627, and 0.425, respectively, p < 0.01). (3) In the stepwise regression analysis of the
three factors and the visual satisfaction of indoor vertical greenery, only “fascination and compatibil-
ity” show a significant positive correlation (the regression coefficient = 0.753, p < 0.01). (4) The visual
satisfaction of indoor vertical greenery has a significantly positive impact on environmental recovery
(the regression coefficient = 0.459, p < 0.01). The study shows that indoor vertical greenery improves
visual satisfaction and contributes to a restorative environment. In addition, the study provides
further evidence of the mutual facilitation between restorative benefits and visual satisfaction.

Keywords: indoor vertical greenery; restorative environment; attention restoration theory;
healing design

1. Introduction

The rapid development of society and the accelerated pace of life have led to various
psychological problems. Studies have shown that indoor greenery helps relieve stress
and benefits health [1]. The emergence and application of indoor greenery can be traced
back to the 15th century. The cross-communication within Eurasia facilitated the spread of
tropical plants to Europe, and plants were only moved indoors to survive the winter. In
the mid-20th century, greenhouse technology matured and provided favorable physical
conditions such as light quality for the healthy growth of indoor plants, which promoted
the widespread use of indoor greenery [2]. Given the phenomenon of people’s long-term
aesthetic preference for natural features, environmental psychologists explain it mainly
based on evolution theory. The biophilia hypothesis states that natural features tend to
trigger the liking and attention of human beings [3]. Based on this evolutionary hypothesis,
nature is beneficial in alleviating stress and mental fatigue and provides the so-called
restorative experience [4]. The demand for a restorative environment is not exclusively for
patients but also for general health [5]. In light of the pandemic of COVID-19, isolation
within cities, communities, and homes further highlights the ongoing concern regarding
healthy indoor environments.
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1.1. Overview of Restorative Environment Research

Passive or active contact with nature can provide various positive health benefits.
Therefore, the evaluation of the health benefits of built landscapes is gradually becoming a
trending topic in the field of landscape design research. Since the 21st century, the number
of empirical studies on the health benefits of natural landscapes has proliferated. The
existing research on health benefits can be divided into that on the objective environment
and subjective psychology. In the objective environment, the research focuses on evaluating
Objective Environmental Quality (IEQ) standards corresponding to physical health, such
as air quality, thermal comfort, acoustic comfort, and visual comfort [6]. In subjective psy-
chology, the research focuses on the subjective psychological evaluation of environmental
users’ well-being and emotional health [7,8], and few studies have explored their specific
psychological impact mechanisms.

Secondly, the research on health benefits has a wide range of environmental and spatial
scales [9], which can be divided into those for outdoor and indoor environments. Research
on the health benefits of outdoor space shows that trees, forests, and other urban natural
elements help people reduce stress and improve cognitive performance [10]. In addition,
college students’ active participation in green space activities can regulate their emotions
and reduce pressure [11]. The research on indoor health benefits shows that an office or
a ward decorated with green plants provides better health benefits [12,13], promotes the
recovery of disease and stress [1], and increases positive emotions [14]. In addition, a
green indoor environment facilitates working productivity [15]. In other words, the natural
environment has the characteristics of a restorative environment, which can provide people
with a series of positive physiological and mental health benefits.

1.2. Research Progress of Restorative Environment

Abundant researches and practices on the restorative environment have been pro-
gressing worldwide. A restorative environment refers to an environment that promotes
people’s health and well-being [16]. It separates “health” from the traditional medical field
and extends it to a multifaceted and generalized health. Based on the theories of atten-
tion restoration theory (ART) [17] and stress recovery theory (SRT) [18], researchers have
developed the Perceived Restoration Scale (PRS) [19] and Restorative Components Scale
(RCS) [20] for subjective mental health evaluation of a restorative environment. Among
them, this paper focuses on the research and application of ART, which was formally
proposed by the Kaplans in the 1980s. ART mainly elucidates the restorative benefits
of the natural environment from the level of cognitive health and proposes four typical
characteristics of restorative environments: “being away,” “fascination,” “compatibility,”
and “extent” [21]. The theory provides a theoretical basis for the study of restorative
environmental benefits. Although research findings in environmental psychology have
proliferated in recent years, there is a lack of attention on the residential environment
in terms of architectural design disciplines. Existing studies have focused on the health
benefits of outdoor natural environments [22,23], and few studies have included the indoor
environment of buildings as an object of study. Although some scholars have proposed
that the research results on restorative environments should be applied to the practical
design of indoor environments, there are few pieces of literature to implement in practice,
except the recent research by Xu et al. [24].

1.3. Study on Influencing Factors of Restorative Environmental Restoration Benefits

For the research on the influencing factors of the restorative benefits of a restorative
environment, more and more scholars have paid attention to the relationship between
the objective environment and subjective psychology. For example, many studies have
explored the relationship between the perceived restorative benefits of restorative envi-
ronments and a variety of subjective factors such as behavior, mood, cognition, attention,
and well-being [25,26], as well as the specific effects that different restorative environments
have on people. A small number of studies have discussed the deeper psychological mech-
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anisms underlying the restorative benefits of rehabilitative environments for people [27].
In addition to environmental characteristics, there are differences in the impact of people’s
psychological mechanisms on health. Studies have found that people perceive the natural
environment to be more aesthetically pleasing than the built environment, resulting in
emotional improvement and higher concentration levels [28]. In addition, naturalistic
gardens are perceived to have more restorative benefits than geometric gardens because
naturalistic gardens are regarded as more visually appealing, which further facilitates
environmental restoration [29]. It can be seen that people’s evaluation of the restorative
benefits of the restorative environment is affected by the evaluation of subjective visual
beauty. However, the question of exactly how the evaluation mediates the potential for
environmental restoration, and how its role influences the design of indoor health environ-
ments, has still not been thoroughly investigated. Therefore, this paper will further explore
the relationship between the benefits of a restorative environment and visual satisfaction.

In summary, the health benefits of the natural environment have received widespread
attention from researchers. However, most studies have focused on outdoor spaces while
neglecting the benefit potential of indoor green spaces, and the mechanisms of influence
between environmental recovery and environmental elements have rarely been explored
in depth. As the most frequently used space for people’s daily study, work, and life,
the indoor space has a subtle influence on people’s mental health. At the same time,
since the characteristics of the indoor environment are more closely related to people’s
visual perception, it is meaningful to study the influence of an indoor green restorative
environment on people’s health benefits. Moreover, exploring the relationship between the
restorative environment and people’s satisfaction with visual effects is conducive to the
design guidance of indoor environments and human health and well-being.

This paper explores whether green plants in the indoor environment can provide
restorative benefits for human health and their relationship with visual satisfaction based
on attention recovery theory (ART). We took “LONG-PLAN” as an example to evaluate the
restoration of indoor vertical greenery through questionnaires combined with a single field
experience and virtual image comparison. In addition, the correlation between environ-
mental restoration factors and visual satisfaction with indoor vertical greenery was studied
based on SPSS quantitative analysis to promote the project’s iterative design. Then, we
further explored interior landscape design principles and optimization measures, expecting
to guide the design of more psychologically sustainable urban living environments.

2. Materials and Methods
2.1. Experimental Settings

The experimental site “LONG-PLAN” (Figure 1) was the winning project of Solar
Decathlon China 2018 (SDC2018), the aim of which was to advocate for sustainable housing
design by examining the sustainable performance of each entry in architecture, engineering,
marketing, and energy. Situated in a high-density urban context, LONG-PLAN inherited
the narrow–long shape and the emblematic light well from the bamboo house, a historical
dwelling typology prevalent in tropical and subtropical Asia. Taking advantage of the
inherent merits of its architectural morphology, in LONG-PLAN, three parallel stripes of
space—one each for systems, service functions, and living functions—ran from front to
back to obtain spatial efficiency as necessary in the extreme spatial proportion. Meanwhile,
three vertical light cores were rhythmically interpolated, together with the space stripes
optimizing the microclimate performance, including natural ventilation, daylighting, and
thermal regulation [30].

Two of the three vertical light cores integrated a vertical greenery system and later
became the setting for the experiment in this study. The core closer to the kitchen adopted
an aquaponic system to grow fish and edible plants, while the largest and more ornamental-
oriented core at the center was openable to become an open-air atrium. Both interior
landscapes merged into daily living that was beyond a flat scenery (Figure 2).
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The research samples consisted of 60 participants who visited the LONG-PLAN at
least once. There were 24 males and 36 females aged 18–24 years, with an average age of 20.
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2.2. Research Design

Unlike the general way of controlling experiments, such as building a small unit
module or laboratory room, the experimental site of this study is in a real habitable house.
Specifically, we selected the living room, green patio, and dining room on the first floor
of the LONG-PLAN as fixed points (Figure 3), and each indoor scene has vertical green-
ery systems within the range of sight. These three scenes are in different locations in a
long interconnected space, with similar dimensions and visual connectivity. Before the
experiment, we first introduced the basic process of the experiment and the knowledge
of indoor vertical greenery to the participants. Then, we gave participants a brief fatigue
induction procedure—to imagine arriving at the house after a school course examination
and assuming that the room would be your daily living space. An experimental field study
of stress relief in an urban green space showed that significant mood changes have been
reported by participants after they took a 20-min leisure walk in an urban park and all
negative emotions were significantly decreased [31]. Therefore, drawing on that exper-
iment, in this study, each participant was assigned a scene by the staff and sat quietly
on the first floor for 20 min to experience the environment. To avoid interference from
other participants, only three participants and one staff member were allowed to share the
same space level in each round of the experiment. After observing the environment for
20 min, each participant came to the second floor of the LONG-PLAN and completed the
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questionnaire to evaluate the perceptual restoration benefits of the indoor vertical greenery.
Meanwhile, the next round of participants entered the first floor of the LONG-PLAN to do
the 20-min environmental experience. The purpose of setting up the environmental expe-
rience and questionnaire filling process on two levels was to reduce mutual interference
between participants and to save the experiment time. Lastly, after the participants had
completed the questionnaires, we conducted a brief interview on their feelings about the
environmental experience (Figure 4).
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2.3. Questionnaire Setting

Vertical greenery can improve the aesthetic value of the indoor environment. Moreover,
the friendly interaction with nature may relieve individuals’ psychological stress. Based
on the above discussion on the research progress of health benefits and indoor restorative
environment, we hypothesized that:

(1) Indoor vertical greenery has a positive effect on the construction of an indoor restora-
tive environment.

(2) The restorative characteristic of indoor vertical greenery has a positive effect on
participants’ visual satisfaction.

(3) Participants’ visual satisfaction has no significant effect on the overall restorative
evaluation of indoor vertical greenery.

Based on the methodology of previous literature research, this study adopted single
response and rating scale items, and the specific item setting referred to the Chinese version
of the Perceived Restoration Scale (PRS) [32]. It was divided into three dimensions, namely,
“being away,” “fascination and compatibility,” and “extent,” and contained 22 items in
total. The scale was adjusted according to the specific situation of this project by deleting 6
items that did not fit the context of this project, merging 2 items with duplicate meanings,
converting 1 expression, and, finally, obtaining 15 items for this study (Appendix A). In
this way, the content of the scale could be more easily understood by the participants. The
Chinese version of the PRS and the scale of this project are shown in the Table A2. We
retained the three dimensions of the PRS: “being away,” “fascination and compatibility,”
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and “extent.” The score of each dimension was the average of the item scores on the 5-
point Likert scale. The higher the score on the scale, the more positive the physical and
psychological state response. In addition, we evaluated the participants’ visual satisfaction
with indoor vertical greenery to further explore the relationship between environmental
restoration and satisfaction.

2.4. Data Analysis Strategy

We preprocessed the collected questionnaire data in Excel and entered it into SPSS 25.0
for Windows software for statistical analysis. Since “extent” is an antonymous question
item, we processed the data by reversing the scoring, e.g., transforming all 5 points to 1
point and all 4 points to 2 points, etc.

Firstly, we analyzed the reliability and validity of the questionnaire. Secondly, we
calculated the average value and the standard deviation of each item and drew the box-
plot, which comprehensively reflects the overall evaluation of the restoration factors of
LONG-PLAN. Finally, we conducted correlation analysis and regression analysis on the
environmental restoration factors and visual satisfaction of indoor vertical greenery and
explored the influence relationship between them.

3. Results

The results demonstrated that:

(1) The participants have a relatively high evaluation of the restoration of indoor vertical
greenery, which means that indoor vertical greenery has a positive impact on users’
subjective restoration.

(2) The three factors of environmental restoration, “being away,” “fascination and compat-
ibility,” and “extent, “ are positively correlated with the visual satisfaction of indoor
vertical greenery.

(3) In the regression analysis of the three factors and the visual satisfaction of indoor
vertical greenery, only “fascination and compatibility” show a significant positive
correlation; the other two show no significant correlation.

(4) The visual satisfaction shows a significant positive effect on environmental restoration.

The specific analysis is as follows.

3.1. Reliability and Validity Analysis

The number of valid questionnaires was 60, and the recovery rate was 100%. The
results show that the values of Cronbach’s Alpha (reliability coefficient) are greater than
0.8 (Table 1), so the scale has high internal consistency, which could be regarded as good
reliability. Regarding “Cronbach’s Alpha if item deleted,” whichever item we removed from
the questionnaire, the reliability coefficient did not increase significantly. This indicates
that the item should not be deleted.

This questionnaire refers to the Chinese version of the perceptual recovery scale
(PRS) [32] with validity verified by previous literature research, so the content validity is
good. It can be seen from the correlation matrix that the correlation between each dimension
and the total score is higher than that between each dimension, indicating that the scale
has good structural validity (Table 2).

3.2. Overall Evaluation of PRS

The results of the overall evaluation of PRS are shown in Table 3. The dining room was
the most restorative environment of the different scenarios, followed by the living room
and green patio. The average value of PRS was 4.150, which is higher than 4, indicating
that the environmental restoration score of the indoor vertical greenery was relatively
high. The score of “extent” was the highest (4.304 ± 0.813), followed by “fascination and
compatibility” (4. 280 ± 0.659), and “being away” was relatively low (3. 758 ± 0.731)
(Table 3).



Buildings 2022, 12, 1267 7 of 15

Table 1. Reliability statistics.

Items Cronbach’s Alpha
If an Item Deleted Cronbach’s Alpha

(1) Visual satisfaction of the indoor vertical greenery 0.889

0.896

Being Away

(2) It keeps me away from a lot of stress in real life. 0.885
(3) It’s a lot different from the environment I’m exposed to in my
daily life. 0.895

(4) When I’m here, I don’t have to ponder over my responsibilities. 0.905
(5) Staying here gives me a good break from my daily chores. 0.895

Fascination and
Compatibility

(6) This environment gives me a novelty. 0.882
(7) I can see, listen, feel and ponder over a lot of things here. 0.892
(8) My attention is drawn here. 0.885
(9) It makes me feel comfortable here. 0.883
(10) Living here, I can do what I like. 0.886
(11) I want to stay here longer. 0.884
(12) It can evoke my recollection or imagination. 0.897

Extent

(13) I think this environment is boring. 0.886
(14) I think the environment is very monotonous. 0.888
(15) I feel like it’s chaotic here. 0.888
(16) I’m going to feel very upset here. 0.892

Table 2. Pearson correlation between dimensions and the general score of PRS.

The General Score Being Away Fascination and Compatibility Extent

The General Score 1
Being Away 0.759 ** 1

Fascination and Compatibility 0.916 ** 0.616 ** 1
Extent 0.781 ** 0.379 ** 0.583 ** 1

Note: ** p < 0.01.

Table 3. Total and dimensional scores of PRS.

Scene
Sum (n = 60)

Dining Room (n = 17) Living Room (n = 22) Green Patio (n = 21)

Being Away 3.912 ± 0.795 3.682 ± 0.583 3.714 ± 0.826 3.758 ± 0.731
Fascination and
Compatibility 4.370 ± 0.649 4.390 ± 0.473 4.089 ± 0.807 4.280 ± 0.659

Extent 4.340 ± 0.750 4.364 ± 0.685 4.167 ± 0.988 4.304 ± 0.813
Score of PRS 4.226 ± 0.631 4.145 ± 0.456 3.990 ± 0.709 4.150 ± 0.599

The boxplot represents the central tendency, the skewness, and the trend of data
distribution through the median, quartiles, and interquartile range to comprehensively
understand the participants’ evaluation of the restoration and visual satisfaction of indoor
vertical greenery. As seen from the box plot, the ratings of the four question items of “being
away” were generally high. Except for the first question and the third question, where
there existed individual respondents who rated 1, all of them were 3–5 (Figure 5a); the
seven question items of “fascination and compatibility” were highly rated overall, with
the ratings of the first six questions concentrated between 4–5 and the last one 3–4, but
there existed individual ratings of 1 and 2 (Figure 5b); “extent” was reverse scored, and
the ratings of the first three question items were high overall, mostly 3.5–5 points, but the
rating of the 4th question was more scattered, except for the main focus on 5 points, 1–4
points had a scattered distribution (Figure 5c). The average score of the evaluation of the
visual satisfaction of indoor vertical greenery was more significant than 4, which was high
overall (Figure 5d).
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To sum up, from the analysis results of the descriptive analysis and box diagram, it
can be seen that the participants generally scored relatively high on the restoration of the
indoor vertical greenery. In other words, the indoor vertical greenery positively impacts the
construction of the indoor restorative environment, which can verify hypothesis 1. Further-
more, from the dimension, participants have the highest evaluation of the “extent.” That is
to say, indoor vertical greenery has a good effect on improving the “extent” characteristics
of the restorative environment. It can attract people’s spontaneous attention and bring a
positive psychological impact. Our study also verifies the results of relevant studies [33]; a
green environment can induce positive emotions and help restore attention.

3.3. Relationship between PRS and Visual Satisfaction of Indoor Vertical Greenery
3.3.1. Pearson Correlation Analysis

We utilized Pearson correlation analysis to study the relationship between the “visual
satisfaction of the indoor vertical greenery” and “being away,” “fascination and compatibil-
ity,” and “extent,” respectively.

The specific analysis shows that: the correlation coefficient values of “visual satisfac-
tion of the indoor vertical greenery” and “being away,” “fascination and compatibility,”
and “extent” were 0.403, 0.627, 0.425, respectively. All present significance at a 0.01 level
(Table 4). Therefore, the visual satisfaction of the indoor vertical greenery has a significant
positive correlation with the three dimensions, verifying hypothesis 2.
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Table 4. Pearson correlation analysis between the three dimensions of PRS and visual satisfaction of
indoor vertical greenery.

Visual
Satisfaction Being Away Fascination and

Compatibility Extent Scores of PRS

Visual Satisfaction 1
Being Away 0.403 ** 1

Fascination and Compatibility 0.627 ** 0.588 ** 1
Extent 0.425 ** 0.365 ** 0.584 ** 1

Scores of PRS 0.606 ** 0.759 ** 0.916 ** 0.780 ** 1

Note: ** p < 0.01.

From the perspective of specific items, except for item 3 “When I’m here, I don’t have
to ponder over my responsibilities,” which did not show a significant correlation with the
visual satisfaction of indoor vertical greening, the other 14 items had a positive correlation
(Figure 6).
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3.3.2. Regression Analysis

• Stepwise Regression

We took “being away,” “fascination and compatibility,” and “extent” as independent
variables and took “visual satisfaction” as a dependent variable for stepwise regression anal-
ysis. After automatic model identification, there was only “fascination and compatibility”
left in the model. The model formula is:

visual satisfaction = 0.811 + 0.753 ∗ Fascination and Compatibility (1)

The R-square value was 0.393, which means that the model explains 39.3% of the
fitted data in the regression model. Moreover, the model passed the F-test (F = 37.568,
p = 0.000 < 0.05), indicating that the model is effective. The regression coefficient of “fascina-
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tion and compatibility” was 0.753 (t = 6.129, p = 0.000 < 0.01), which means that “fascination
and compatibility” have a significant positive impact on the visual satisfaction of indoor
vertical greenery (Table 5). This result also verifies hypothesis 2.

Table 5. Results of stepwise regression analysis (n = 60).

Unstandardized
Coefficients

Standardization
Coefficient t p VIF R2 Adjusted

R2 F
B SE Beta

Constant 0.811 0.532 - 1.524 0.133 -
0.393 0.383

F (1, 58) = 37.568
p = 0.000Fascination and Compatibility 0.753 0.123 0.627 6.129 0.000 ** 1.000

Note: Dependent variable: visual satisfaction, Durbin–Watson value: 1.238, ** p < 0.01.

• Linear Regression Analysis

We took the visual satisfaction as the independent variable and the scores of PRS as
the dependent variable for linear regression analysis. As can be seen from Table 6, the
model formula is:

Scores of PRS = 2.294 + 0.459 ∗ visual satisfaction (2)

Table 6. Results of linear regression analysis (n = 60).

Unstandardized
Coefficients

Standardization
Coefficient t p VIF R2 Adjusted R2 F

B SE Beta

Constant 2.294 0.325 - 7.057 0.000 ** -
0.368 0.357

F (1, 58) = 33.729,
p = 0.000Visual Satisfaction 0.459 0.079 0.606 5.808 0.000 ** 1.000

Note: Dependent variable: Scores of PRS Durbin–Watson value: 1.942, ** p < 0.01.

The R-square value of the model was 0.368, which means that the model explains
36.8% of the fitted data in the regression model. During the F-test of the model, it was
found that the model passed the F-test (F = 33.729, p = 0.000 < 0.05), which means that the
visual satisfaction has an impact on the scores of PRS. The final specific analysis shows
that the regression coefficient of visual satisfaction was 0.459 (t = 5.808, p = 0.000 < 0.01),
which means that the visual satisfaction has a significant positive impact on environmental
recovery (Table 6). It proves that hypothesis 3 is not tenable.

4. Discussion

Previous research on restorative environments primarily focused on the restoration
benefits of healing landscapes such as medical spaces. In modern high-density urban
environments, where people spend most of their time indoors [34], a restorative interior
should serve as an important spatial means of regulating and alleviating mental health
conditions. In this context, this paper argues that research on the restorative benefits of
daily living places is necessary, i.e., to investigate how environmental characteristics benefit
mental and physical health.

The results of this study reveal that people show a stronger preference for indoor
environments with natural elements such as vertical greenery, which have a positive impact
on mental health. In the results, each of the three factors of restoration “being away,”
“fascination and compatibility,” and “extent” has a significant positive correlation with
the visual satisfaction of indoor vertical greenery. However, when the three factors are
taken as independent variables to study their relationship with the visual satisfaction of
indoor vertical greenery, only “fascination and compatibility” show a significant positive
correlation. The results with the largest contribution to the dimension of “fascination
and compatibility” are consistent with the results of Ye et al. on the relationship between
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outdoor environmental restoration and preference [32]. In addition, in the final interviews
of this study, most participants’ first impression of the indoor vertical greenery was the
sense of nature and refreshment. Moreover, they were surprised by the novelty of this
natural experience and also by its visual appearance, as they had not had such a natural
visual and living experience in their dwellings before. In other words, an indoor living
environment with vertical greenery is more attractive than one without greenery. It can be
seen that the indoor vertical greenery environment attracts people’s attention by improving
the freshness of the architectural landscape environment to a great extent. Furthermore, it
also enhances the feeling of being physically and mentally integrated with the environment,
thus enhancing the healing benefits of the environment and improving the comfort and
satisfaction of people’s experience in the environment. In turn, increased satisfaction can
significantly improve environmental restoration. That is, vertical greenery is effective as a
visual feature of the indoor environment and has great potential to create a restorative envi-
ronment. It supports psychological recovery by linking architecture and nature, drawing
directed attention, and evoking aesthetic experiences.

Therefore, a restorative interior can be designed from the perspective of improving
the attractiveness of the landscape by focusing on the healing environmental characteristics
of “fascination and compatibility”, thus improving visual satisfaction and environmental
restorative benefits. Our work provides supporting evidence for the design hypothesis
and validates Dijkstra et al.’s research conclusion [4]. Based on the results of this study,
the following points can be noted in the design of indoor vertical greenery to improve
the attractiveness of indoor vertical greenery, thus enhancing the restorative benefits and
improving visual satisfaction.

(1) Select more attractive types of indoor vertical greenery. Firstly, designers should
take into account the plant richness, color, texture, and other factors to create a more
attractive and better visual effect of indoor vertical greenery. Secondly, combined
with the interview results, vegetable edible plants are more popular than other plants
in terms of plant categories; therefore, the application of edible plants in indoor
vertical greenery can be strengthened. Finally, designers should combine the physical
conditions of specific spatial locations to select vegetation with corresponding growth
conditions, such as choosing light-loving vegetation types in locations with good
natural lighting and ventilation to ensure the optimal vegetation growth effect.

(2) Optimize the spatial experience of indoor vertical greenery. Indoor vertical greenery
should be set up with an emphasis on space size, lighting factors, and other conditions.
In the case of good basic physical conditions, try to set it at the sight corridor between
the family activity center and each space, and leave a certain viewing distance. The
area of indoor vertical greenery should be as large as possible to form a shocking
visual impact and optimize the landscape effect. In this regard, vertical greenery
devices have more vital visual advantages and great potential for physical interaction
between users and the greenery due to the inevitable vertical layout. Therefore, some
auxiliary facilities can be installed near indoor vertical greenery to provide a sense of
natural experience and a stress-relieving resting place for close contact.

In the face of the growing challenge in the relationship between habitat and health, de-
sign will no longer be the endpoint but an important intermediate in the cycle of “research–
design–evaluation–improvement–research” [35]. As mentioned above, the biophilic hy-
pothesis explains the beneficial effects of natural elements on mental health. Biophilic
design enhances people’s ability to recover from mental and physical stress by improving
the quality of the space environment and meeting people’s healthy psychological needs in
the process of imitating nature [33]. This study shows indoor vertical greenery is one of the
effective applications of biophilic design theory on an architectural scale. This study also
presents a design tool for architects based on the subjective perceptions of users based on
PRS. Designers can better understand the interactions between people and indoor greenery.
Our work also helps designers to apply the perception of a restorative environment to the
improvement of physical spaces by selecting biophilic design features to alleviate stress



Buildings 2022, 12, 1267 12 of 15

and anxiety. In addition, this study provides evidence of the mental health-promoting
benefits of biophilic design in indoor environments, which enrich the theoretical and prac-
tical results for the research on the restorative environment of indoor vertical greenery. In
addition, there are some research limitations in this study. The sample size is relatively
small due to manpower and time constraints, and future studies can further increase the
sample size to enhance the predictive power of the model.

5. Conclusions

With the background of social development and an accelerated pace of life, this study
focuses on the benefits of passive interaction between people and indoor greenery from a
restorative perspective to explore the social potential of indoor vertical greenery. Taking
“LONG-PLAN” as an example, this paper uses a questionnaire survey and quantitative
analysis based on SPSS to evaluate the impact of indoor vertical greenery on creating
a restorative environment. Then we further investigate the relationship between the
restorative environmental factors and visual satisfaction of indoor vertical greenery.

The results show that: (1) The respondents have a high score on the restoration
of indoor vertical greenery environment; that is, indoor environmental greenery has a
positive impact on users’ subjective restoration. (2) The three factors of “being away,”
“fascination and compatibility,” and “extent” of environmental restoration have a significant
positive correlation with the visual satisfaction of indoor vertical greenery. (3) In the
regression analysis between the three factors and the visual satisfaction of indoor vertical
greenery, only “fascination and compatibility” shows a significant positive correlation. The
correlation between the other two is not significant. Therefore, as an environmental element
affecting mental health, vertical greenery plays a positive role in creating a restorative
environment. (4) The visual satisfaction of indoor vertical greenery significantly impacts
environmental restoration. Therefore, we should focus on the environmental characteristics
of “fascination and compatibility” to create a restorative indoor space. It helps attract
people’s attention by improving the freshness of the architectural landscape environment,
which enhances the restorative benefits of the environment and improves the comfort and
satisfaction of people’s experience in the environment.

The innovation of this study lies in the following aspects: firstly, this paper adopts
an experimental method based on the experimental scenario of daily life and the passive
interaction between people and indoor green plants as the basis for the environmental
behavior experience. This method is different from most of the previous studies that used
virtual photos or created a square experiment room for control group experiments, which
leads to a more direct and immersive investigation on people’s emotions and makes the
experimental results more convincing. Secondly, this study uses a quantitative approach to
explore the relationship between environmental restorative factors and satisfaction with the
visual satisfaction of indoor vertical greenery, which helps to assist in design optimization
decisions. In the context of healthy architecture, this study has implications for the design
and optimization of indoor landscapes and the design of more psychologically sustainable
urban living environments.
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Appendix A

Questionnaire

Assuming that this house would be your daily living space, rate the following descrip-
tions on a scale of 1 to 5 based on your personal feelings. 1 means completely inconsistent
and 5 means completely consistent.

(Note: Please do not take time to deliberate when answering, just go with the flow
and answer according to your reaction.)

Table A1. Questionnaire on the restoration benefit and visual satisfaction of LONG-PLAN’s indoor
vertical greenery.

Items

Visual Satisfaction 1( ) 2( ) 3( ) 4( ) 5( )

Being Away

1. It keeps me away from a lot of stress in real life. 1( ) 2( ) 3( ) 4( ) 5( )
2. It is a lot different from the environment I am exposed to in my daily life. 1( ) 2( ) 3( ) 4( ) 5( )
3. When I am here, I do not have to ponder over my responsibilities. 1( ) 2( ) 3( ) 4( ) 5( )
4. Staying here gives me a good break from my daily chores. 1( ) 2( ) 3( ) 4( ) 5( )

Fascination and Compatibility

5. This environment gives me novelty. 1( ) 2( ) 3( ) 4( ) 5( )
6. I can see, listen, feel and ponder over a lot of things here. 1( ) 2( ) 3( ) 4( ) 5( )
7. My attention is drawn here. 1( ) 2( ) 3( ) 4( ) 5( )
8. It makes me feel comfortable here. 1( ) 2( ) 3( ) 4( ) 5( )
9. Living here, I can do what I like. 1( ) 2( ) 3( ) 4( ) 5( )
10. I want to stay here longer. 1( ) 2( ) 3( ) 4( ) 5( )
11. It can evoke my recollection or imagination. 1( ) 2( ) 3( ) 4( ) 5( )

Extent

12. I think this environment is boring. 1( ) 2( ) 3( ) 4( ) 5( )
13. I think the environment is very monotonous. 1( ) 2( ) 3( ) 4( ) 5( )
14. I feel like it’s chaotic here. 1( ) 2( ) 3( ) 4( ) 5( )
15. I’m going to feel very upset here. 1( ) 2( ) 3( ) 4( ) 5( )

Table A2. The Chinese version of the Perceived Restoration Scale (PRS).

Items

Being Away

1. Spending time here gives me a break from the expectations of people. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
2. It keeps me away from a lot of stress in real life. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
3. It’s a lot different from the environment I’m exposed to in my daily life. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
4. When I’m here, I don’t have to ponder over my responsibilities. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
5. Staying here gives me a good break from my daily chores. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )

Fascination and
Compatibility

6. This environment gives me novelty. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
7. There is a certain commemorative significance here. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
8. I can see, listen, feel and ponder over a lot of things here. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
9. Staying here, I often find something unexpected. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
10. The setting has fascinating qualities. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
11. My attention is drawn to many interesting things. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
12. I feel myself integrated here. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
13. Living here, I can do what I like. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
14. I want to stay here longer. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
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Table A2. Cont.

Items

15. I have a sense that I belong here. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
16. In this environment, I can notice many things with no effort. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
17. It can evoke my recollection or imagination. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )

Extent

18. I think this environment is boring. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
19. I think the environment is very monotonous. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
20. There is too much going on. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
21. I feel like it’s chaotic here. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )
22. I’m going to feel very upset here. 1( ) 2( ) 3( ) 4( ) 5( ) 6( ) 7( )

Note: The sections of the blue font (i.e., the referenced item1, 7, 9, 15, 16, and 20) were removed, and the sections
of the red font (i.e., the referenced item 10, 11, and 12) were combined or paraphrased.

References
1. Lohr, V.I.; Pearson-Mims, C.H.; Goodwin, G.K. Interior plants may improve worker productivity and reduce stress in a windowless

environment. J. Environ. Hortic. 1996, 14, 97–100. [CrossRef]
2. Tu, L.F.; Li, W.J.; Li, Y.; Kuang, P. Indoor Greenery and Inner Courtyard, 2nd ed.; China Architecture & Building Press: Beijing, China,

2003; pp. 4–5.
3. Kellert, S.R.; Wilson, E.O. Biophilia, Biophobia, and Natural Landscapes. In The Biophilia Hypothesis, 1st ed.; Kellert, S.R., Wilson,

E.O., Eds.; Island Press: Washington, DC, USA, 1993; pp. 88–90.
4. Dijkstra, K.; Pieterse, M.E.; Pruyn, A. Stress-reducing effects of indoor plants in the built healthcare environment: The mediating

role of perceived attractiveness. Prev. Med. 2008, 47, 279–283. [CrossRef] [PubMed]
5. Day, C. Environment and health. In Spirit & Place: Healing Our Environment, Healing Environment, 1st ed.; Architectural Press:

Oxford, UK, 2002; p. 181.
6. Al Horr, Y.; Arif, M.; Kaushik, A.; Mazroei, A.; Katafygiotou, M.; Elsarrag, E. Occupant productivity and office indoor environment

quality: A review of the literature. Build. Environ. 2016, 105, 369–389. [CrossRef]
7. Gillis, K.; Gatersleben, B. A Review of Psychological Literature on the Health and Wellbeing Benefits of Biophilic Design. Buildings

2015, 5, 948–963. [CrossRef]
8. Gifford, R. Environmental Psychology Matters. Annu. Rev. Psychol. 2014, 65, 541–579. [CrossRef]
9. Bringslimark, T.; Hartig, T.; Patil, G.G. The psychological benefits of indoor plants: A critical review of the experimental literature.

J. Environ. Psychol. 2009, 29, 422–433. [CrossRef]
10. Tyrväinen, L.; Ojala, A.; Korpela, K.; Lanki, T.; Tsunetsugu, Y.; Kagawa, T. The influence of urban green environments on stress

relief measures: A field experiment. J. Environ. Psychol. 2014, 38, 1–9. [CrossRef]
11. Holt, E.W.; Lombard, Q.K.; Best, N.; Smiley-Smith, S.; Quinn, J.E. Active and Passive Use of Green Space, Health, and Well-Being

amongst University Students. Int. J. Environ. Res. Public Health 2019, 16, 424. [CrossRef]
12. Nieuwenhuis, M.; Knight, C.; Postmes, T.; Haslam, S.A. The Relative Benefits of Green versus Lean Office Space: Three Field

Experiments. J. Exp. Psychol. Appl. 2014, 20, 199. [CrossRef]
13. Raanaas, R.K.; Patil, G.G.; Hartig, T. Effects of an Indoor Foliage Plant Intervention on Patient Well-being during a Residential

Rehabilitation Program. Hortscience 2010, 45, 387–392. [CrossRef]
14. Larsen, L.; Adams, J.; Deal, B.; Kweon, B.S.; Tyler, E. Plants in the workplace the effects of plant density on productivity, attitudes,

and perceptions. Environ. Behav. 1998, 30, 261. [CrossRef]
15. Jumeno, D.; Matsumoto, H. The Effects of Indoor Foliage Plants on Perceived Air Quality, Mood, Attention, and Productivity. J.

Civ. Eng. Archit. Res. 2016, 3, 1359–1370.
16. Hartig, T.; Evans, G.W.; Jamner, L.D.; Davis, D.S.; Gärling, T. Tracking restoration in natural and urban field settings. J. Environ.

Psychol. 2003, 23, 109–123. [CrossRef]
17. Kaplan, S. The restorative benefits of nature: Toward an integrative framework. J. Environ. Psychol. 1995, 15, 169–182. [CrossRef]
18. Ulrich, R.S.; Simons, R.F.; Losito, B.D.; Fiorito, E.; Miles, M.A.; Zelson, M. Stress recovery during exposure to natural and urban

environments. J. Environ. Psychol. 1991, 11, 201–230. [CrossRef]
19. Hartig, T.; Korpela, K.; Evans, G.W.; Gärling, T. A measure of restorative quality in environments. Hous. Theory Soc. 1997, 14,

175–194. [CrossRef]
20. Laumann, K.; Gärling, T.; Stormark, K.M. Rating scale measures of restorative components of environments. J. Environ. Psychol.

2001, 21, 31–44. [CrossRef]
21. Cohen, S. Aftereffects of stress on human performance and social behavior: A review of research and theory. Psychol. Bull. 1980,

88, 82–108. [CrossRef]
22. Mitchell, R. Is physical activity in natural environments better for mental health than physical activity in other environments?

Soc. Sci. Med. 2013, 91, 130–134. [CrossRef]

http://doi.org/10.24266/0738-2898-14.2.97
http://doi.org/10.1016/j.ypmed.2008.01.013
http://www.ncbi.nlm.nih.gov/pubmed/18329704
http://doi.org/10.1016/j.buildenv.2016.06.001
http://doi.org/10.3390/buildings5030948
http://doi.org/10.1146/annurev-psych-010213-115048
http://doi.org/10.1016/j.jenvp.2009.05.001
http://doi.org/10.1016/j.jenvp.2013.12.005
http://doi.org/10.3390/ijerph16030424
http://doi.org/10.1037/xap0000024
http://doi.org/10.21273/HORTSCI.45.3.387
http://doi.org/10.1177/001391659803000301
http://doi.org/10.1016/S0272-4944(02)00109-3
http://doi.org/10.1016/0272-4944(95)90001-2
http://doi.org/10.1016/S0272-4944(05)80184-7
http://doi.org/10.1080/02815739708730435
http://doi.org/10.1006/jevp.2000.0179
http://doi.org/10.1037/0033-2909.88.1.82
http://doi.org/10.1016/j.socscimed.2012.04.012


Buildings 2022, 12, 1267 15 of 15

23. Tsunetsugu, Y.; Lee, J.; Park, B.-J.; Tyrväinen, L.; Kagawa, T.; Miyazaki, Y. Physiological and psychological effects of viewing
urban forest landscapes assessed by multiple measurements. Landsc. Urban Plan. 2013, 113, 90–93. [CrossRef]

24. Huang, S.Q.; Xu, L.Q.; Chen, Z. Healing landscape of living room: VR study on the health benefits of indoor and window scenery.
New Archit. 2019, 23–27. [CrossRef]

25. Han, K.T. Influence of passive versus active interaction with indoor plants on the restoration, behaviour and knowledge of
students at a junior high school in Taiwan. Environ. Behav. 2009, 41, 658–692. [CrossRef]

26. Raanaas, R.K.; Evensen, K.H.; Rich, D.; Sjøstrøm, G.; Patil, G. Benefits of indoor plants on attention capacity in an office setting. J.
Environ. Psychol. 2011, 31, 99–105. [CrossRef]

27. Wang, X.J. Study on Restorative Effect and Mechanism of Restorative Environment. Master’s Thesis, Shaanxi Normal University,
Xi’an, China, 2015.

28. van den Berg, A.E.; Koole, S.L.; van der Wulp, N.Y. Environmental preference and restoration: (How) are they related? J. Environ.
Psychol. 2003, 23, 135–146. [CrossRef]

29. Twedt, E.; Rainey, R.M.; Proffitt, D.R. Designed Natural Spaces: Informal Gardens Are Perceived to Be More Restorative than
Formal Gardens. Front. Psychol. 2016, 7, 88. [CrossRef]

30. Wang, Y.C.; Zhao, Y.P.; Xu, A.J.; Guan, J.R. Long-Plan, Texas, China. World Archit. 2019, 110–113. [CrossRef]
31. Aziz, N.A.A.; Shian, L.Y.; Mokhtar, M.D.M.; Raman, T.L.; Saikim, F.H.; Chen, W.; Nordin, N.M. Effectiveness of urban green space

on undergraduates’ stress relief in tropical city: A field experiment in Kuala Lumpur. Urban For. Urban Green. 2021, 63, 127236.
[CrossRef]

32. Ye, L.H.; Zhang, F.; Wu, J.P. Compilation of restorative environment scale. Chin. J. Health Psychol. 2010, 18, 1515–1518.
33. Wang, J.; Dai, S.S. Discussion on healthy indoor psychological environment design based on American well standard. Eco-City

Green Build. 2018, 20–25. Available online: http://www.cnki.com.cn/Article/CJFDTotal-DNGN201804005.htm (accessed on 15
December 2021).

34. United States Department of Labor. American Time Use Survey (ATUS). Available online: http://www.bls.gov/tus/ (accessed
on 10 May 2021).

35. Li, S.H.; Liu, C.; Yao, Y.N.; Zhan, H.A. Research frontier of rehabilitation landscape: Hot topics and research methods. South
Archit. 2018, 4–10. [CrossRef]

http://doi.org/10.1016/j.landurbplan.2013.01.014
http://doi.org/10.12069/j.na.20190502
http://doi.org/10.1177/0013916508314476
http://doi.org/10.1016/j.jenvp.2010.11.005
http://doi.org/10.1016/S0272-4944(02)00111-1
http://doi.org/10.3389/fpsyg.2016.00088
http://doi.org/10.16414/j.wa.2019.01.034
http://doi.org/10.1016/j.ufug.2021.127236
http://www.cnki.com.cn/Article/CJFDTotal-DNGN201804005.htm
http://www.bls.gov/tus/
http://doi.org/10.3969/j.issn.1000-0232.2018.03.004

	Introduction 
	Overview of Restorative Environment Research 
	Research Progress of Restorative Environment 
	Study on Influencing Factors of Restorative Environmental Restoration Benefits 

	Materials and Methods 
	Experimental Settings 
	Research Design 
	Questionnaire Setting 
	Data Analysis Strategy 

	Results 
	Reliability and Validity Analysis 
	Overall Evaluation of PRS 
	Relationship between PRS and Visual Satisfaction of Indoor Vertical Greenery 
	Pearson Correlation Analysis 
	Regression Analysis 


	Discussion 
	Conclusions 
	Appendix A
	References

