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With limited medical resources, it is of great significance for countries all over
the world to explore architectural design methods to enhance the value of
medical facilities. Therefore, it is very necessary to carry out an extensive
international comparison. In order to grasp the research trend of healthcare
facilities in the world, this paper conducts co-occurrence analysis, cluster
analysis, and trend analysis of the keywords of 334 English articles and
153 Japanese articles related to healthcare facilities published in important
academic journals in the USA and Japan in the past 15 years. We not only
compare the similarities and differences in healthcare facility research between
the USA and Japan, but also explore the reasons for these differences. It is
found that by introducing three kinds of value variables, such as time, space,
and behavior, we can not only well explain the difference in the solution of
healthcare facilities in the USA and Japan to reduce medical costs but also
provide new ideas for architectural design to enhance the value of hospitals.
Based on the above analysis, a conceptual framework of value-based design
of healthcare facilities that combines the advantages of the USA and Japan is
proposed in this paper.

value-based design, evidence-based design, architectural planning, healthcare
facility, USA, Japan

Introduction

Healthcare systems all over the world are facing the problem of both improving
the quality of healthcare and controlling medical costs. Thanks to the booming medical
technology, the average human life expectancy has increased rapidly from the 40s before
World War II to nearly 80 years at present over the past three-quarters of a century.
However, due to the infinite increasing characteristics of healthcare services, medical
costs all over the world might increase faster during this period. For example, healthcare
costs in the USA reached 16.7% of GDP in 2019 (1). For developing countries, it is
also very necessary to effectively control medical costs to improve affordability while
improving the quality and accessibility of healthcare systems.
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Comparative study on characteristics of four clusters or cluster sets between the USA and Japan. (A) The articles selected from HERD. (B) The
Articles Selected from AlJ journals.

FIGURE 5
Typical SPRs in the USA. (A) SPR Type 1. (B) SPR Type 2. (C) SPR Standard of AIA GL 2006.

As for research methods, EBD occupies a central place in the number of acute care beds per 1,000 inhabitants (95) in Japan
USA, while Japanese architectural planning mainly refers to POE are much higher than those in the USA. On the other hand,
analysis or computer simulation based on field surveys. from the perspective of medical benefits, Japan’s medical costs

as a proportion of total health spending in GDP (1) are much
lower than those in the USA, but the average life expectancy
(96) is much higher than that of the USA. It is not so difficult
Cost-benefit analysis to find that the Japanese healthcare system is more cost-

effective than that of the USA just by doing a simple cost-

Discussion

As shown in Table 5, from the perspective of medical benefit calculation. Of course, the reasons behind the above
costs, the number of doctors (92) and nurses (93) per 1,000 phenomenon are very complex, and the following analyses of
inhabitants in the USA and Japan are almost the same, while healthcare facilities are made by introducing the concept of
the average length of stay in acute care beds (94) and the value variables.
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FIGURE 6

Typical patient rooms in Japan. (A) 4-beds PR in MJ hospitalin hospital PRs’ area (excluding Toilet):30.0m?, Average PRs’ area: 7.5m? per bed. (B)
Floor plan of care unit in MJ hospital 48 beds per floor, 34.7m? per bed. (C) 4-beds PR in MT hospital PRs' area (excluding Toilet):33.4m? Average
PRs' area: 8.4m?2 per bed. (D) Floor plan of care unit in MT hospital 47 beds per floor, 30.0m? per bed. (E) Floor plan of care unit in G hospital 38
beds West care unit 38 beds East care unit 76 beds per floor, 36.0m? per bed. (F) A group of PRs in G hospital PRs' area (excluding Toilet): 60.3m?
Average PRs' area:12.1m? per bed (G) PNs in PR. (H) PNs in unit hall. (J) Floor plan of care unit in K hospital.84 beds per floor, 39.5m? per bed 42
beds West care unit 42 beds East care unit (K) A group of PRs in K hospital PRs' area (excluding Toilet):141.1m? Average PRs’ area: 14.1m? per
bed.
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TABLE 5 OECD data (2019).

Country Average Number of Number of doctors Number of nurses Proportion  Life
length of acute care of total expectancy
stay in beds per health at 65
acute care 1,000 Per 100 Per 1,000 Per 100 Per 1,000 spending (women
beds inhabitants  beds inhabitants  beds inhabitants in GDP /men)
Japan 16.0 12.8 19.2 2.6 90.6 11.9 11.0 24.6/19.8
Germany 7.4 7.9 55.5 4.4 176.2 11.8 11.7 21.4/18.8
France 5.4 5.8 54.3 3.4 189.6 11.1 11.1 23.9/19.8
United Kingdom 6.2 25 120.1 3.0 334.2 8.2 9.9 21.1/18.3
USA 5.4 2.8 922 2.6 4202 12.0 16.7 20.8/18.2
TABLE 6 Summary of the relationships between value variables and outcomes.
Value variables Outcomes Medical Nurse Nursing Nurse Interdisciplinary Bed Construction
accidents stress observation collaboration communication management & operating
costs
Country
Time Length of 5.4 USA More High
stay (day)
16 Japan Less Low
Space  Bedarea 232and  USA Difficult Difficult Easy High
(m?) above SPRs
7.5~14.1  Japan Easy Easy Difficult Low
MPRs +
SPRs
Number of 1~2 USA, Japan ~ More Difficult Difficult
care units
per floor
3~4 Less Easy Easy
Activity Nursing  Primary NS USA, Japan High Difficult
system (NS)
Partnership Japan Medium Easy
NS
Team NS USA, Japan Low Difficult

Value variables

As mentioned above, the research topics and solutions
the healthcare with
resources are quite different in the USA and Japan. Through

for environment limited medical
further comparative study between the USA and Japan,
we found that time variables such as length of stay, space
variables such as bed area and the number of care units
per floor, and behavior variables such as nurse activities
and nurse system play key roles in care unit design. In
this paper, these variables are defined as value variables
(Table 6).

First, we discuss the length of hospital stay. The average
length of hospital stay in acute beds has fallen from 8.3 days
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in 1969 to 5.4 days in 2019 in the USA and from 34.4 days
in 1994 to 16.0 days in 2019 in Japan in order to cut medical
costs (94). We found that when the length of hospital stay falls
below a certain threshold, there will be significant changes in
the type of patient rooms, the layout of care units, the nursing
system, and so on. When the average length of hospital stay
is long enough, progressive patient care is considered as an
efficient way (97), and it is better to divide the care units
into different types, such as intensive care unit, step-down
care unit, and acute care unit in order to offer more suitable
care and environment for the corresponding type of patients.
On the contrary, when the average length of hospital stay is
quite short and inpatients become relatively serious, not only
does the classification of care units have little significance,
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Healthcare Design
Evidence-Based Approach Value-Based Approach
® Study on the relationships among ® Study on the relationships between
environmental design and functional layout and value variables (time,
organizational, provider, and patient space, and behavior).
outcomes. ® Design based on the value variables in
® Design based on the above evidence order to achieve safety, efficiency, comfort
in order to improve outcomes. and economy of healthcare facilities with
limited medical resources.
® Micro Perspective. ® Meso Perspective.
Comprehensive Judgment
Master Plan
Macro Perspective
FIGURE 7
Conceptual framework of value-based design.

but it is also advisable to use all SPRs in care units (66).
However, if the average length of hospital stay falls too short,
it may lead to a significant increase in the length of the nurse
walking, the difficulties of nursing observation, and nurse stress,
which will increase the construction and operating costs of
the hospital.

Second, the minimum bed area of acute care units is 6.4
m?/bed in Japan, which is only half of the AIA standard (64).
In addition, the average number of beds in acute care units in
Figure 6 is usually about 42 beds, and the average area of the
acute care units is about 1,520 m2. The care unit in Japan is more
compact compared with that in the USA, which is conducive
to shortening the nurse walking and improving the effect of
nursing observation and nurse communication. It should be
noted that although the bed area in Japan is not large, it does not
seem to have any adverse effects on the quality of care or safety
(64). Therefore, it is necessary to re-examine the suitable size of
the bed area.

Japan has advantages in the nursing system. For example,
PNS is a popular nursing system with a pair of two nurses
working together to provide care to patients. It can help nurses
learn from each other and reduce stress and errors, thereby
improving safety and quality. However, PNS needs to be bound
closely to the care unit planning. It is necessary to increase
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the bed area (Figure 6G) and outdoor staff-supported space
(Figures 6F,H,K) appropriately because there are always two
nurses working together (84, 85, 98).

Using value variables can help us understand or solve
problems in healthcare design from three dimensions of time,
space, and behavior rather than just one of them. Otherwise,
it is easy to create more new problems in order to solve
some problems, which will bring unnecessary complexity. For
example, cutting medical costs simply by shortening the length
of hospital stay may lead to the all-use of SPRs, which may
eventually backfire. In addition to the indoor environment,
the nursing system can also be taken into account to reduce
nurse stress, which may require only small changes in the care
unit planning.

Value variables and environment design
variables

The intent of EBD is to base the design decisions on
credible studies of healthcare facilities. However, environment
design variables used in EBD, such as windows, SPRs, and
comfortable waiting rooms, are useful during the phase of design
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FIGURE 8

Four care units on one floor. (A) Floor plan of care unit in | hospital 276 beds per floor, 29.6m? per bed. (B) Interdisciplinary team space in |
hospital. (C) Nurse counter in S hospital. (D) Floor plan of care unit in S hospital 144 beds per floor, 33.7m? per bed.
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development or interior design, but not during the schematic
design phase.

In the schematic design phase, the items like building shapes
or traffics, which are needed to be determined by architects, are
more closely related to the value variables, such as length of stay,
number of care units per floor, and the nursing system.

Conceptual framework of value-based
design

The effect of healthcare design depends largely on the
architect’s comprehensive judgment from a macro-perspective,
while the healthcare facility research represented by EBD mainly
explores the relationship between environmental variables and
specific outcomes from the micro-level. As the importance
of evidence is different in different scenarios, evidence choice
according to the actual situation is important for healthcare
design. In order to cover the gap between healthcare design and
research, we propose a framework for the value-based design of
healthcare facilities from the meso-level on the basis of EBD and
Japanese architectural planning (Figure 7).

In this paper, value-based design is defined as the
master planning and evidence choice through value variables
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(time, space, and behavior) to balance safety, efficiency,
comfort, and economy in healthcare facilities with limited
medical resources.

As shown in Figure 8A, instead of the usual two care
units per floor, there are four care units per floor in Y
hospital with 655 beds in total. According to this spatial
variable, an open public space for an interdisciplinary team
Figure 8B is designed in the center of the floor to facilitate
formal or informal communication among different specialized
professionals involved in healthcare with the overarching goal of
improving the safety and quality of patient care.

As shown in Figure 8D, Hospital S is a cardiology hospital
with four care units per floor. Because heart disease is a high
mortality disease and some heart attacks strike suddenly, the
value variable of emergency time needs to be comprehensively
considered together with the space and behavior value variables
in a hospital design. Therefore, in terms of space, four nursing
units are combined into one management unit to flexibly adjust
the number of beds in each nursing unit. In addition, in terms
of behavior, nursing activities are divided into three categories,
such as office work, drug preparation, and bedside nursing. One
central station, four service stations, and multiple nurse counters
(Figure 8C) are designed in the according location for efficient
three levels of care.
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Conclusion

1) The comparative study of the keywords of HERD and AIJ
articles can help researchers and designers to grasp the
research system of health facilities in the USA and Japan as
a whole and to clarify the position of one research topic in
the system and the relationship with other research topics.

2) The USA and Japan have their own strengths in the study
of healthcare facilities. EBD occupies a central place in the
USA, focusing on revealing the micro-mechanisms between

The

architectural planning approach adopted in Japan focuses on

environmental variables and healthcare outcomes.

the relationship between hospital layout and improving care
processes, increasing medical efficiency, and reducing health
care costs.

3) The differences reflected in the solutions of American and
Japanese hospitals in controlling medical costs can be well
explained by introducing three kinds of meso-level value
variables of time, space, and behavior. Value-based design
that combines the advantages of healthcare design in the USA
and Japan can largely bridge the gap between macro master
plans and micro evidence, which can help architects select,
integrate, and absorb the most appropriate research results
in healthcare design.

4) Through the coordination between different types of
value variables, the concepts and methods of value
design help to achieve the balance of safety, efficiency,
comfort, and economy of healthcare facilities under limited
medical resources.

5) The differences in the value of value variables in different
countries reflect the different cultural concepts and value
orientations behind them, and the understanding of this
point can help architects in developing countries to learn
from the experience of developed countries.

6) The limitation of this paper is that it only discusses the
value variables of the inpatient department, and further study
is required for the outpatient department and the medical
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