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a b s t r a c t

This study investigates how indoor environments with lighting during the day affect patients’ average
length of stay (ALOS) in a hospital, by measuring and evaluating the daylight environments in patient
rooms and comparing results to their ALOS. Patients’ ALOS data were compiled at a general hospital in
Incheon, Korea, and the physical, environmental, and daylight conditions in the building were assessed.
Data gathered were analyzed using a statistical package to determine the trends in the patients’ length of
stay in hospital wards using 95% and 90% statistical significance levels. The data were categorized based
on the orientation of each patient’s room and the positions of the heads of their beds in relation to
window views. Comparisons were made between the different orientations of patient rooms in each
ward of the selected hospital.

The variables considered in this study were: each patient’s average length of stay as an index of health
outcome, and the differences in environments during daylight hours, including illuminance, luminance
ratio, and diversity of illuminance in the patient rooms of the hospitals. This study considered how these
components affected patients’ ALOS in the hospitals. It discusses the relationship between indoor
daylight environments and ALOS, as well as the seasonal weather factor effect on indoor daylight that
could potentially influence the patients’ length of stay.

This study can serve as a basis for the development of recommendations for designing patient rooms
in healthcare facilities that will result in more effective healing environments.

� 2011 Elsevier Ltd. All rights reserved.
1. Introduction

Saving energy is a very important issue these days due to critical
environmental problems that include gas emissions and global
warming. As a result, various environmental design techniques
have been developed and are popularly used to increase the energy
efficiency of buildings. One such strategy is the reduction of the
amount of solar radiation that is admitted to indoor areas and
a decrease in the cooling load through installation of tinting glass,
shading devices, etc [1]. Such an approach naturally leads the
exterior designs that block or reduce the amount of solar rays and
natural light. However, since people spend most their time indoors
in buildings these days, there is considerable concern about indoor
environmental quality that will improve work productivity and
enhance health effects. Among the quality components, natural
: þ1 573 341 4729.

All rights reserved.
window views with daylight are recognized as a significant factor
in increasing indoor environmental quality [2e4]. These environ-
mental trends have recently led researchers to study the beneficial
aspects of indoor space that includes window views and daylight.
Ulrich et al. investigated the importance of a window view of
nature to generate positive physiological effects in people [5].
Kuller et al. showed how class rooms with windows can improve
children’s physical and psychological conditions [6]. These
conclusions are further supported by Heschong, who found that
work efficiency/productivity could also be enhanced by windows
and daylight [7,8].

Unfortunately, most research has been oriented toward offices
and schools rather than focusing on the impact of such natural
access on healthcare facilities, where optimum environmental
conditions are particularly critical to a patient’s physiological
condition. In addition, few researchers have investigated the
orientation of windows, that are significantly related to the amount
of indoor daylight admitted, because of architectural and other
building features. Quantitative ways have not yet been successfully
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Fig. 1. Floor plan of the selected hospital (left) and a typical patient room in the hospital.
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demonstrated for generating the various effects of daylight with
measurable components.

Thus, this study investigated how daylight can generate
different lighting environments in patient rooms, depending on
their orientations, and uses patients’ average lengths of stay (ALOS)
as an index to the effects of daylighting components. By using
several types of lighting factors, the study identified which lighting
features could significantly contribute to patient health benefits.
2. Methods

2.1. Facility

A general hospital in Incheon, Korea was selected for this study.
The city is in the continental and monsoonal climate zone, which is
characterized by four distinct seasons: spring, summer, fall, and
winter. The building was built in 1996 with 18 floors, where patient
rooms occupy the 7th to the 16th floor. The hospital is comprised of
one T-shaped building that faces southeast (SE) and northwest
(NW), with all floors being uniform. The patient room located by
the bottom column on the floor planwas selected for this study, and
the physical size, furnishings, and equipment of each patient room
were identical (Fig. 1).

Considering the availability of patient length of stay data and the
purpose of each floor in the facility, the four floors listed in Table 1
were selected for this study. Since patients assigned to the same
floor (i.e., ward) were assumed to have the same or similar diseases,
all data analyses were performed by ward.
2.2. On-site measurements and instruments

On-site measurements were made in a typical single-occupancy
patient room of the hospital. The physical environments, including
geometry, indoor room surface reflectance, and transparency of
blinds and glazing were investigated. Four reference points were
selected at a height of 0.95 m from the floor surface in the sampled
patient rooms and the illuminance levels were measured. Factors
considered included environmental features used to generate the
Table 1
Selected wards for the study.

Floor Ward

16th floor Internal
12th floor Otolaryngology
11th floor Surgery
8th floor Gynecology
RADIANCE lighting simulation models for investigating seasonal
variations of in the daylight environment of patient rooms.

For the on-site measurements, two illuminance meters (model:
Minolta T-10M and T-10) were used. The first one was mainly used
for interior measurements, and the second was for exterior
measurements. A luminance meter (model: Minolta LS-100) and
gray card (manufactured by Kodak) were also used to estimate the
reflectance of walls, floor, ceiling, and furniture in a standard
patient room. The accuracy of these selected sensory devices was
commonly �2% or �2 digits of displayed value.

2.3. RADIANCE simulation model

Different physical environments generated various luminance
and illuminance, as well as a diversity of illuminance. Moreover,
depending on a patient’s head position and the room orientation,
daylight conditions could vary even at the same time. A patient’s
head position, in particular, could significantly affect his/her visual
comfort because of glare that may be different, even at the same
time with the same orientation. For glare created by excessive
luminance, this study considered two luminance ratios. One was
the daylight reflected on the TV wall, and the other was direct
daylight reaching a patient’s eyes through a window while
watching the TV.

As shown in Fig. 2, sixteen (0.8 m� 0.8 m) horizontal grids were
used to calculate the luminance ratio, illuminance, and the diversity
of illuminance on the floor for the RADIANCE simulationmodel. The
grids are placed at 0.95 m from the floor. This is the height of
a patient table and is where visual behavior most often occurs. To
calculate the luminance ratio for the effects of glare, 25
(0.5 m � 0.5 m) horizontal grids were placed on the TV wall. The
wall area considered for calculating the luminance ratio was esti-
mated based on the actual human visual field while lying down
position on the bed (Fig. 2).
Fig. 2. Locations of reference grids for horizontal illuminance (left) and luminance
ratio (LR) of the TV wall.



Fig. 3. Sky condition and the maximum average exterior illuminance during each month.
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2.4. Average length of stay (ALOS)

A total of 1167 patient data sets were obtained from the selected
hospital. All of the datawere recorded year round. Patient data from
the Critical Care Unit, including the Emergency Center and Inten-
sive Care Unit were not considered because the impact of daylight
may not be a major factor in their patients’ recoveries. Also
excluded were data for patients with an average length of stay
(ALOS) for periods shorter than 3 days, or for those who were
hospitalized more than two times.

To remove other stressors like roommates [9], this study only
considered data from single-occupancy rooms rather than multi-
occupancy ones. In this study, the patients’ leaving the hospital were
regarded as full recoveries. For statistical analysis to help identify the
effects of daylight conditions, the patient data were grouped by room
orientation, head position, and floor plan (i.e., ward).

2.5. Lighting variables

Four variables were selected to be used for analyses of indoor
daylight environment. These were luminance ratio (LR) on the TV
wall, LR between patient eyes and TV, horizontal illuminance level
across a patient room, and diversity of illuminance (DI). For the
simulation model, a sky condition, as defined by the International
Commission on Illumination (CIE), was considered to minimize any
error rate between real and simulated conditions.

All collected data, including the ALOS and lighting variables, were
statistically analyzed based on 95% (significant) and 90% (marginally
significant) levels. The data were grouped by the orientation of
a patient room, and by the type of a room, dependingonpatients’head
positions in each ward of the hospital. Analysis of variance (ANOVA)
and a two-sample T-test were mainly used for statistical analyses.

3. Results

3.1. Sky conditions and season definition

For the purpose of researching the effects of daylight, the
seasons were redefined based on sky conditions and horizontal
exterior illuminance. The average amount of clouds in each month
was calculated, based on actual weather data, and an estimated
percentage of this calculation was added to each season along with
the criteria for CIE sky conditions. In Incheon, Korea, most seasons
were identified as being an intermediate sky condition, with the
exception of summer, which was the rainy season. The estimated
monthly average amounts of clouds in sky conditions were
between 37% and 71%. The sky conditions of each season are
summarized as follows in Fig. 3. Compared with the definition of
a CIE sky condition, Incheon was usually recognized as an inter-
mediate sky condition for thewhole year, except for July, whichwas
the rainy season, with an overcast sky having more than 70% clouds
in the sky [10]. Overall, 93% of the days were intermediate and 2.7%
were considered as being a clear sky condition, while the overcast
condition was prevalent for 3.8% of the time, mainly in July.

Fig. 3 also illustrates the peak hourly horizontal exterior illu-
minance data with the percentage of clouds. Since the exterior
illuminance is proportionally related to the altitude of the solar
position, depending on the season, the exterior illuminance
showed higher levels in the spring and fall than in the winter.
However, due to the rainy season with overcast conditions, the
illuminance was lowest in July. Therefore, considering the hourly
horizontal exterior illuminance data and sky conditions, four
seasons were redefined as follows:

B Spring (March, April, May, and June) and Fall (August,
September, and October), when the exterior illuminance is
between 20,000 and 30,000 lux,

B Summer (July) is a unique overcast season, and
B Winter (January, February, November, and December), when
the illuminance is lower than 20,000 lux.
3.2. Physical environment of patient rooms

The facility’s rooms face southeast (SE) and northwest (NW). All
patient rooms were designed symmetrically, and include two
types: Patient beds that are located: 1) head-to-head and 2) foot-
to-foot. There is a wall between every two rooms. Each type has
a different window view and faces a different direction toward the
source of daylight. These room features create different daylight
environments that especially affect the luminance ratio, even with
the same orientation at the same time. For example, a room of one
type could have a direct glare on the TV wall, while in another
room, daylight may be directly in the patient’s eyes. Thus, the
patient rooms were divided into Type A and B, depending on the
patient’s head position in the study (Fig. 4). A patient in Type A



Fig. 4. Layouts and bed orientations in Type A and B patient rooms. (A white line illustrates the layouts of a patient room, the furniture and restroom.)
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could see the exterior part of the hospital, while in Type B, the
patient could face the sky and another building a long distance
away. This division removes any environmental differences created
by window views and luminance ratio, which could critically affect
human physiology [5,11,12]. As shown in Fig. 5, selected patient
rooms were grouped by type and orientation, and all comparisons
in data analyses were made by group.

The reflectance of material surfaces in a patient room was the
same regardless of patient room types and facing orientations. The
measured reflectance values were slightly higher than the ranges
recommended by the Illuminating Engineering Society of North
America (IESNA) [13] as summarized in Table 2. However, the
differences between the measured and the recommended reflec-
tance were not very significant with an average of 10% variation.

In each patient room, a large size (2.7 m2) window is located on
the exterior side wall. It admits much direct/indirect daylight, and
significantly contributes to the indoor daylight environment. The
window has been thermally insulated and has 50.2% transmittance
glazingwith 30% transmittance cotton fabric blinds. Thus, when the
window blinds are closed, the total transmittance is around 15%.
Features of the window are summarized in Table 3.
3.3. Daylight availability

Depending on the location of a patient room, there were some
differences in daylight condition. For example, room #6 is located at
Fig. 5. Types of patient rooms and the room numbers in a ward (e.g., #26 indicates
a room in the same location on every floor).
the corner between the patient ward and the main building (Fig. 5),
so earlymorningdaylightwouldnot be as bright comparedwith that
in room #01, despite the fact that they both have the same orienta-
tion. However, since the differencewas almost negligible, individual
locations of patient rooms were not considered in the analysis.

As illustrated in Fig. 6, the NW room admitted direct daylight
from 1:30 PM through sunset, while the SE room had direct
daylight from sunrise through 1:30 PM during all seasons. As
a result, the SE rooms are brighter than the NW in the morning and
around noon, while the reverse occurs in the afternoon. However,
the overall total amount of the admitted daylight is much greater in
the SE rooms because of the higher intensity and duration of
daylight there.
3.4. Luminance ratio (LR)

When the blinds were open, the luminance ratios between the
TV and its adjacent wall, and between the TV and glare to the eye
from natural direct/indirect light, were in the range of the recom-
mended guidelines, maximum 40:1 and 10:1, respectively [14]. On
the other hand, there were some extreme cases where a much
higher LR was generated than that recommended.

The luminance ratio on the TV wall momentarily showed 90:1,
or higher, at the SE-facing Type A room, especially in themorning in
Spring (as compared with other seasons) (Fig. 7). However, when
the occupant needs to prevent such a high luminance ratio, the
blinds can be closed to reduce the high ratio of extreme cases to
8.6:1, which is lower than the recommended ratio.

As shown in Fig. 8, a SE-facing Type A roommeets an excessively
high luminance ratio while the LRs of a NW-facing room are
Table 2
Reflectance values of materials in a patient room.

Materials Reflectance

Patient room IESNA recommendation

Wall 0.55e0.66 0.4e0.6
Floor 0.55 0.2e0.4
Ceiling 0.46 0.7e0.8
Furniture 0.39 0.25e0.45
Refrigerator 0.49 0.25e0.45
Blinds 0.35 0.25e0.45



Table 3
Properties of windows.

Parameters Properties

Window area 2.70 m2 (1.5 m by 1.8 m)
Glass type Double
UV coating N/A
Window/wall ratio 0.20
Window/floor ratio 0.36
Transmittance of blinds/curtain 30%
Transmittance of glazing 50.2%
Patient room floor area 14.56 m2

Ceiling height 2.5 m
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moderately generated at around 20:1 during the day, which is
much lower than the recommended ratio (40:1). Once the blinds
are closed, all of the patient rooms (in both orientations) show
more moderate ranges between 10:1 and 15:1.

Naturally, the SE room had a greater possibility of having
a higher luminance ratio than the NW room did in the morning,
and vice versa in the afternoon. The LR of the NW-facing Type B
roomwas excessively higher in the afternoon than in the morning,
and much more frequently in winter than at other times. The
excessive luminance ratios were maintained for about 1e3 h in
each case. As illustrated in Fig. 8, the patient in the NW room of
Type B occasionally experienced 70:1, or higher, in the afternoon.
However, with the blinds closed, such high LR became moderate
around 15:1, or lower, as shown in Fig. 8. Therefore, the luminance
ratio on the TV wall could be simply adjusted by controlling the
installed vertical blinds. Overall, the SE-facing rooms have
a greater possibility of experiencing glare than does the NW-
facing room during the morning hours, and vice versa in the
afternoon.

In one instance, the luminance ratio between the point of
a human eye and the TV showed almost the same circumstances as
the luminance ratio on the TV wall. The blinds, with 30% trans-
mittance, interrupt and diffuse direct daylight so that it can be
distributed more uniformly in the room. The luminance ratio
between the TV and the glare on a patient’s eyes showed high value
Fig. 6. Shading mask
in an extreme case. One instance was 8.6:1 on December 21st at 5
PM on the NW side. It was controlled to reducing the ratio to 1.2:1
by closing the blinds, as Fig. 9 shows.

As illustrated in Fig. 10, most luminance ratios between the
patient eye and the TV showed lower values than the maximum
recommended. Any moment which generates an excessive lumi-
nance ratio can occur with all orientations and in all room types
irregularly. However, the closed blinds provided visual comfort to
the occupants. Fig. 10 also explain the contribution of blinds to
luminance ratio reduction, and show the patterns of the luminance
ratio of Types A and B in the spring. Similarly, with the LR of the TV
wall, the SE roomwas more exposed to a high luminance ratio than
the NW room was in the morning, and vice versa in the afternoon
(especially in Type B).
3.5. Average illuminance

In the cases of overall illuminance, Type A and B rooms showed
almost the same difference between the two opposite orientations.
In particular, illuminance was much higher in the SE room by
150e250% than in the NW room.

Except during the rainy season, when illuminances were almost
the same in both orientations, the SE room had much higher illu-
minance than the NW room did. The high illuminance could be
controlled by about one third by the installation of blinds with 30%
transmittance. Thus, the lighting environments in the SE rooms had
wider ranges of illuminance levels that could be selected based on
the users’ desires.

Fig. 11 demonstrates the patterns of illuminance in all room
types and orientations during the spring. The SE rooms had higher
illuminance than the NWones did in the morning, and vice versa in
the afternoon. The average illuminance across the patient rooms
ranged from 200 lux to 880 lux in the SE rooms, while the range
was between 220 lux and 710 lux in the NW rooms. The duration of
daylight in the SE was higher than in the NW by 2 h. The pattern of
illuminance was similar across all of the seasons, except in the
summer with an overcast sky.
in patient rooms.



Fig. 7. An extreme case of the luminance ratio of a TV wall in room #3 (SE, type A) at 10AM, March 21st (intermediate sky).
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3.6. Diversity of illuminance (DI)

The changing patterns of diversity of illuminance were very
similar between the two types in each orientation because they are
closely related to illuminance levels. As shown in Fig. 12, overall
values of diversity of illuminance are higher than the maximum
recommended, 5, by the Chartered Institution of Building Services
Engineers (CIBSE) [15] when the blinds are open. With the blinds
Fig. 8. Hourly average of the luminance
closed, the diversity of illuminance is reduced to lower than 10, but
that is still higher than 5. Even though this does not meet the
recommended level, the diversity of illuminance can be drastically
reduced to a moderate level. Moreover, the difference in the
diversity of illuminance between the two orientations was greatly
reduced when the blinds were closed. Therefore, all patient rooms
in both the orientations can have similar levels in diversity of
illuminance with the help of blinds.
ratio on a TV wall in Type A and B.



Fig. 9. Luminance ratio between patient eyes and a TV point (in an extreme case) in room #24 (NW, type B), at 5 PM, December 21st (intermediate sky).
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Fig. 13 illustrates the extreme condition of DI in a patient room.
Since the large glazing was placed next to the patient’s bed, the
highest illuminance could be found at the top-left of the opened
blinds. The DI was 30, well beyond the recommended 5 maximum.
However, the blinds closed condition seemed to contribute to
lowering the DI by diffusing the daylight and redirecting light to the
inner space. With this principle, a patient can control the blinds in
accordance with his/her preference.
Fig. 10. Hourly average of luminance ratio b
3.7. Patient average length of stay (ALOS)

This study defined only July as the summer, when data on the
number of patients was small and there was no difference in the
amount of daylight between the SE and NW rooms. For this reason,
the ALOS data for summer was not considered for data analysis.

The comparison tests of ALOS between the two orientations for
each room type revealed that six test sets were statistically
etween a patient eye and the TV point.



Fig. 11. Hourly average of horizontal illuminance.

Fig. 12. Hourly average of diversity of illuminance.
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Fig. 13. Comparison of the contours of diversity of illuminance between the blinds in the opened and closed condition (Type A, SE. December 21st, 12 PM, intermediate sky).

Table 4
Comparisons of patient ALOS between the SE and NW locations for each type of
patient rooms.

Floor Type Ori. Spring Fall Winter

ALOS (N) Sig. ALOS (N) Sig. ALOS (N) Sig.

8th A SE 5.33 (29) 0.888 4.79 (25) 0.915 5.58 (33) 0.183
NW 5.25 (36) 4.83 (18) 4.75 (33)

B SE 4.53 (26) 0.015b 5.12 (20) 0.377 5.12 (31) 0.779
NW 7.7 (24) 5.51 (27) 5.23 (35)

11th A SE 7.19 (19) 0.868 5.22 (14) 0.048b 6.32 (23) 0.074a

NW 6.96 (14) 7.09 (14) 9.65 (10)
B SE 6.13 (23) 0.768 6.96 (16) 0.484 7.33 (22) 0.088a

NW 6.44 (15) 8.03(18) 10.56 (15)
12th A SE 5.91 (21) 0.864 5.04 (14) 0.098a 4.83 (21) 0.251

NW 6.12 (20) 6.58 (16) 8.63 (19)
B SE 5.45 (25) 0.754 6.77 (19) 0.771 7.75 (32) 0.538

NW 5.76 (25) 7.41 (16) 9.64 (28)
16th A SE 8.2 (24) 0.474 7.6 (6) 0.201 5.66 (23) 0.073a

NW 7.11 (27) 5.77 (16) 6.77 (21)
B SE 6.33 (26) 0.763 4.86 (17) 0.521 6.2 (15) 0.582

NW 6.07 (34) 5.37 (21) 5.74 (31)

a marginally significant.
b significant.
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significant, or marginally significant, among the 24 comparison
sets. As summarized in Table 4, the common feature of the six
significant results was that the ALOS of the SE room was shorter
than that for the NW room, while the rest of the comparisons
showed no significant difference. Among the six cases, two cases
are statistically significant with a small p-value (<0.05), and four
sets weremarginally significant (p< 0.10). The ALOS data for the SE
showed shorter ALOS by 16%e31% over the NW.
Table 5
Summary of the daily average values of indoor daylight variables in each room type from

Variable Recommended Blinds

Type A LR (TV wall) Max. 40 Open
Closed

LR (Eye & TV) Max. 10 Open
Closed

Illuminance (lux) Min. 300 Open
Closed

DI Max. 5 Open
Closed

Type B LR (TV wall) Max. 40 Open
Closed

LR (Eye & TV) Max. 10 Open
Closed

Illuminance (lux) Min. 300 Open
Closed

DI Max. 5 Open
Closed
4. Discussion

Table 5 shows a summary of indoor daylight variables for the
selected hospital. The seasonal average values were calculated
based on the data estimated from 8:00 AM to 6:00 PM because light
levels were fairly low before 8:00 AM and after 6:00 PM. Luminance
ratios (LR) on the TVwall, and between the TV point and the patient
eye, showed almost no significant differences between the two
orientations (SE and NW) for each room type. Moreover, the LRs
were lower than the recommended ranges. With the blinds closed,
the values were reduced to values that were lower than the
recommended.

The diversity of illuminance (DI) was always higher than the
recommended maximum at 5 in the two orientations of each room
type. The values of DI can be controlled to coincide with patients’
desires if they have visual discomfort due to the high DI, and
experience no significant differences between the two orientations.

The most distinguishable difference between the SE and NW
locations was the illuminance. As summarized in Table 5, the values
of illuminance in the SE area are much higher than that in the NW
during all of the seasons. Compared with other variables, illumi-
nance is the only light parameter that admits more than the rec-
ommended value.While other variables can be controlled to reduce
visual discomfort, it is only possible to increase illuminance when
the natural source (i.e., daylight) is available. Therefore, the
comparisons between the two orientations revealed that the SE
area provides a wider range of illuminance that can be selected by
the occupant.

Fig. 14 illustrated the patterns of illuminance in the selected
types and seasons, where significant differences in ALOS were
8 AM to 6 PM.

Spring Fall Winter

SE NW SE NW SE NW

20.9 7 19.5 7.2 17.1 7.1
9.6 7.5 11.4 6.7 6.6 6.5
2.3 2.5 2.3 2.5 2.7 2.8
2.3 1.2 2.1 1.1 1.6 1.2
366 279 414 218 282 105
112 61 124 55 86 26
12.5 10.3 13.7 11.5 14.8 9.8
6.2 8.1 5.9 8.4 5.8 8.2
24.9 11.8 24.8 15.2 29.9 15.3
16.8 9.8 11.7 10 14.9 9.6
2.1 3.1 2.4 3.2 2 2.7
1.2 2.1 1.2 2 1.2 2.1
353 301 428 238 306 112
71 72 75 61 54 31
12.4 10.9 12 9.8 10.8 8.1
7.7 7 5.9 7.4 5.8 7.2



Fig. 14. Patterns of illuminance by daytime ranges.
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found. A detailed investigation of illuminance revealed that it was
always higher in the SE area, regardless of room type, than it was in
the NW area, especially between 8 AM and 1 PM across all seasons
and with the blinds open. The illuminance in the NW becomes
higher than that in the SE during the afternoon. However, the daily
average was significantly higher in the SE. As illustrated in Fig. 14,
the SE rooms had higher illuminance, by 300e400 lux, in the
morning, and lower, by 30e150 lux, in the afternoon. Overall, the
dailyaveragewas about 200 luxhigher in the SE area than in theNW.

Therefore, the high levels and ranges of illuminance seem to
show a significant relationship with shorter patient ALOS (Fig. 15).
Fig. 15. Significant comparison sets of ALOS between SE and NW rooms (Percentages shown
those in the NW).
The illuminance range between the opened and closed conditions
of blinds showed 200e300 lux, with an average of 220 lux in the SE,
and 70e230 lux, with an average of 101 lux in the NW. On the other
hand, the comparisons of ALOS revealed an average of 29% shorter
ALOS in the SE than in the NW for patient data sets with statistical
significance.

Thus, this relation between the illuminance and the ALOS
indicates that patients in the SE rooms can control illuminance
within the wider selectable illuminance range based on their
preferences than patients in the NW can, by using the blinds. This
could allow patients to remove the stressors caused by excessive or
between columns indicate the reduced ALOS for rooms in the SE area as compared to
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insufficient daylight and to generate an optimal daylight environ-
ment. Moreover, each fin of the blinds in a patient room can be
rotated at various angles. This feature allows the user to prevent
any glare, such as an excessive luminance ratio, while maintaining
a preferred level of illuminance.

In addition, based on the fact of higher illuminance in a SE room,
especially between 8:00 AM and 1:00 PM, patient rooms that are
bright in the morning may also have positive effects on a patient’s
average length of stay (ALOS) by regulating his/her circadian
rhythm naturally [16,17]. However, since there is no existing
research to suggest an explicit guideline to specify a time range of
daylight, the benefit of the average length of stay by this natural
effect should be carefully researched in further studies.

5. Conclusions

Several critical factors have been identified that affect patients’
recoveries, including the quality of medical staff and effectiveness
of treatment, indoor environmental qualities, any stressors, etc.
These complex components exert a significant impact on patients’
physical and psychological well-being in direct/indirect ways. This
makes it difficult to identify a single role for daylight in successful
patient recoveries and to generalize its potential. However, based
on the findings in this study, the following conclusions have been
made:

First, a significant relationship appears to exist between indoor
daylight environments and a patient’s average length of stay (ALOS)
in a hospital. 25% of the comparison sets showed that, in the
brighter orientations, as in rooms located in the SE area, the ALOS
by patients was shorter than that in the NW area by 16%e41%.
Further, no dataset showed a shorter patient ALOS in the NW area
than in the SE.

Second, visual discomfort caused by excessive daylight and glare
can be prevented by installing proper shading devices, such as
vertical or horizontal blinds. By using such a device, the high
luminance ratio, diversity of illuminance, and illuminance level can
be controlled and adjusted to the values recommended by CIBSE
and IESNA.

Third, shading devices that can be controlled by the patients
may provide a positive effect on their physiological and psycho-
logical conditions. In an investigation using a simulation model,
visual discomfort could be generated momentarily, while higher
illuminance was demanded. Therefore, an efficient shading device
that can remove lighting stressors, while still maintaining a proper
level of illuminance, is critical to a patient’s comfort and increases
his/her level of satisfaction.

Fourth, depending on disease types, the physiological benefits
provided by daylight may be conducive to accelerated recovery.
Even though this study was not able to identify a consistently short
ALOS in the same ward, the Surgery Section showed a greater
frequency of significantly short ALOS by patients in the SE area,
with three cases, while other threewards had only one individually.

Finally, the high illuminance in the morning seemed to be more
beneficial than in the afternoon. Patient rooms are oriented to the
southeast (SE) and northwest (NW), and admitted daylight was
found to be more intense in the SE in the morning and in the NW
in the afternoon. However, since short ALOS cases were more
consistently found in the SE, it would appear that morning light has
amore positive effect than light in the afternoon does, and provides
physiological benefits for humans.

Therefore, based on the findings discussed above, study
outcomes could be used in developing support design guidelines
for healthcare facilities to enhance indoor environmental benefits
that will maximize physiological advantages for patients. To
increase the validity of the analysis outcomes and develop confi-
dence in the positive effects of daylight on human physiological
conditions, further studies are essential. In addition, due to limited
access to patients, this study was not able to consider human
factors such as preferred activity, frequency of going out/in,
controlling blinds, individual daylight preferences, etc. Therefore,
future investigations should include additional samples, a variety of
facilities, detailed medical information on patients, and character-
istics of patient behavior, including disease of patients, social and
cultural differences, individual physiological conditions, etc.
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