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Abstract

Background

In a global effort to design better hospital buildings for people and organizations, some
design principles are still surrounded by great mystery. The aim of this online study was to
compare anxiety in an existing single-bed inpatient hospital room with three redesigns of
this room in accordance with the principles of Golden Ratio, Feng Shui, and Evidence-
Based Design.

Methods

In this online multi-arm parallel-group randomized trial participants were randomly assigned
(1:1:1:1) to one of four conditions, namely Golden Ratio condition, Feng Shui condition, Evi-
dence-Based Design condition, or the control condition. The primary outcomes were anxi-
ety, sense of control, social support, positive distraction, and pleasantness of the room.

Findings

Between June 24, 2022, and August 22, 2022, 558 individuals were randomly assigned to
one of the four conditions, 137 participants to the control condition, 138 participants to the
Golden Ratio condition, 140 participants to the Feng Shui condition, and 143 participants to
the Evidence-Based Design condition. Compared with baseline, participants assigned to
the Evidence-Based Design condition experienced less anxiety (mean difference -1.35,
95% CI -2.1510 -0.55, Cohen’s d = 0.40, p < 0.001). Results also showed a significant indi-
rect effect of the Feng Shui condition on anxiety through the pleasantness of the room (B =
-0.85, Cl =-1.29 t0 -0.45) and social support (B =-0.33, Cl =-0.56 to -0.13). Pleasantness of
the room and social support were mediators of change in anxiety in the Evidence-Based
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Design and Feng Shui conditions. In contrast, application of the design principle Golden
Ratio showed no effect on anxiety and remains a myth.

Interpretation

To our knowledge, this is the first randomized controlled trial linking design principles directly
to anxiety in hospital rooms. The findings of our study suggest that Feng Shui and Evidence-
Based Design hospital rooms can mitigate anxiety by creating a pleasant looking hospital
room that fosters access to social support.

Clinical trial registration
The trial is registered with ISRCTN, ISRCTN10480033.

Introduction

In a long tradition of design principles, some are still surrounded by great mystery. Well-
known examples are the Golden Ratio and Feng Shui. In a global effort to design better hospi-
tal buildings for people and organizations, designers may benefit from a demystification of
these principles. Given the high stress of illness and recovery, patients are especially likely to
benefit from appropriate designs. It is expected that practice application can be improved by
clarification of its impact, for instance, on human experience and health.

This study compares the impact of three design principles on patients: two classical and one
contemporary. The three respective design principles are based on mathematics (Golden
Ratio), energy (Feng Shui), and statistics (Evidence-Based Design). Much has been written
about these principles, but what exactly are the actual effects of spaces that are designed in
accordance with these principles? Can such spaces improve health? To assess the effects on
people and differences between these design principles, we developed a digital twin of a real-
life single-bed inpatient hospital room (see images Fig 2) and adapted this room in accordance
with these three design principles.

The Golden Ratio (GR) is a number defined by Euclid of Alexandria in Greece more than
2,000 years ago [1]. The GR is also referred to as the phi number (¢), the golden section, or the
golden mean. The GR is the proportion between two quantities a and b when a/b = b/(a + b),
than a must be approximately 61.8% of b [2]. The GR can also be converted to other geometri-
cal shapes, including the golden rectangle, golden angle, or the golden spiral. A golden rectan-
gle is a rectangle of which the length-to-width ratio equals that of the GR. Much has been
written about the mathematical ratio (the never ending number 1.6180339887 .. .) and it
seems that it can be found almost anywhere, from the natural world (e.g., plants, animals) to
the artificial world (e.g., art, architecture). The GR principle suggests that a design that is
designed in accordance with these proportions has pleasant harmonious qualities and can
improve aesthetics [1]. Experimental studies on the aesthetics of the GR started in the 19" cen-
tury and some studies found preferences for the golden rectangle [3-5]. Although scientific
evidence has shown that people may prefer the golden rectangle, the evidence is fragile and
often not unambiguous [6]. To date and to our knowledge, no scientific evidence clarifies the
influence of the GR on people’s health.

Feng Shui (FS) is incorporated in many aspects of life in Chinese culture. FS is a principle
that suggests that a natural energy, the Qi, which cannot be seen, is a source of health, human
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harmony, and prosperity [7]. The theory of the five elements is the basis of all Chinese meta-
physics and states that the elements (i.e., wood, fire, earth, metal, and water) represent all phys-
ical (e.g., shapes and materials) and non-physical aspects (e.g., compass directions, seasons)
[8]. The flow of Qi is affected by the shapes and forms in the environment, its compass direc-
tion, and time. All visible aspects of the environment are part of the FS Form School and this
school of thought includes the following four aspects: position, moderation of Qi flow, types of
Sha Qi, and arrangement of objects [8]. This can be briefly illustrated with the design of a hos-
pital bedroom. Firstly, the term ‘position’ can be best described in an analogy, as a room that is
designed like an armchair. It has a comfortable back (symbol: tortoise), shelters on the left and
right (dragon and tiger respectively), and a structure in front (phoenix). These symbols of
celestial animals represent the supporting structures of the natural or built environment. FS
contends that it is important to establish shelter on both sides of the bed. This is achieved with
higher objects on the left side of the bed (dragon) than on the right side of the bed (tiger). Sec-
ondly, the ‘moderation of Qi flow’ advises designers to moderate the Qi flow in the room. This
flow may bounce within the room, and, for instance, should not rush from door through win-
dow or target the patient. In contrast, it needs to accumulate and flow gently to be beneficial
for humans. Thirdly, the ‘types of Sha Qi’ refer to properties which impose a negative energy
on the patient and should be avoided. Examples of sources of Sha Qi are sharp corners, mir-
rors, overhead structures, or outside view to traffic and unpleasant objects. Finally, the
‘arrangement’ refers to the position of the bed in relation to doors and functional areas. FS
advises to separate calm zones in the room (i.e., bed) from communicative areas (i.e., visitors
table) and to position the bed not facing the entrance directly, while still in a position allowing
to control the entrance. Again, to date and to our knowledge, no scientific evidence clarifies
the influence of FS on people’s health.

Evidence-Based Design (EBD) refers to a design that is guided by empirical evidence of sci-
entifically studied effects of the physical surroundings on people [9]. The evidence is mostly
based on research in health care settings. In 1984, Science reported that the view on nature
from a hospital bed reduced the length of stay, the analgesic intake, and nurses’ evaluative
comments of patients [10]. Nowadays, a considerable amount of research is available on evi-
dence-based designs that can improve patient outcomes in hospital environments, and, by
doing so, change these into healing environments [11-13]. For example, designers are advised
to apply single rooms to reduce hospital acquired infections [14], larger windows with views to
calm patients [15], more daylight to reduce stress, pain, and medication use [16], dynamic
light to improve sleep [17], less blue-depleted lighting to decrease anxiety [18], or so-called
‘healing art’ to improve perceptions of the environment or to reduce anxiety [19, 20]. How-
ever, most studies have been carried out with non-patients, were not randomized, were not
true-to-life, and/or contained small sample groups [21]. Even though scientific evidence thus
suggests a positive influence on people’s health, EBD can benefit from true-to-life rigorous
studies with larger groups of patients.

An important indicator of health is stress [22-24]. Although patient’s recovery benefits
from relaxation, this is often difficult because hospitalization is usually an uncertain and anx-
ious experience [25]. Hospital environments can support these patients with anxiety mitiga-
tion. In this context, the theory of supportive design suggests that patients may experience less
anxiety when the healthcare environment fosters more sense of control, access to social sup-
port, and access to positive distraction [26]. It is also known that the visual aesthetics can play
an important role in mitigating anxiety in hospital facilities [27-29]. A complement of patient
anxiety with their experienced sense of control, social support, positive distraction, and pleas-
antness of the room is thus advised.
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The aim of this online study was to compare anxiety in an existing single-bed inpatient hos-
pital room with three redesigns of this room in accordance with the principles of GR, FS, and
EBD.

Methods

Participants

Participants were recruited between June 24, 2022, and August 22, 2022, by the Dutch Patient
Federation (Fig 1). Eligible participants were patients of 18 years or older that had been hospi-
talized in the Netherlands in their lives for at least one night. Exclusion criteria were partici-
pants who were hospitalized for the last time: (1) at a psychiatric ward, (2) at a rehabilitation
clinic, (3) or for the birth of their child, because this type of health care is often delivered at
other facilities in the Netherlands and the length of stay differs too much from the average
length of stay in a Dutch hospital of 4.5 days. Participants gave their written informed consent
before continuing to the survey.

Study design

The study was an online multi-arm parallel-group randomized controlled trial with partici-
pants assigned to one of four conditions, namely GR condition, FS condition, EBD condition,
or the control condition (the digital twin of a real-life hospital room). Participants were
exposed to a 3D simulation of the hospital room through a combination of video, images, and
descriptions of the hospital room.

Assessed for eligibility (n=22375)

Excluded (n=21775)
Not meeting inclusion criteria or no interest (n=21686)
Withdrew consent (n=89)

A 4

A 4

Randomised (n=600)

|

Allocated to
control condition (n=149)

A 4 A 4 A

Allocated to golden ratio
condition (n=150)

!

Allocated to evidence-based
design condition (n=150)

Allocated to feng shui
condition (n=151)

A 4 A 4

Analysed (n=137)
Excluded from analysis
(did not completed the
survey) (n=12)

Analysed (n=140) Analysed (n=143)

Analysed (n=138)
Excluded from analysis
(did not completed the
survey) (n=12)

Excluded from analysis
(did not completed the
survey) (n=11)

Excluded from analysis
(did not completed the
survey) (n=7)

Fig 1. CONSORT flow diagram.

https://doi.org/10.1371/journal.pone.0303032.9001
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In the control condition respondents experienced and rated the digital twin of a real-life sin-
gle-bed inpatient hospital room with ensuite bathroom in an existing hospital in the Nether-
lands (see images Fig 2).

In the GR condition all spatial rectangles of the inpatient hospital room and ensuite bath-
room were shaped according to the GR of 1.618. .. (see images Fig 3A and 3B). As the height
of the ceiling (i.e., 2.83m) was subject to legal requirements, only this had to remain
unchanged and formed therefore the basis for the design. For example, the height of the
patient room was 2.83m so the width of the room was 4.58m (2.83m * 1.618. . .m). The interior
features in the room were horizontally positioned in the centre of the golden rectangles. The
height of the interior features remained unchanged because of ergonomic requirements.

In the FS condition the interior features were designed according to the principles of Feng
Shui (see images Fig 4A and 4B). This study focused on the FS Form School and the theory of
five elements. Other FS related aspects (e.g., energy of flying stars, fortune of the patients and
doctors, timing of usage, and Feng Shui of the entire hospital building) were excluded from
this study due to the virtual study setting. For this study, a qualified FS master had determined
the required design elements according to the FS principles. The first design intervention of
the FS Form School is related to ‘position’ (e.g., supportive structure of colour block at the
back of the bed), the second to ‘moderation of Qi flow’ (e.g., cabinet under the TV), the third
to ‘types of Sha Qi’ (e.g., round shapes and corners of furniture, position TV to avoid reflec-
tion, removed clock, smaller pin board, hide trashcan in cabinet, avoid overhead structures
like the ceiling lift and headwall, greenery outside to block the view on traffic), and the fourth
to ‘arrangement’ (e.g., separation of functional areas by position and colour). From the theory

/ !

’

Fig 2. Images of the control condition.

https://doi.org/10.1371/journal.pone.0303032.9002
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Fig 3. a. Images of the Golden Ratio condition. b. Alterations of specific design features in the Golden Ratio condition. All spatial rectangles of the inpatient hospital room
and ensuite bathroom were shaped according to the GR of 1.618. .. The interior features in the room were horizontally positioned in the centre of the golden rectangles.

https://doi.org/10.1371/journal.pone.0303032.g003

of five elements, the design intervention is related to the colour scheme (i.e., earthy colour
beige and fresh colour yellow because these colours represent centeredness, calmness, and bal-
ance in a hospital room). The FS list of changed features was limited to 15 features for reasons
of feasibility and comparability. The proposed redesign was discussed within a qualified Feng
Shui (grand) masters panel and after seven modifying iterations the redesign was approved.

In the EBD condition the architectural and interior features were designed according to the
principle of Evidence-Based Design (see images Fig 5A and 5B). The ambient features (i.e.,
sound and odour) were excluded from this study due to the focus on the visual environment
and virtual study setting. In the first step, a longlist of 49 design features of single-bed inpatient
rooms was identified based on two recent studies [15, 30]. In the second step, this list was
assessed by a panel of scientific experts in this field using an online survey. They were asked to
rate each feature on a 7-point scale how much impact they expect the feature would have on
reducing anxiety (1 = no impact at all, 7 = a lot of impact). This was used to prioritize all features
of the longlist. In the third step, the outcomes of the survey were discussed in a focus group
with the same experts, to reach consensus about a shortlist of 15 design features. As a result, two

Architectural features

1. Clear separation of functional areas by placing the seating area in
the corner and beige frame colour behind the seating area and bed
2. Outside view to greenery

Interior design features

3. Smaller and lighter colour pinboard

4. Round shapes and corners furniture

5. Hide trash bin in cabinet

6. Remove the clock on the wall

7. Earth colours on the walls (yellow) and floor (beige)

8. Furniture of natural materials (light wood)

9. Hide ceiling lift and computer in the cabinet and integrate
supporting system of the ceiling lift in the ceiling

10.TV on a cabinet

11.TV screen not directly opposite to the bed

12. Electrical devices/voltage aside the bed

Bathroom design features

13. Hand-washing sink and mirror should not face the door directly
14. Beige colour in bathroom on walls and floor

15. Declutter room by closing toilet seat and adding a towel rack

Fig 4. a.Images of the Feng Shui condition. b. Alterations of specific design features in the Feng Shui condition.

https://doi.org/10.1371/journal.pone.0303032.9g004
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Architectural features

1. View from bed towards the wall and door

2. Avisual barrier that affords privacy from the hallway / seating area
when needed

3. Outside view to greenery

4. Large windows for daylight penetration

5. Color of lamps

Interior features

6. Patient recliner that moves easily and have locking casters

7. Inside view to vegetation (i.e,, furniture and wall of natural materials,
and nature image on TV screen)

8.Window shades/curtains with remote control

9. Lighting control / remote control (e.g., ambient and reading light)
10. Temperature control with remote control

Bathroom design features

11. Shower entry and area large enough to accommodate patient and
two caregivers

12. Position bathroom door to preserve patient privacy while using the
toilet

13. Optimize the location of the bathroom door relative to the bed
(minimize distance and number of turns to get to the bathroom)

14. Have adequate horizontal surface and covered storage adjacent to
sink for use of personal hygiene items

15. Automatic light control sensor that detects when someone is in the
bathroom

*a Home-like ambience (i.e, round shapes and corners furniture, green
and coral colours added as accent colours, beige colour on the floor,
plain white ceiling, TV on the wall, blue colours in bathroom)

*b Visual calm (i.e,, visitor chair replaced by window seat, hide ceiling lift
in the cabinet and integrate supporting system of the ceiling liftin the
ceiling)

Fig 5. a. Images of the Evidence-Based Design condition, b. Alterations of specific design features in the Evidence-Based Design condition.

https://doi.org/10.1371/journal.pone.0303032.9005

design requirements were added, namely (1) a home-like ambience (e.g., use of materials, col-
ours, shapes, lighting, and reduce view to medical devices), and (2) a visual calm (e.g., no chaos
of ambience, styles, and elements). Finally, a leading architectural firm from London used the
short list as a basis for the single-bed inpatient hospital room redesign of this study.

An overview of the design characteristics of the interventions of the four conditions is pre-
sented in the supporting information (S1 Table).

According to the Dutch Law for medical research involving human subjects (WMO), a
waiver for ethical assessment was provided by the Medical Ethical Committee of the Medical
University of Groningen on May 9, 2022 (MET«c 2022/259). The study was conducted accord-
ing to the declaration of Helsinki.

Randomisation

This study was an online double-blinded randomized controlled trial using the survey pro-
gram Qualtrics. After some general questions about themselves they were automatically ran-
domized by the online survey program to one of the four intervention groups (1:1:1:1
allocation ratio). Participants were told that the aim of this study was to improve hospital
rooms for patients and that we were interested in their experiences and opinions about a hos-
pital room. Participants were not aware of the different conditions. All outcome measures
were self-reported by participants via an online survey (S1 Questionnaire).

Procedures

After some general questions about themselves participants were randomized by the online
survey program to one of the four intervention groups. First, they were exposed to a 2-minute
video of the patient room that met one of the four conditions. In all conditions, participants
were exposed to these videos which all followed the exact same ‘walking route’ through the
room. Followed by two pictures of the patient room, two pictures of the bathroom, the 3D
floorplan, and a detailed description of the facilities in the rooms. Participants were asked to
imagine that they were recovering from surgery in this hospital room and then answered the
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questions about the dependent variable anxiety (STAI). As a reminder, they were again
exposed to two pictures of the patient room and two pictures of the bathroom before answer-
ing the questions about the mediating variables (pleasantness of the room, sense of control,
social support, and positive distraction).

Outcomes

The primary outcome is anxiety. Anxiety was assessed by the short State-Trait Anxiety Inven-
tory [31]. This six-item short form (STAI-6) measured the level of anxiety immediately after
respondents had seen the intervention (i.e., calm, tense, upset, relaxed, content, and worried).
Each item was measured from 1 (not at all) to 4 (very much). The positive items were reversed,
and the sum of all items (total score of 6 to 24) was calculated. A higher score reflects more
anxiety. There were no missing values on any of the self-reported items, because the online
survey required an answer to all questions. Cronbach’s alpha was 0.85.

The measure to assess the mediators sense of control, social support, and positive distrac-
tion was the Supportive Hospital Environment Design Scale [32, 33]. The sense of control
scale (5 items) measured the expected sense of control in the patient room. Each item was mea-
sured from (1) ‘strongly disagree’ to (5) ‘strongly agree’ (e.g., ‘In this hospital room I am able
to control the surrounding environment’). A higher score reflects a more expected sense of
control. The total score was 5 to 25. Cronbach’s alpha was 0.86. This social support scale
(4-items) measured the expected social support in the patient room. Each item was measured
from (1) ‘strongly disagree’ to (5) ‘strongly agree’ (e.g., “This hospital room allows me to social-
ize/“get together” with visiting family and friends’). A higher score reflects more expected
social support. The total score was 4 to 20. Cronbach’s alpha was 0.87. This positive distraction
scale (4-items) measured the expected perceived positive distraction in the patient room. Each
item was measured from (1) ‘strongly disagree’ to (5) ‘strongly agree’ (e.g., ‘In this room my
attention is drawn to interesting things’). A higher score reflects more expected positive dis-
traction. The total score was 4 to 20. Cronbach’s alpha was 0.89.

The mediator pleasantness of the room (1 item) was assessed on a 10-point bipolar scale
ranging from (1) ‘not pleasant’ to (1) ‘very pleasant’ directly after seeing the images for the sec-
ond time of the patient room.

Statistical analysis

In a priori power analysis a minimal sample size was calculated conservatively for the primary
outcome anxiety and showed that we needed to include 70 participants in each group (total

N = 280) to detect at least a medium effect size of f= 0.25 (alpha = 0.05, 1-beta = 0.95) in an
ANOVA test with four groups. The sample size was calculated using the simplest between-
group comparison (F tests—analysis of variance) in G*Power 3.1 [34, 35]. To remain 70 partici-
pants in each group, it was calculated that we needed to include 175 participants in each group
(700 participants in total) with an estimated dropout of 60% (420/700). The total baseline of
700 participants can be taken as a conservative upper bound.

A linear regression analyses was conducted to test the effects of the intervention on per-
ceived anxiety. Each intervention was compared with the control condition independently.
The following possible explanatory variables were included in the model: gender, age, ethnic-
ity, education, work, household, general health, and mental health. Next, the Akaike informa-
tion Criterion (AIC) was used to identify variables significantly contributing to reduce anxiety
[36]. The model selection was performed in R.

It was expected that participants would perceive less anxiety when they perceive the room
as more pleasant, and, at the same time, that they would perceive more sense of control, more
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social support, and more positive distraction in the room. A parallel multiple mediation analy-
sis was conducted to test for the indirect effect of the intervention on anxiety through social
support and pleasantness of the room. Selection of potential mediators was based on the results
of the minimum AIC model selection. We tested for the effect of the intervention, pleasantness
of the room, social support, educational level, general health, and mental health. The media-
tion effect was estimated using PROCESS in SPSS 28.0 and performing 5000 bootstrap sam-
ples. The trial was registered retrospectively because of an oversight, prospective trial
registration was overlooked (ISRCTN10480033). Details of our initial ethics approval and pro-
tocol are in the supported information.

Role of the funding source

The funders had no role in study design, data collection and analysis, decision to publish, or
preparation of the manuscript.

Results

Participants were recruited between June 24, 2022, and August 22, 2022. During this study,
740 participants met the inclusion criteria of which 558 completed the questionnaire. From
this group, 137 participants filled in the questionnaire in the control condition, 138 partici-
pants filled in the questionnaire in the GR condition, 140 participants filled in the question-
naire in the FS condition, and 143 participants filled in the questionnaire in the EBD
condition (Fig 1). An ANOVA test (ratio variables) and chi-square test (nominal variables)
were used to explore for differences between groups. No significant differences were found
between the groups. The baseline characteristics of participants are presented in Table 1.

Regarding the primary measures, the EBD condition was associated with a significant
reduction in anxiety and significant increases in sense of control, social support, positive dis-
traction, and pleasantness of the room (all p<0.001; Table 2). The FS condition was associated
with significant increases in social support, positive distraction, and pleasantness of the room
(Table 2). Results showed no significant effects of the GR intervention on anxiety, pleasantness
of the room, sense of control, social support, or positive distraction (Table 2).

Table 3 shows the results of the linear regression analyses. Although results showed no
direct effect of the intervention on anxiety, results of the parallel multiple mediation analysis
in Table 4 showed a significant total effect of the EBD intervention on anxiety, as the 95%
bootstrapped confidence interval did not include zero (B = -1.47, CI = -2.25 to -0.68). Results
also showed a significant indirect effect of the intervention EBD on anxiety through the pleas-
antness of the room (B = -1.26, CI = -1.70 to -0.85) and through social support (B = -0.50, CI =
-0.77 to -0.27). As Fig 6 illustrates, the group of participants who were exposed to the EBD con-
dition rated the room as more pleasant (B = 1.62, p = <0.001) and expected more social sup-
port (B =2.00, p = <0.001). The more pleasant participants perceived the room, the less
anxiety they reported (ab = 1.62*-0.78 = 1.26). Moreover, the more social support participants
expected, the less anxiety they reported (ab = 2.00%-0.25 = -0.50). No evidence was found for
the mediating effects of either sense of control or positive distraction on anxiety.

Next, results also showed a significant indirect effect of the FS intervention on anxiety
through the pleasantness of the room (B = -0.85, CI = -1.29 to -0.45) and through social sup-
port (B =-0.33, CI = -0.57 to -0.13). As Fig 6 illustrates, the group of participants who were
exposed to the FS condition rated the room as more pleasant (B = 1.09, p = <0.001) and
expected more social support (B = 1.32, p = 0.001). The more pleasant participants perceived
the room, the less anxiety they reported (ab = 1.09%-0.78 = -0.85). Moreover, the more social
support participants expected, the less anxiety they reported (ab = 1.32%-0.25 = -0.33). No
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Table 1. Baseline characteristics for each group.

Control condition Golden Ratio Feng Shui Evidence-Based Design ?P
condition condition condition
(n=137) (n=138) (n = 140) (n=143)
Gender 0.493"
Male 68 (50%) 68 (49%) 79 (56%) 70 (49%)
Female 69 (50%) 67 (49%) 60 (43%) 71 (50%)
Other 0 (0%) 3 (2%) 1(1%) 2 (1%)
Age (mean, SD) 67.9 (9.4) 66.9 (11.0) 66.8 (8.9) 66.4 (9.3) 0.586°
Ethnicity 0.738"
Dutch 132 (96%) 132 (96%) 131 (94%) 136 (95%)
Other 5 (4%) 6 (4%) 9 (6%) 7 (5%)
Education 0.602%
Low 1 (1%) 1 (1%) 0 (0%) 0 (0%)
Middle 60 (44%) 71 (51%) 62 (44%) 71 (50%)
High 76 (55%) 66 (48%) 78 (56%) 72 (50%)
Work 0.750%
Yes 18 (13%) 21 (15%) 25 (18%) 23 (16%)
No 119 (87%) 117 (85%) 115 (82%) 120 (84%)
Household 0.637°
Single 34 (25%) 33 (24%) 29 (21%) 36 (25%)
Family 96 (70%) 94 (68%) 105 (75%) 95 (66%)
Other 7 (5%) 11 (8%) 6 (4%) 12 (8%)
General health (mean, SD) 2.6 (0.8) 2.6 (0.8) 2.6 (0.9) 2.7 (0.9) 0.994°
Mental health (mean, SD) 3.7 (1.0) 3.5(1.0) 3.6 (0.9) 3.5(1.0) 0.483°

? Results Chi-Square test
® Results ANOVA test

https://doi.org/10.1371/journal.pone.0303032.t001

evidence was found for the mediating effect of sense of control and positive distraction on

anxiety.

Discussion

In this online study, we developed three single-bed inpatient hospital room redesigns and
found evidence for the effects of the FS and EBD principles on anxiety with the original room
design as a baseline. In contrast, there was no evidence to support a GR application as it did
not influence any of the outcomes.

As expected, participants in the online EBD condition perceived less anxiety compared to
the control condition. Results showed statistically significant evidence for the total effect of the
EBD condition on anxiety. Moreover, this study also showed that the anxiety-inducing effect
of the EBD condition is mediated by perceived pleasantness of the room and social support.
Participants perceived the room as pleasant and expected more social support in the EBD con-
dition, which in turn reduced their reported anxiety levels. This partially confirms the theory
of supportive design that perceived social support can reduce anxiety [26], but also suggests
that other mediating variables may have influenced reported anxiety levels. However, results
also showed that even though the EBD condition significantly improved sense of control and
positive distraction, sense of control and positive distraction both failed to influence the anxi-
ety outcome. This can be explained by the fact that the people in our sample were relatively
old, with an average age of 66 years. This may imply that not all people perceive higher levels
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Table 2. Primary outcome and mediators.

Primary outcome

Mean anxiety (SD)
Change in mean from baseline (95% CI)
Cohen’s d
p value

Mediators
Mean sense of control (SD)
Change in mean from baseline (95% CI)
Cohen’s d
p value
Mean social support (SD)
Change in mean from baseline (95% CI)
Cohen’s d
p value
Mean positive distraction (SD)
Change in mean from baseline (95% CI)
Cohen’s d
p value
Mean pleasantness of the room (SD)
Change in mean from baseline (95% CI)
Cohen’s d

p value

https://doi.org/10.1371/journal.pone.0303032.t002

Control condition

(n=137) (n=138) (n = 140) (n=143)
10.26 (3.57) 10.62 (3.65) 9.61 (3.30) 8.90 (3.08)
- 0.37 (-0.44 to 1.17) -0.65 (-1.45 t0 0.15) -1.35 (-2.15 to -0.55)
- 0.11 -0.19 -0.40
- 0.371 0.113 <0.001
15.09 (4.52) 14.86 (5.14) 15.56 (4.78) 18.27 (5.09)
- -0.24 (-1.40 t0 0.92) 0.47 (-0.69 to 1.62) 3.17 (2.02 to 4.32)
- -0.05 0.10 0.65
- 0.684 0.425 <0.001
16.03 (3.72) 15.45 (4.06) 17.31 (2.81) 18.04 (2.80)
- -0.58 (-1.38 t0 0.22) 1.29 (0.49 to 2.08) 2.01 (1.22 to 2.81)
- -0.17 0.38 0.60
- 0.156 0.002 <0.001
10.16 (4.23) 10.85 (4.49) 12.54 (4.19) 14.85 (4.15)
- 0.69 (-0.32 to 1.70) 2.38 (1.37 t0 3.38) 4.69 (3.69 t0 5.69)
- 0.16 0.56 1.10
- 0.182 <0.001 <0.001
6.81 (2.36) 6.86 (2.39) 7.88 (1.79) 8.42 (1.73)
- 0.45 (-0.45 to 0.54) 1.07 (0.58 to 1.56) 1.61 (1.12 t0 2.10)
- 0.02 0.51 0.77
- 0.858 <0.001 <0.001

Golden Ratio condition

Feng Shui condition

Evidence-Based Design condition

of control as anxiety reducing. It is possible that the mere presence of functionalities and tech-
nologies can stress out people. In this context, for elderly it is important that technologies are
accessible - that information about the technology is available - and that it is easy to use [37]. If
such needs are ignored, it may provoke anxiety. Moreover, elderly can be frightened to learn
new things, such as how to handle new technologies [38]. The results also imply that a pleasant
looking room is more important for anxiety reduction than offering positive distraction. As
pleasantness of the room is mostly positive associated with reducing anxiety [27]. Some evi-

dence exists in literature, but further research should clarify which specific design features pos-
itively influence anxiety best.

In the online FS condition a significant indirect effect was shown on anxiety, through the rat-
ing of pleasantness of the room and expected social support. Participants experienced the room
as pleasant and expected to receive more social support in the FS condition. Results showed sig-
nificant mediation effects, but lacked an overall effect of FS on anxiety. The most likely interpre-
tation of these results is that FS has a stronger influence on the outcomes perceived pleasantness
and social support, when compared with the anxiety outcome [39]. Another possible explana-
tion might be that the FS intervention has an additional negative effect on an unmeasured medi-
ator which leads to an anxiety increase [39-41]. This might be due to the unmeasured aspect of
functionality. For example, in the open questions participants in the FS condition stated that
they disliked the position of the TV, because they always had to look to the side, whereas others
argued that they missed storage space for personal belongings. This may imply that as the posi-
tion of the TV did not “work” appropriately, it may have created adverse effects to anxiety
reduction [29]. Further research in a real-life setting should clarify which other FS aspects can
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Table 3. Results linear regression analyses on anxiety.

Anxiety Anxiety (after min. AIC)"
Coef. SE Coef. SE p
(intercept) 20.13 1.01 <0.001 21.00 0.65 <0.001
Control condition®
Golden Ratio condition 0.10 0.30 0.734
Feng Shui condition 0.44 0.31 0.154
Evidence-Based Design condition 0.31 0.32 0.335
Pleasantness of the room -0.78 0.07 <0.001 -0.75 0.07 <0.001
Sense of control -0.01 0.03 0.770
Social support -0.25 0.05 <0.001 -0.25 0.04 <0.001
Positive distraction 0.01 0.04 0.734
Female®
Male 0.02 0.23 0.931
Other 0.41 1.03 0.693
Age 0.02 0.01 0.236
High education®
Middle education 0.53 0.22 0.016 0.51 0.21 0.016
Low education 591 1.77 <0.001 5.92 1.74 <0.001
Household; family®
Household; single -0.30 0.26 0.236
Household; other -0.16 0.44 0.713
Work; Yes 0.01 0.33 0.968
Ethnicity; Other 0.07 0.50 0.893
General health 0.18 0.14 0.194 0.20 0.14 0.145
Mental health -0.64 0.12 <0.001 -0.60 0.12 <0.001

* Marks as reference category

® Results with the minimum Akaike Information Criterion (AIC) for model selection

https:/doi.org/10.1371/journal.pone.0303032.t003

mitigate anxiety best. Nevertheless, in the FS condition participants experienced a more pleas-

ant looking room and more social support, and accordingly experienced less anxiety. Thus, it

seems that the energetic FS condition, just as EBD, reduces anxiety.

The online GR condition showed no effects on anxiety, perceived pleasantness of the room,
sense of control, social support, and positive distraction. The first explanation might be that

Table 4. Results parallel multiple mediation analysis. Coef. = coefficient, SE = Standard error.

Anxiety Pleasantness of the room Social support Anxiety (total effect)
Coef. SE p Coef. SE P Coef. SE P Coef. SE P
(intercept) 22.78 0.88 <0.001 6.94 0.56 <0.001 18.38 0.90 <0.001 12.81 0.90 <0.001
Golden Ratio condition 0.11 0.30 0.712 0.05 0.25 0.843 -0.62 0.40 0.125 0.23 0.40 0.576
Feng Shui condition 0.44 0.30 0.142 1.09 0.25 <0.001 1.32 0.10 0.001 -0.73 0.40 0.068
Evidence-Based Design condition 0.29 0.31 0.345 1.62 0.25 <0.001 2.00 0.40 <0.001 -1.47 0.40 <0.001
Pleasantness of the room -0.78 0.04 <0.001
Social support -0.25 0.07 <0.001
Education -0.64 0.21 0.003 -0.30 0.18 0.086 -1.10 0.28 <0.001 -0.13 0.28 0.645
General health 0.19 0.14 0.179 0.03 0.12 0.814 -0.18 0.19 0.341 0.21 0.19 0.265
Mental health -0.58 0.12 <0.001 0.15 0.10 0.129 0.25 0.16 0.125 -0.76 0.16 <0.001

https://doi.org/10.1371/journal.pone.0303032.t004
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Fig 6. Unstandardized coefficients (B) of parallel multiple mediation analysis with direct effects, total effects, and indirect effects of the design
interventions on anxiety though pleasantness of the room and social support (see Table 4). “p < 0.01; ¢’ = direct effect; ¢ = total effect.

https://doi.org/10.1371/journal.pone.0303032.g006

due to the new proportions and positioning, more attention is given to the existing, apparently,
unpleasant design features as reported in some of the open questions. For example, in the
open questions participants in the GR condition stated that they disliked the colours on the
floor and walls, and the clinical atmosphere. Secondly, it can perhaps also be explained with
spatial disproportionality, in this case a room size that is too large for the existing interior fea-
tures [29]. This suggests that the design of a patient room cannot be improved by mechanical
application of the GR design principle; perhaps a more refined application of GR is better fit
for purpose. Nevertheless, it can also be that a combination of GR with EBD or FS may have a
stronger influence on anxiety through pleasantness of the room and social support. Further
research should clarify this.

Limitations and further research

There are some limitations to be considered. In the current study, multiple design features
were manipulated simultaneously. Although this study showed that both FS and EBD are capa-
ble in effecting anxiety, further research should continue to study the effect of specific design
features. Another limitation is that only single-bed inpatient rooms were studied. Nowadays,
hospitals in Europe and United States are designed with an increasing number of single
rooms. Nevertheless, from a social perspective multi-bedded rooms should still be considered
[42]. Therefore, it is recommended that further studies also study the effects of these design
principles in multi-bedded inpatient rooms.

Although this study showed that simulation is a useful tool to study the effects of different
design, it also has some limitations. First, participants were not exposed to real hospital rooms
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during hospitalization. Further research in real hospital settings should assess the effects of the
actual health of participants and health care delivery. Visual simulations of an inpatient room
are likely to have limitations for assessing the effects of design features that enhance control.
Decades of research have found that sense of control is important for reducing anxiety [26, 43,
44]. These studies have commonly assigned participants to real or tangible multisensory envi-
ronmental or laboratory conditions that vary with respect to the actual experience of being
able to control. For example, visual simulations do not give participants an actual experience
of being able to control, for instance, lighting or temperature or watching a program on the
TV, or privacy violations. Second, a limitation of this study is that we did not include the audio
environment in the visual simulation. Much EBD theory supports the importance of noise-
reducing design principles for reducing patient stress and improving clinical outcomes. Fur-
ther research in a more realistic and valid simulation would require more advanced digital
technology or interactive audio-visual virtual reality. Third, another limitation of this study
was that only FS form school could be included in this simulation study. Some major aspects
of FS, for instance, energy of flying stars, fortune of the patients and doctors, timing of usage,
and FS of the entire hospital, were not included in this simulation study. Further research in a
real hospital environment could include these different FS schools. Notwithstanding these lim-
itations, this current simulation study contributes to a better understanding of the influence of
different design principles on anxiety. Understanding the influence of these design principles
will contribute to the further development of effective interventions in inpatient room designs.

Conclusions

In summary, participants in the online FS and EBD conditions experienced less anxiety,
through experiencing a more pleasant room and more social support. The design principle FS
can be demystified, and our results suggest that there are many similarities between FS and
EBD, even though they exist from totally different cultural backgrounds and led to different
overall interior designs. A well-known example of similarity is the outside view to greenery [8,
10]. Other examples are the use of similar round shapes and corners in furniture [8], declutter-
ing [8, 30], and the use of natural materials [15]. Knowledge about the effects of these design
principles and related design features can help designers and decision makers to create health-
care building facilities for patients that have the capacity to reduce their anxiety, and, by doing
so, can enhance their health. Our conclusion is that designing a patient room according to FS
and EBD principles can create a more pleasant room to reduce anxiety.
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