kT buildings

Article

Effects of Volume Ratio, Layout and Leave Size of Indoor Plants
on Workers” Attention Recovery in Factory Staff Break Area

Zirui Fang "2, Hongpeng Xu 2, Lulu Tao 2, Yichen Tan 12, Yuqing Li 1"? and Jianmei Wu

check for
updates

Citation: Fang, Z.; Xu, H.; Tao, L.;
Tan, Y.; Li, Y.; Wu, J. Effects of Volume
Ratio, Layout and Leave Size of
Indoor Plants on Workers” Attention
Recovery in Factory Staff Break Area.
Buildings 2023, 13, 622. https://
doi.org/10.3390/buildings13030622

Academic Editor: Morten Gjerde

Received: 26 December 2022
Revised: 15 February 2023
Accepted: 21 February 2023
Published: 26 February 2023

Copyright: © 2023 by the authors.
Licensee MDPI, Basel, Switzerland.
This article is an open access article
distributed under the terms and
conditions of the Creative Commons
Attribution (CC BY) license (https://
creativecommons.org/licenses /by /
4.0/).

1,2,%

1 School of Architecture, Harbin Institute of Technology, Harbin 150090, China

Key Laboratory of Cold Region Urban and Rural Human Settlement Environment Science and Technology,
Ministry of Industry and Information Technology, Harbin 150001, China

*  Correspondence: wujianmei@hit.edu.cn

Abstract: A more efficient attention recovery of workers during their break time is essential for
achieving higher productivity and wellness. In recent years, the biophilic design that introduces
indoor plants has become one of the solutions to these problems. This study aims to determine the im-
pact factors and corresponding levels related to indoor planting design concerning workers” attention
recovery. Firstly, the volume ratio, layout, and leaf size of indoor plants and the corresponding levels
were put forward by a focus group study with ten participants. Secondly, the orthogonal experiment
method established nine virtual recovery scenarios based on characteristics extraction of staff break
areas in the factory. Thirdly, eighteen participants were guided to feel fatigued by experiencing the
sustained attention to response test to measure the baseline attention level of participants. Then,
participants rested in the virtual scenarios. Lastly, the attention test was conducted again to observe
participants” attention recovery degree. The difference values of participants’ sensitivity, reaction
times, and the number of correct responses between the two detection targets were applied to evaluate
the attention recovery. Results showed that the volume ratio of indoor plants had the most significant
effect on workers’ attention recovery; 3% by volume ratio, mixed floor and wall plants and floor
planting with large leaves were demonstrated as the optimal indoor planting design for attention
recovery.

Keywords: indoor planting design; workers’ attention recovery; factory staff break areas; volume
ratio; layout; leaf size

1. Introduction
1.1. The Need to Recover Workers” Attention Increased

Factory workers’ attention during working time is the main factor affecting produc-
tivity, which is also strongly influenced by workers’ physical and emotional well-being.
Fast-paced and repetitive tasks for an extended in an environment with monotonous vision,
poor lighting, and noise contribute to visual fatigue, negative emotion, and even distraction
and slow reaction [1,2]. The aforementioned adverse reactions were the main factors that
induced poor work quality and efficiency [3—-6]. While one in four workers worldwide
suffers from extreme fatigue, distracted attention, uncontrolled emotion, and mental dis-
ease [7], this phenomenon has resulted in relatively huge economic losses [8,9]. Based
on the above, researchers, supervision organizations, and consumers strongly require an
improved factory environment, mainly indoor environmental quality (IEQ) [10-12].

Many studies have investigated the factors that affect working quality and efficiency.
Existing studies have explored how workers’ fatigue and attention were impacted by work-
stations [2], scheduling jobs and breaks [5], and outdoor environments [13]. Furthermore,
previous studies [14] suggested that many types of suitable indoor environments could
have significant positive impacts on people. Gao and Zhang [15] found that six dominant
design features of indoor environments (e.g., nature, artwork, doorway position, furni-
ture layout, room size, and wall color) could impact inpatients” psychological well-being.
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Chang [16] found that when neither the window view nor the indoor plants are shown,
participants suffer the highest degree of stress and anxiety. Nejati et al. [17] found that
higher levels of exposure to nature and daylight are perceived to have more significant
restorative potential in hospital staff break areas. Li et al. [18] found that the small spaces
with strawberry plants could improve psychological health and cognitive performance.
Compared to some factors that have been explored, improving the indoor environment of
factories should be applied to impact workers’ attention recovery as a practical approach.

1.2. Indoor Planting Design and Attention Recovery

Introducing indoor plants is one of the most efficient and practical means to create a
natural environment in indoor space [19], stemming from biophilia coined put forward by
E.O. Wilson [20] in 1984. Biophilia has long been a well-liked strategy for enhancing visual
comfort and air quality among indoor environmental characteristics (IEQ). The attention
restoration theory (ART) and the psycho-evolutionary theory may both be used to explain
why indoor plants have a favorable impact on people’s mental health [21]. According
to the attention restoration theory [22,23], humans need a restorative environment that
promotes attention to recuperate from the brain fatigue brought on by directed attention.
Biophilia can provide these demands and lessen stress at work by decreasing directed
attention fatigue in people. Similarly, the psycho-evolutionary theory [24] states that
humans evolved from the natural environment in the prehistoric era, so biophilia will
promote our innate psychological and physiological stabilization. The Savanna Theory [25]
(Orians, 1980) and the preference matrix [22] (Kaplan and Kaplan, 1989) are derived from
the psycho-evolutionary theory. Kaplan et al. [22] suggested that the preference matrix is
one of the most frequently used theories for assessing landscape qualities by spanning the
four visual qualities “complexity, coherence, mystery, and legibility”.

Many studies [26] have analyzed the physiological reactions of humans to determine
the recovery impact of biophilic elements on humans. According to the sort of natural stim-
ulation, the summarization of those studies can be generally divided into two categories: a
natural landscape and indoor plants [21]. For the first category, some studies listed below
explored natural landscapes as stimulants. Bjerke et al. [27] found that vegetation density
could influence the natural landscapes” health benefits. Chiang et al. [28] found that the
inside the forest and the medium vegetation conditions could enhance a more positive
mood and reduce mood disturbance than other locations and densities. Tennessen and
Cimprich [29] found that university dormitory residents with more natural sceneries could
score better on tests of directed attention and rate their attentional functioning as more
effective compared to those with less natural sceneries from their windows. Laumann
et al. [30] found that exposure to the natural landscape could restore depleted voluntary
attention capacity and affect selective attention, which is better than exposure to an urban
landscape.

For the second category, indoor plants not only provide natural sensory stimulation
by vision, smell, and touch but also may be more feasible methods based on the current
situation that people spend more than 80% of their time indoors every day [31], compared
with natural landscapes. Oh et al. [32] found that viewing plants relieve visual fatigue
and improves the students” attention. Van Den Berg et al. [33] found that plant walls
can improve indoor school classroom environmental quality and have a good effect on
children’s cognition and emotion. Wu et al. [34] found that students with exposure to higher
greenery indexes have better academic performance in both English and mathematics. Lei
et al. [35] found that the moderate green coverage ratio is the optimal greenery dose at the
office after integrating the finding regarding psychological, physiological, and productivity
performance. Bringslimark et al. [36] found that indoor plants could help workers show
higher job satisfaction and task performance in the workplace. Qin et al. [37] found that the
color, odor, and size of plants might affect inhabitants” emotions and productivity. Berger
et al. [38] discovered that the appearance and shape of indoor plants, which are often
utilized in commercial offices or domestic homes, might influence people’s preferences
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and responses. Regarding the indoor environment designs illustrated by many research,
numerous factors of indoor planting design were noted as significant characteristics that
influence people’s recovery. The volume ratio of indoor plants is an important factor in
indoor planting design. Some studies have examined the effect of volume ratio. Choi
et al. [39] found that the index of greenness (5, 20, 50 and 80%) in an indoor environment
showed similar physiological responses. Larsen et al. [40] found there was an inverse linear
relationship between the results of the task and the number of indoor plants. Jiang et al. [41]
found an inverted U-shape relationship between the recovery for men and the increased
dose of nature. There is less research on indoor plants’ layout and leaf size, but both are
important factors. Abdi et al. [42] examined the effects of plant type and layout on thermal
comfort in a university site. Shibata et al. [43] examined compared the plants placed in
front of participants with the plants put on one side, and participants preferred the former.
Many studies have provided initial evidence of a positive relationship between indoor
plants and the capacity to recover attention. As discussed below, a combination regarding
the way that exhausting and testing attentional capacity and equipment was applied in the
study. Selecting a task that adequately quantifies directed attention is crucial. The methods
used in the current study are the so-called Digit Span Backward (DSB) test [44] (Rich,
2007), a word association test [43,45] (Shibata and Suzuki, 2002; Shibata and Suzuki, 2004),
key response tasks [46,47] (Lohr et al., 1996; Shibata and Suzuki, 2001), sorting tasks [40]
(Larsen et al., 1998), a letter identification task [40] (Larsen et al., 1998) and the Sustained
Attention to Response Test [48] (SART, Berto, 2005). Among these methods, the Sustained
Attention to Response Test (SART) definition is very similar to that of depletion of directed
attention capacity. The SART is also sensitive to sustaining attention to dull but demanding
tasks. In addition, the SART involves ideas such as the reduction of inhibitory capacity,
the production of a response, and the inhibition of stimuli [49,50]. Berto [48] suggested
that participants were first attention fatigued by carrying out the SART and completed the
SART for a second time after exposing to restorative or nonrestorative environments.
Besides choosing a task that adequately measures directed attention, virtual reality
(VR) is an emerging technology that has the potential to address some limitations of previ-
ous studies. It could provide more immersive experiences of various natural environments
than video, pictures, and sketches under controlled laboratory circumstances [51]. VR
allows systematic manipulations of indoor environments that could not effectively be
implemented in the real world [52-54]. Moreover, earlier studies [55-59] have found that
similar restorative effects have been produced with real natural environments and virtual
environments. Yin et al. [26] found that participants react similarly physiologically and
cognitively in a simulated biophilic environment as they would in the real environment.
VR of various natural environments (e.g., forests, urban green space, streetscapes, biophilic
indoor space) has been used to detect the recovery effects. Yeome et al. [60] analyzed the
four virtual experiments’ impact on occupants through the element of visual green walls.

1.3. Literature Gaps

We find two critical gaps in the research related to the impact of indoor plants and
attention recovery on workers that are addressed below.

First, although the current research has studied the influence of attention recovery on
factory workers, and has proven that nature stimulations are one of the critical methods to
improve the environment, and have a significant influence on lowering workers’ stress and
anxiety, the relation between nature stimulations and workers’ attention recovery needs to
be strengthened. Existing research [13] about factory restorative environments are related
to the outdoor environment by nature stimulations rather than indoor planting design,
especially indoor staff break areas where workers stay during the limited break time but
may be exacerbated by the negative effects due to the poor environments [3,61]. Most
restorative studies related to indoor plants are limited to classrooms [62] and offices [63].
Those findings may not be applied to the factory space context, where workers are mostly in
poor conditions, do repetitive daily work and expend a lot of energy. Compared to students
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and workers in offices, labor intensity, management style, the socioeconomic demographic
status of workers, environmental circumstances, and health services are all significantly
different for factory workers [64]. Furthermore, indoor factory environments are frequently
monotonous, dull and dirty. There are few comfortable spaces that can provide relief for
workers who are occasionally required to stand or sit for ten to twelve hours along an
assembly line [13].

Second, the influencing rule of indoor plants is not precise on people’s attention
recovery, although the effectiveness of plants has been proven [65]. Most findings from
previous studies have been restricted to analyzing the attention-recovery effect caused by
the volume ratio of indoor plants [38]. A systematic understanding of how other factors
contribute to attention recovery is lacking, and the relevant quantitative data should be
valuable to be explored.

1.4. Research Objectives

The objective of this study was to reveal the relationships between the indoor planting
design and workers’ attention recovery in factory staff break areas. Specifically, the volume
ratio, layout, and leaf size were studied as essential factors for workers” attention recovery.
The research framework is as follows (Figure 1):

Research Problem | Relation between indom: planting design and worker’s |
|_ _ _ _ _ _ _attentionrecovery -
Focus discussion group
T R e e e e e e e e R e s |
Space Design of | o 3% |
Factory Staff Break | the volume ratio | 6% |
of indoor plants
I S | 9% |
e it |
Selection of | ‘Mainly on the wall I
. . | the layout of .
Physical Variables . | -Mixed floor and wall plants |
I indoor plants X
and Levels | -Mainly on the floor |
I
‘i E R >
v : I
Determination of |  the leaf size of LLAIE | GV |
Nine Experimental | indoor plants ‘Medium leaves
- _ g —l
Orthogonal experiment
P o m—— —— — T — — — — — I
Attention Recovery I Explore the attention-recovery effcet of indoor plants for |
Experiment | workers in the factory staff areas by the SART and VR |
- _ _ o ____ 1
| Analyses are completed by the range analysis and the :
Data Analysis | Analysis of variance after baseline checking and
| effectiveness of the SART checking _:
A key factor and three optimal levels were indentified

Figure 1. Research Framework.
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This present study mainly explores the following hypotheses:

1. Some factors of indoor planting design had a significant effect on workers’ attention
recovery in factory staff break areas.

2. Different variables of indoor planting design have different effects on workers” atten-
tion recovery.

2. Materials and Methods
2.1. Experimental Setting
2.1.1. Space Design of Factory Staff Break Area

A factory staff break area (Figure 2a) was modeled in Sketch Up 2020, rendered in
Enscape2.0 and displayed in VR. As for room sizes, the scenarios were designed with a 9 m
x 6m X 4.2 m cube, which was one of the standard sizes that were used in the design of
typical factory staff break areas in China. The volume of the room was 226.8 m>. Room
dimensions were used because they were multiples of the standard Chinese module of
300 mm in architectural design, which could make the rooms more universal. In the space,
common methods and arrangements, like sofas or chairs created in groups, were used
to satisfy workers’ rest. The volume of the furniture was about 9.73 m3. The grey walls
were selected since they were more commonly adopted in global factories. Furthermore,
not only windowless staff break areas that were located inside the factory were common,
but also natural light could interfere with the experiment [66], so consistent interior light
conditions by virtual artificial lighting were applied. The illumination of scenarios was
100 Ix, which was the standard value of lighting in the factory general room in China. In
this way, windowless scenarios could isolate the effect of the outside environment and
eliminate responses to other confounding environmental variables. Four common indoor
planting types were selected in the scenarios. The average height of different floor plants
was 1.5 m. The following illustration depicts the style of plant leaves (Figure 2b). The
doorway position was where the participants are seen in the virtual environment.

4

Jl L__ —
““\WW
-_—
g -
e _——

a. Large leaves on b. Medium leaves on c¢. Small leaves on d. Green walls
the floor the floor the floor

(b)

Figure 2. Implementation of the virtual space and indoor plants: (a) Virtual space of factory staff
break areas; (b) Virtual four types of indoor plants.

2.1.2. Selection of Physical Variables and Levels

The factors of indoor planting design which affect attention recovery were determined
by a focus group discussion [67,68] based on different pictures of indoor plants in factory
staff break areas. Eleven graduate students (including a host and a recorder, four men and
five women) from the Harbin Institute of Technology took part in the discussion. Partici-
pants have solid academic training in architectural design. Three factors, (1) the volume
ratio, (2) the layout and (3) the leaf size were determined based on the aforementioned
discussion. Consequently, more specific levels of the above three factors were identified by
the focus group discussion due to the wide range of variables and combinations of factors,
as given in Table 1. Additionally, Py, the volume ratio, was defined as the precise value
of the plants” volume to the staff break areas’ volume. Pj, the layout, was defined as a
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design of indoor plants that were laid out. The layout combination of indoor plants on
the wall and floor was chosen in the study because of its maintainability and popularity
in the discussion. For example, the layout of “Mainly on the wall” means scenarios that
are mainly filled with plants on the wall but fewer on the floor. Furthermore, Pg, the leaf
size, means that the leaf size of floor plants was varied. The indoor plant on the wall was
chosen to be a fixed-size bamboo because it has proven exceedingly attractive [69].

Table 1. Three factors and corresponding three levels of indoor plants.

Factors Notations Level 1 Level 2 Level 3
Volume ratio Py 3% 6% 9%
L t P Mainly on the Mixed floor and Mainly on the
ayou L wall wall plants floor
Leaf size Pg Large leaves Medium leaves Small leaves

2.1.3. Determination of Nine Experimental Scenarios

Orthogonal experimental design (ODOE) [70] was applied in the study. Based on
three factors and corresponding three levels, an orthogonal array L9(3 x 4) is shown in
Table 2. That way, participants needed to complete the experiences with only nine rather
than twenty-seven combinations (3 x 3 x 3) of a complete factorial design. Based on the
results of the focus group discussion, nine virtual recovery scenarios for factory staff break
areas were constructed (Figure 3).

Table 2. L9 (3 x 4) orthogonal table of experimental design.

Cases Case 1l Case 2 Case 3 Case 4 Case 5 Case 6 Case 7 Case 8 Case 9
Py 3% 3% 3% 6% 6% 6% 9% 9% 9%
Mainly %4 Mainy  Mainly Y Mainly  Mainly MY Maingy
floor and floor and floor and
Factors Pr on the wall on the on the wall on the on the wall on the
wall floor wall floor wall floor
plants plants plants
P Large Small Medium Small Medium Large Medium Large Small
§ leaves leaves leaves leaves leaves leaves leaves leaves leaves

2.2. Experimental Design
2.2.1. Participants and Equipment

People who conduct more repetitive work were chosen for this study to avoid phys-
iological differences between factory workers and others in environmental perceptions.
Twenty-five participants were recruited for this study. Before the experiment began, the
workers had an interview, a pre-test and an explanation of the criteria for the test partici-
pants. The interview included questions on the workers’ fundamental conditions. Finally,
eighteen workers fulfilled the experiment’s conditions [71]. Participants with an average
age of 48.78 were recruited as participants and asked to finish nine tests by June 2022.
Meanwhile, participants included a moderate number of men and women to control the
gender distribution.

The Pico neo3 was used in the study as the VR setting, which is equipped with two
3664 x 1920-resolution LCD panels with a delay rate of less than or moderate to 20 ms, and
VR field of view of 98° (Figure 4).
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Figure 4. The visual recovery and attention task experiments site.
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2.2.2. Procedure

All participants were informed about the experimental procedure and signed informed
consent before beginning the experiment. Nine standardized experimental modules were
conducted on each participant (Figure 5). The interval between each group of the experi-
mental module was more than 24 h. Each participant was tested simultaneously on different
days to minimize the influence of circadian rhythm on physiological performance [18].

kiS00 MES o

|
1
1
1
1
| y Complete each of the : H
: : experimental group's additional :
I H conditions ! !

9 expeimental conditions

END

=l . . b : . .
:=v signed informed consent =/ tasks of every experimental module 3\J every experimental module spended 20min

Figure 5. Basic experimental process.

Each experimental module included four parts (Figure 6), which were preparation
(T1), first attention task (T2), recovery (T3) and second attention task (T4). An experimental
module lasted around 20 min. Participants wore earphones with the assistance of research
staff during the preparation period. After that, participants were asked to complete the
first attention test to lead to attention fatigue and measure their baseline level of attention,
five minutes in total. After finishing the test, for five minutes of rest, participants used a
VR headset and were randomly shown virtual attention-recovery scenarios (Figure 7a).
Five minutes of recovery has been demonstrated to be the most significant, longer than five
minutes, which may make participants feel tired and interfere with the results [26,72-74].
Lastly, participants performed the second sustained attention task (Figure 7b). In addition,
to enhance the scenarios of the design of the areas, participants wore earphones with factory
noise during the experiments.

1 I 1 |
1 ! 1 1
| .  spacenar BRCO NSNS R so:ccha: ERCON .
| 1 S S | 1
e ey b sl
! :‘—"‘W noise : =
| 1 1 1
: i ! :
]

l : Rest >24h] _ Next |
] 1 1
1 1 1

1 ]

(b)

Figure 7. (a) The participant was shown virtual recovery scenarios at random for five minutes; (b) The
participant finished the attention task. Photos were taken and used with permission.
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The participant’s ability to pay attention was evaluated using the SART paradigm. The
SART is a computer-delivered paradigm that assesses the capacity for sustained attention
and inhibition (Figure 8) [48,50,75]. In the task, which consists of repetitive and temporally
predictable stimuli, participants must press a key to respond to all stimuli other than the
target stimulus (digits from one to nine). The SART is a quick laboratory exam that can be
finished in a matter of minutes. It is a straightforward task to master, but it is intellectually
demanding. There is no working memory or short-term memory burden, and there are no
learning effects because there is just one target to remember.

(a) You will see numbers (1-9) in the (b) Pressing the space bar when the (c) For eight numbers except 3, there is
screen. Only the number 3 appears , following pattern appears is invalid. no need to press the space bar.
press the space bar quickly! The numbers’ size could change.

Figure 8. The process of the sustained attention to response test.

The following variables were considered:

D-prime (D-P): sensitivity of the participant in the detection of the target;

Reaction times in milliseconds (RT): the latency to press the spacebar;

The number of correct responses (CR): when the target (digit 3) appeared, the partici-
pant did not push the spacebar. The total number of CR is 25.

2.3. Data Analysis

D-P, RT, and CR were utilized as the SART outcome variables to represent the par-
ticipants” attention level, and the D-value (AD-P, ART, and ACR) between the first and
second attention tests was utilized to reflect how well the participants” attention recovered
in different recovery scenarios. The higher the value of AD-P and ACR, the better the
attention recovery of the participants, and the opposite for ART.

Furthermore, range analysis is an effective method used to reveal the significant
factors influencing target indices in the orthogonal experiment. The analysis of variance
(ANOVA) is also a commonly-used method for orthogonal experimental data [76]. There
are two critical parameters in the range analysis, which are Kj; and R;. Kj; is the sum of the
physiological indices at all levels (i, i = 1,2,3) of each factor (j, j = A, B, C), and K]',» is the
mean value of Kjl-. Another parameter is R]-, used to assess the importance of the factor,
which is defined as the range between the maximum and the minimum value of Kj; [77]. A
more significant value of R; shows that the factor is more important. The calculation is as
follows, Equation (1):

R] = max{K]-,-} - mzn{Kﬂ} (1)

ANOVA was also conducted because it can comprehensively discriminate the varia-
tions among group means in a sample caused by experimental factors or errors compared
with the range analysis [78]. In the study, the F-statistic was denoted by F«. When F, >
Fo.01, the factor is highly significant to the index and is marked as **. If F, > Fy o5, the factor
is significant to the index and is donated as *. When F, > F 1, the factor that is not marked
has no significant effect on the index [79,80].
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3. Results
3.1. Baseline Checks and Effectiveness of the SART

Since participants conducted the nine experimental VR recoveries in a random order,
we expected no significant differences in the attention levels of the nine groups during
exposure to the first attention task. As expected, ANOVA demonstrated that there were no
significant differences (Table 3a). As shown in Table 3b, the paired sample ¢-test demon-
strated, also as expected, significant differences between the first attention test and the
second attention task. Therefore, we could attribute those differences in attention levels to
the different VR environments.

Table 3. (a) Test statistics from ANOVA on whether attention levels after the first SART were similar.
(b) Test statistics from paired t-test tests on whether participants” attention levels after the second
SART differed from the first SART.

(a)
Measures F df p-Value
First attention d-prime (D-P) 0.208 8 0.989
task (T2) reaction times in
responses milliseconds 0.328 8 0.954
(RT)
number of
correct 0.275 8 0.973
responses (CR)
(b)
Measures T df p-Value
d-prime (D-P) 0.124 161 0.035*
reaction times in milliseconds (RT) —4.541 161 0.000 **
number of correct responses (CR) —2.104 161 0.037 *

** Stands for statistical significance at the 0.01 level. * Stands for statistical significance at the 0.05 level. Not
marked stands for no statistical significance.

3.2. Importance Ranking of Three Factors for Attention Recovery

Table 4 summarizes the statistical analysis results for the effects of different factors
on the attention data. By comparing the R; values of each factor, the degrees of the three
factors’ effects on attention—recovery data were ranked as follows: The volume ratio of
indoor plants on attention was the largest, followed by the leaf size and layout. The
attention-recovery effects of the two factors were similar.

Figure 9 depicts the correlations between the parameters considered and the attention
recovery. The order of the factor levels was randomized to avoid subjectivity bias, as
was already mentioned. Instead of displaying each factor’s precise values, the graphs
in the chart merely indicate their trends. As seen in Figure 9, the effect of attention as
measured by AD-P, ART, and ACR was more significant when the volume ratio of plants
was 3%. Mixed floor and wall plants have a more excellent attention recovery than other
levels, as demonstrated by AD-P. However, ART and ACR showed that mainly on the wall,
particularly, was more successful in recovering participants’ attention. It will be determined
again by ANOVA. In addition, the recovery of attention was greater when the leaf size of
plants on the floor was large.
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Table 4. Results and range analysis of the orthogonal experiments.

Factors Test Results
Experiment Number Volume .
Ratio Layout Leaf Size AD-P ART (ms) ACR (pcs)
Py Py Ps
1 Pyy Prq Psy 0.44 ~1.79 3.89
2 Py1 Prs Pgs —0.01 1.76 1.50
3 Py1 Prs Ps» 0.05 1.62 —0.06
4 Pys Prq Pss ~0.19 429 0.39
5 Pya Prs Py 0.19 431 —0.11
6 Pys Prs Pg; -0.15 3.51 1.00
7 Pys Prq Ps, —0.27 5.18 -1.33
8 Pys Pro Psq 0.27 422 —0.61
9 Pys Pis Pgs —0.35 10.73 1.17
K, 0.16 —0.01 0.19
K, —0.05 0.15 —0.01
AD-P K3 —-0.12 —-0.15 —-0.18
R 0.28 0.30 0.37
K 0.53 2.56 1.98
K, 4.04 3.43 3.70
ART K3 6.71 5.29 5.59
R 6.18 2.73 3.61
K; 1.78 0.98 1.43
K, 0.43 0.26 —0.50
ACR K; —0.26 0.70 1.02
R 2.03 0.72 1.93
AD-P ART ACR —&—AD-P  ---®--4RT ® ACR —&—A\D-P  ---®--4ART L2 CR
8 6 6
/-
5 /l 5 e
6 // ’
4 Rl 4 R
- .// /”
4 3 =T 3 o
[ 1o /’/
2 2 'Y
2 o,
1 1 - @
0 0 0
-1 -1
-2
3% 6% 9% Mainly on the Mixed floor Mainly on the Large leaves Medium leaves Small leaves
wall and wall plants floor
(a) (b) (©)

Figure 9. (a) Relationships between the volume ratio and attention recovery; (b) Relationships

between the layout and attention recovery; (c) Relationships between the leaf size and attention

recovery.

3.3. Impact of Different Levels on Attention Recovery

Table 5 displays the ANOVA for the rate of attention changes. The volume ratio,
layout, and leaf size had a significant impact on the restorative quality of plants in factory
staff break areas, according to the results of AD-P. The findings of ACR showed that the
effects of volume ratio and leaf size were statistically significant, but the layout was not.
The results of ART showed that only the effects of volume ratio had statistical significance.
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Table 5. Results of analysis of variance.

Volume

Ratio Layout Leaf Size
SS 2.221 2417 3.692
AD-P p-value 0.018 * 0.013 * 0.001 **
n2 0.051 0.055 0.081
Attention SS 1037.857 209.894 352.740
recovery ART p-value 0.008 * 0.370 0.190
n2 0.060 0.370 0.190
SS 116.037 14.333 111.259
ACR p-value 0.020 * 0.609 0.023 *
n2 0.049 0.006 0.047
F0.01 (2,2) =99
Fo F0.05 (2,2) =19

F0.10 (2,2) =9

** Stands for statistical significance at the 0.01 level. * Stands for statistical significance at the 0.05 level. Not
marked stands for no statistical significance.

3.3.1. The Volume Ratio of Indoor Plants

The influence of the volume ratio of indoor plants on attention recovery was ranked
(Figure 10). In addition, AD-P, ART and ACR suggested that not all groups had significant
differences in the comparison results of mean values. For AD-P, plants’ 3% volume ratio
was —4.20 times more than 6% (95% CI: 0.01,0.41) and —2.45 times more than 9% (95%
CI: 0.08,0.47). The 6% volume ratio of plants was —0.55 times more than 9% (95% CI:
—0.14,0.26). For ART, the 3% volume ratio of plants was —0.87 times more than 6% (95% CI:
—7.41,0.38) and —0.92 times more than 9% (95% CI: —10.08,—2.29). The 6% volume ratio of
plants was —0.40 times more than 9% (95% CI: —6.57,1.22). For ACR, the 3% volume ratio
of plants was 3.14 times more than 6% (95% CI: —0.9,2.79), and —7.85 times more than 9%
(95% CI: 0.59,3.48). The 6% volume ratio of plants was —2.65 times more than 9% (95% CI:
—0.76,2.13).

3.3.2. The Layout of Indoor Plants

The results of AD-P revealed that indoor plants’ layout was associated with workers’
attention recovery in factory staff break areas, as shown in Figure 11. In particular, the
layout that was mainly on the wall was —1.07 times more than the mixed floor and
wall plants (95% CI: —0.35,0.04) and —0.93 times more than mainly on the floor (95% CI:
—0.06,0.34). Mixed floor and wall plants were —2.00 times more than mainly on the floor
(95% CI: 0.10,0.50).
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Figure 10. Main effect maps of the volume ratio of indoor plants on attention recovery. ** Stands
for statistical significance at the 0.01 level; * Stands for statistical significance at the 0.05 level; Not
marked stands for no statistical significance.
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Figure 11. Main effect maps of the layout of indoor plants on attention recovery. ** Stands for
statistical significance at the 0.01 level; Not marked stands for no statistical significance.



Buildings 2023, 13, 622

14 of 20

3.3.3. The Leaf Size of Indoor Plants

About the leaf size of indoor plants, the order revealed by AD-P and ACR was slightly
different, but the level corresponding to the maximum value was consistent in Figure 12.
For AD-P, indoor plants with large leaves were —20.00 times more than medium leaves
(95% CI: 0.00,0.40) and —2.06 times more than small leaves (95% CI: 0.17,0.57). Indoor
plants with medium leaves were —0.94 times more than small leaves (95% CI: —0.03,0.37).
For ACR, indoor plants with large leaves were —3.86 times more than medium leaves (95%
CI: 0.48,3.37) and 0.40 times more than small leaves (95% CI: —1.04,1.85). Indoor plants
with medium leaves were —1.49 times more than small leaves (95% CI: —2.96,—0.08).
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Figure 12. Main effect maps of the leaf size of indoor plants on attention recovery. ** Stands for
statistical significance at the 0.01 level; * Stands for statistical significance at the 0.05 level; Not marked
stands for no statistical significance.

4. Discussion
4.1. Significance of Volume Ratio for Attention Recovery

The results of range analysis showed that the volume ratio of indoor plants had the
greatest impact on workers than the layout and leaf size, which is consistent with research
found by Stone and Irvine [81]. On the one hand, the finding might be because the visual
prominence of indoor plants plays a decisive role in attention recovery, and one of the most
interfering factors is how many plants people can see [14,82]. On the other hand, feeling
close to nature, which is created by the category changes of indoor plants, results in the
attention recovery effect, which originated from human perception of information [83].
More specifically, compared with other factors, the volume ratio is easier to determine
whether the participants could have an intuitive feeling of being in nature.

4.2. Optimal Level of Volume Ratio for Attention Recovery

The results of ANOVA found that when its volume ratio is 3%, indoor planting led
to more significant attention-recovery effects than 6 and 9%. It is consistent with a prior
study, which suggested that given a limited interior space, a small green wall can exert
a better recovery effect on people than a large green wall [21]. The findings may also be
interpreted by the savannah hypothesis [22,84], in which individuals prefer open natural
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areas like savannahs with few trees because they find it easier to handle circumstances
there (Figure 13) [85]. It is worth noting that the volume ratio of indoor plants has the
greatest influence on workers” attention recovery, but there is not a positive correlation
between the impact and the volume ratio.
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Figure 13. Application of the savannah hypothesis to the volume ratio of indoor plants.

However, Lee [86] found that a greater greenness index could improve concentration
and stimulate positive emotions. The difference between the existing and our findings may
be due to the previous studies using rather burdensome trees and understory planting
together, and the different arrangements and study protocol could be the source of the
differences. The biological diversity of planting design may also affect the preference for the
volume ratio of indoor plants. Furthermore, it is possible that, for different types of places,
the mechanisms of indoor plant restoration might differ [87]. Some studies have hinted
at such a finding that more plants could facilitate performance-specific tasks that require
creativity, but the tasks that require more focused attention could be another issue [44].
Larsen et al. [40] found that a large number of indoor plants in the office has a negative
impact on participants’ performance on an identification task requiring more concentration
and repetition.

4.3. Optimal Level of Layout for Attention Recovery

It is indicated by variance analysis that the mixed floor and wall plants found better
effects of attention recovery, followed by the indoor plants, mainly on the wall, which
represents that participants prefer the virtual scenarios with the orderliness of the arrange-
ment. The above finding has a high similarity with the classical statement that people may
find it easier to perceive and identify organized features in natural environments [88,89].
In addition, it would be more understandable to the participants and not consume too
much-directed attention. Previous research also found that scenarios that look more or-
ganized may be preferred over ones that appear disorganized [90] because the lack of
spatial structure may lead to a more dissonant experience and aesthetically aversive when
observing environments [91-93].

4.4. Optimal Level of Leaf Size for Attention Recovery

For the workers’ attention recovery, the results found that indoor plants on the floor
with large leaves had better effects than those with small and medium leaves, which may
contribute to environmental preference [84]. More specifically, legibility, as a dominant ele-
ment that impacted environmental preference, indicates that a space that is well structured
and the elements that are clear to distinguish can be easily understood and remembered.
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Participants can acquire visual information on indoor space and identify indoor plants of
interest within a short period due to the apparent contrast between indoor plants on the
floor with large leaves and that on the wall with small leaves.

4.5. Limitations

Firstly, in the restorative scenarios, the limitation of our study is that we excluded
confounding factors, so fewer types of indoor plants and layout methods were used, such
as covering one side of the wall in the staff break areas with only one kind of bamboo.
Various indoor plant types and different layouts of indoor plants should be examined in
future research. Secondly, the age range of the participants was restricted to 30-55 years,
and participants were limited to one type of factory workforce, which may lead to selection
bias. In future studies, more participants from various age groups and different kinds of
work should be invited. Thirdly, the virtual scenario of the factory staff break areas may not
represent all types. Some details, e.g., windows and physical environment settings, may
affect the experimental results. So, future research should explore the attention-recovery
effects of indoor plants in different settings—for example, staff rests beside corridors. Last
but not least, the oxygen impact of indoor plants and the full sensory response beyond
the visual were not taken a full account, and the attention-recovery effect of indoor plants
could be caused by short-term exposure. Thus, future research must also consider the long
experiment with actual biophilic factory staff break areas [94].

5. Conclusions

The study investigated the attention-recovery impact of indoor planting design on
workers in factory staff break areas by exposing 18 participants to VR scenarios with three
variations of indoor planting design: the volume ratio, the layout, and the leaf size. Based
on the analysis, the following conclusion was drawn:

1. Infactory staff break areas, the volume ratio of indoor plants was the most dominant
factor influencing workers” attention recovery, compared with the layout and leaf
size. This is because visual information recalling nature is the main reason for indoor
plants’ recovery benefit, and the change in volume ratio can produce a more intuitive
visual prominence than the two factors.

2. The results found that controlling the volume ratio of indoor plants with the 3%
level had a greater influence on workers’ attention recovery than the levels with 6
and 9%. The finding is consistent with studies that showed that people prefer wide-
open, unforested natural places like savannahs. The analysis of the volume ratio of
indoor plants extends the present study, in which the volume ratio is objectively more
influential than other factors in factory staff break areas. Still, it does not mean that
more plants are better.

3. The results showed that among the three levels of indoor plants at the layout, mixed
floor and wall plants had a greater impact on workers’ recovery attention compared
with the centralized plants’ arrangement on the wall and the floor. This is because
of the preference for a well-organized structure. As a result, it is advised that while
arranging plants to create a reasonable scheme, both space and plants should be
considered.

4. The results suggested that participants were more affected by indoor plants with large
leaves on the floor than those with small-sized or medium-sized leaves. The attention
recovery may be influenced by the legibility of indoor plants’ leaf size, which is one
of the key components of environmental preference. These findings suggest new
directions for future indoor planting research.

In summary, from the perspective of attention recovery, it is significant to study the
relationship between workers and indoor planting design. The findings of this study will
aid architects and interior designers in taking into account the attention-recovery properties
of indoor plants in factory staff break areas and will direct future indoor planning with a
cost-effective strategy. Finally, this study contributes to the evaluation of attention recovery,
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which may be applied in many other domains, such as productivity and well-being, as well
as providing a methodology for future research on measuring the attention effect.
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