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Abstract

This article analyzes the spatial layout in Japanese nursing homes, and to clarify the core space and
spatial characteristics of the common facility. By using the Space Syntax DepthMapX tool, we
analyzed 62 nursing homes from Japanese architecture publications. Then, we use the spatial
integration metric to identify the core space and transition of the common core facilities. The result
shows the core space changed from the corridor in the 1980s to the hall nowadays; the community
space and physical training room have also become the common core facility in Japanese nursing
homes.
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1.0 Introduction

Along with the rapid progress of the ageing society in Japan, more elderly would move to
nurse homes, which leads to the increasing importance of spatial structure in nursing
homes, particularly the shared(common) facilities, because they are closely related to
residents’ social life.

But what are the characteristics of spatial structure in Japanese nursing homes?
Especially after the nursing homes were transited from large-scale care type to unit care
type in the 2000s(Murakami, 2011), what spatial structure had been changed? What had
happened to shared facilities like community space, physical training room, service station,
and dining room by this transition?

A quantitative mean and spatial metric would be helpful to provide the answer and
identify the transition of spatial structure in Japanese nursing homes in the past 35 years
and is also beneficial to provide the data for future spatial structure design in Japanese
nursing homes. The research on the characteristics of the spatial structure by Koike, Ueno,
Takano, et al. demonstrated that the Space Syntax(abbreviated as SS) theory is an
effective tool to quantitatively evaluate the spatial characteristics in public buildings such
as a museum, train station, shopping mall, etc.(Koike, 2011; Ueno, 2008; Takano, 2010).
Therefore, in this paper, we selected 62 nursing homes that were built in the year from
1978 to 2014 from Japanese architecture publications(Note 1) and applied the SS theory
to analyze the characteristics of spatial structure including the shared facilities such as
community space, physical training room, service station, and dining room, to provide an
understanding of the spatial characteristics and changes of the spatial layout of shared
facilities in Japanese nursing home in the past 35 years.

Based on the care service scale, we categorized the selected nursing homes into large-
scale care type(L) and unit care type(U). In the large-scale care type nursing homes, the
residents share multiple bedrooms, and care services are done on large scale. In the unit
care type, the residents own private bedrooms and the care services are done in separate
care units. Figure 1 is the selected nursing homes by care type and the build year.
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Figure 1: Number of Nursing Homes and Care Type by Construction Period
(Source: created by author)
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2.0 Literature Review

The spatial structure of the shared facility is a study of concern in Japanese nursing homes.
There is much research reported so far. However, most of the studies focused on the
impacts of common space on residents’ social life. By observing resident environmental
behaviour or interview resident daily activities, these studies verified the utilization and
importance of shared space to resident social life. The researches done by Inoue, Kato,
Mori S., Kozuma, Toyoma, Murakami, and Mori K are typical examples of these
studies(Inoue, 1990; Kato, 2007; Mori S., 2007; Kozuma, 2015; Toyoma, 2002; Murakami,
2003; Mori K., 2014).

By analyzing the actual utilization status and based on the behaviour observation for
over 50 residents in 3 nursing homes, Inoue put forward the topic of the necessity of having
common facilities in the nursing home(Inoue, 1990). Kato researched factors to improve
residents living quality(Kato, 2007). Further, by the analysis of actual care activities and
people’s movement in shared space, Mori pointed out the problem in current nursing home
common space designing that some of the care functions which should perform in the
common area were packed into a private room(Mori S., 2004). Kozuma proposed a living
space layout rearrangement to improve residents’ stay and routines of movement(Kozuma,
2015). Moreover, by clarifying the essential elements in residents’ daily life and environment,
Murakami proposed a common area plan design(Murakami, 2003). Mori explored the
design flexibility of dining room space based on the investigation on resident diversity use
of dining room space(Mori K., 2014). Besides, Kan.S conducted space syntax analysis on
four Japanese nursing homes, concluded to widen the facility and front room hall to secure
communication within residents(Kan, 2012).

Although these studies investigated the effectiveness of shared space in affecting
resident living quality, the research results didn’t provide systematic spatial characteristics
of common areas. The research methods were mainly limited to environmental behaviour
observation and interviews on resident daily activities. Kan.S applied SS theory to analyze
spatial characteristics in nursing home facility hall(Kan, 2012), but the study was limited on
the hall’s visible scope. Further, the ISOVIST research method was based on the panoptical
view scope. It is helpful for wayfinding in the urban fabric but is ineffective in evaluating
spatial characteristics in relatively small spaces like inside nursing home buildings and with
complex route connections(Nes A.,2012). Also, the research was from only four nursing
homes; it did not provide comprehensive characteristics of spatial structure for most nursing
homes in Japan.

3.0 Methodology

3.1 Method and Measure
We applied the Space Syntax theory in this study. The approach quantifies and analyzes
the properties of architectural space by a set of spatial attributes; connectivity, depth, and
integration(Hillier, 1996).
The depth measures topological steps(turnings) from one space to another, its value is
3
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one for immediate neighbour space.

The integration expresses the relative depth of one space from the others. It is a
fundamental indicator of spatial centrality, which can predict the pedestrian use of the
space: the higher integration of a place, the greater centrality of this space within others,
and the easier of people to get together in there(Dettlaff, 2014). It is the primary metric to
describe the characteristics of the spatial structure of Japanese nursing homes in this
research.

Besides, the connectivity attribute measures the number of immediate neighbours that
directly connect to the area. It reflects the available access routes; the higher connectivity
of the space, the more paths there are to this space.

UCL DepthMapX, the computer tool deployed by SS theory, provides different
approaches to calculate space characteristics(Varoudis, 2013). One of the approaches in
SS theory is the convex map which utilizes vertical boundaries to convert 3D space to some
fattest or largest 2D convex map(also referred to as a convex polygon) and establishes the
connection based on the availability of direct access(Peponis, 2002; Klarqvist, 1993).
Because it is suited for defining spatial structures such as building interiors more than the
visual scope like in the ISOVIST method(Daniel, 2013), we applied the convex map method
in this article for spatial characteristics analysis.

The floorplan of each selected nursing home is scanned and converted to an AutoCAD
file, which is then imported to the DepthMapX tool to create convex maps. Based on the
space function, each space unit is presented by one or multiple convex maps and uses the
least number of the convex map to cover all the units. The wall, any partition which
separates spaces, is taken as a boundary while doors and openings are connection points.
For multi-story buildings, all common facility floorplans are analyzed, where the elevators
and staircases are connection points.

However, it should be aware that this analysis method abstracts space to a 2D graph,
and the analysis is performed on the morphological structure of the charts, which neglects
precise space location(Dawes, 2013).

3.2 Core Space and Common core Facility
In this article, the space with the highest integration value is referred to as core space. And,
among all common facilities, the community space, the service and care station, the dining
room, and the physical training room(such as rehabilitee room, fitness club) are four main
common facilities which are usually frequently used in resident’s daily life. We mainly
analyze these four common facilities. Hereafter, we refer to the space occupied by them as
shared(common) space.

Further, to analyze the common space transition, the common facility with the highest
integration value is referred to as the common core facility.

4.0 Findings and Discussion

4.1 Analysis of Nursing Home Core Space
4
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Based on the floorplan of each nursing home, the core space is analyzed. The result tells
following area corresponds to the core space in a Japanese nursing home.

A
B.

C.
D. Common facility — it includes the community space, physical training room, dining

E.

Corridor — the main or long corridor in a nursing home.

Connection corridor — the corridor which links different facility areas such as two
care units in unit care nursing home.

Hall - the entrance hall, reception lobby, lounge, and EV hall, etc.

room, and service station.
Other - all other spaces like the staircases, terrace, etc.

Table 1 and Figure 2 show the number of nursing homes grouped by each core space
and the distribution.

Table 1: Number of the nursing home by different kind of core space (Source: Created by author)

Connect Common

Build period  Corridor . Hall Other Total
corridor space
1975 2 1 3
1980 6 2 8
1985 4 3 7
1990 5 2 2 9
1995 5 2 3 1 11
2000 2 1 2 3 8
2005 3 2 2 7
2010 4 5 9
Total 24 10 20 6 2 62
% Distribution of core space in Japanese nursing home, %
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Figure 2: Distribution of core space in Japanese nursing home
(Source: created by author)

Figure 2 tells that the central core space has been changed from a corridor in the 1980s
to a hall in the 2010s. In detail:

1.The corridor is the central core space in Japanese nursing homes built before the
2000s; it accounted for 70%~80% in the 1975s~1980s and went down to less than 25%
after the 2000s.

2.The connection corridor started to be core space from the 1995s and increased
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gradually up to 44% in the 2010s.

3.The hall space appeared to be core space in all periods, and it became the central
core space after the 2010s, reached 55%.

4.The common facility started to be core space after the 1995s and reached 28% in the
2005s.

(1) Corridor core space
The nursing homes with corridors as core space were mainly built in the 1980s to 1995s as
large-scale care types. At that time, there was no regulation about unit care type nursing
home(Murakami, 2003).

Figure 3(left) is an example of this kind of nursing home built in the year 1982. There is
a “D” shape long corridor within the floor; all living rooms and service facilities are allocated
to the two sides of the corridor. It is the corridor that became the core space. The SS
integration result in the right of the Figure3 also confirms this conclusion, where the result
of integration is coloured based on its value. The high value of well-integrated location to
the poor is represented from thick to thin.

==

PT PR 1rabeng reary

Figure 3: Typical floorplan(leﬂ) and integration result(right) of a nursing home with the long corridor
as core space
(Source: Created by author)

(2) Connection corridor core space
The nursing homes with connection corridors as core spaces were built after the 1995s and
gradually increased.

Figure 4 is an example of this type of nursing home built in the 2005s. There are five
care units on the floor, and each has ten private bedrooms. The care units are allocated in
three areas and connected by connection corridors. The SS calculation shows that the
connection corridor is the core space, as shown in Figure 4(right), where the number in the

6
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figure is the order from high SS integration to low.
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Figure 4: Typical floorplan(left) and integration result(right) of a nursing home with connection

corridor as core space
(Source: Created by author)

(3) Hall core space

This type of nursing home appeared in all periods in our investigation and increased after

the 2000s when the nursing homes changed to unit care type, reached 55% in the 2010s.
Figure 5 is an example of this type of nursing home built in the year 2013. There are

five care units and one lounge area on the floor. The lounge is the centre that serves as a

connection among each care unit. The SS calculation also confirms the lounge is the core

place, as shown in Figure 5(right).

LFE L iving rovem
Halt st g

Figure 5: Typical floorplan(left) and integration result(right) of a nursing home with the hall as core
space
(Source: Created by author)

(4) Common facility core space
This type of nursing home come out after the 1995s and reached 37.5% market share in
the 2000s. In this type of nursing home, the common facility became more spatially central,
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especially after the 2000s.

The example shown in Figure 6 is a nursing home built in the 2005s, where there are
three care units located on the low half side of the site plan; a community space is in the
centre. The SS calculation also shows that the community space is the core space.

The other nursing homes in this category also show a similar spatial layout. The shared
facility was either allocated in the centre of the site plan or surrounded by different care
units.

Figure 6: Typical floorplan(left) and integration result(right) of a nursing home with community space
as core space
(Source: Created by author)

4.2 Common core Facility
Similar to core space analysis, based on the result of the highest spatial integration of
shared facilities, we classify nursing homes into the following four core facility types by
considering the order of integration.
A. Community space core type, where the community space is core facility.
B. Physical training room core type, where the physical training room is core facility.
C. Service station core type, where the service station is core facility.
D. Dining room core type, where the spatial integration of dining room is the highest
in the four common facilities.

(1) Changes over time
Table 2 and Figure 7 show the number of nursing homes by core facility and distribution
over the construction period.
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Table 2: Number of nursing homes by core facility (Source: Created by author)

Build period CS PT SS DR Total
1975s 2 1 3
1980 8 8
1985 7 7
1990 2 2 2 3 9
1995 2 7 2 11
2000 2 6 8
2005 2 1 4 7
2010 2 2 4 1 9
Total 10 5 40 7 62

Remark: CS, community space; PT, physical training room; SS, service station; DR,
dining room.
% Distribution by common core facility, %
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Figure 7: Distribution of nursing home by core facility
(Source: Created by author)

i) Community space core type
There are ten nursing homes in this category. Figure 7 tells that this kind of nursing home
commenced in the 1990s, and it keeps about 20% of shares up to now.

Table 3 is the floorplan and depth map result of CS core type nursing home. Within this
type, many community spaces are allocated in the central part of the floorplan, such as the
nursing home NH 24, NH 40(large-scale care type), and the nursing home NH 51(unit care
type). Another case is that community space is built as a separate building located either
in the central area or a connection point, like the nursing home NH55 in Table 3.

Both of the cases make the community space a high spatial integration place which
assures its easier access.
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Table 3: The community core type nursing home floorplan and convex map result
(Source: Created by author)

NHID | Care |Built year Floorplan Convex map and integration result Remark
type

24 L 1990 e | [Community
iy - kpace.

||Integration:

0.9920

NH average:

0.7577

40 | 1998 Community
space.
ntegration:
0.9062

NH average:
0.7737

5 U 2003 T ICommunity
/7!' A ispace.
f ) Integration:
1.1200,
1.0338
INH average:
0.8466

B e

SRR LR
5 U 2004 = o, o v— ICommunity
ispace.
Integration:
0.9322
NH average:
| 0.5767

£+

i) Physical training room core type
In addition to one in the 1990s, the others were built in the 2005s and 2010s. They are one
of the modern fashions in nursing homes. Table 4 shows the example of floorplan and
convex map result.

The physical training room within this type of nursing home tends to be in the central of
10
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a nursing home, such as the nursing home NH26 and NH72. The physical training room in
NH26 is in the topological centre and easy access from the two living areas and the service
area. The physical training room in NH72 is also located in the middle of the site plan,
making it high spatial integration.

Table 4: The floorplan and convex map results for the nursing home with physical training room as
the core type
(Source: Created by author)
NH ID (Care |Built year Floorplan Convex map and integration result Remark
WEe

26 1992 Physical
raining room
Integration:
1.2601

NH average:

0.9852

72 U | 2012 Physical
raining room
Integration:
1.3796

_ . NHaverage:

0.8924

iii) Service station core type

This kind of nursing home was distributed in all periods and is predominant in the 1980s.
As the nursing home transferring from large-scale care type to unit care since the 2000s, it
declined to about 33% in the 2010s.

Table 5 is the floorplan and convex map result for nursing homes where the service
station is the core type. The service station in NH11 and NH32 is allocated in the geological
center of the floorplan. The NH52 and NH61 are two unit-care type nursing homes.
Although the service station is not in the geological centre, it has more connections to the
surrounding space, making it more spatially integrated.

11
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Table 5: The floorplan and convex map result of the nursing home with service station as core type
(Source: Created by author)

NH ID Care |Built year Floorplan Convex map and integration result Remark
type

1" L 1982 Service
istation
ntegration:
1.9041

INH average:
1.3352

32 | 1995 Service
istation
ntegration:
1.3475

INH average:
0.9021

52 | 2003 Service
istation
ntegration:
1.2007

NH average:

0.8796

61 2005 Service
istation
ntegration:
1.1543

INH average:

0.9310

iv) Dining room core type

There are seven nursing homes in this category, scattered from the 1975s to the 2010s.
Table 6 shows two examples of this type. The nursing home NH25 built in the year 1992

has the dining room allocated to the floor centre. The dining room in NH73 was geologically

located on one side, but it has more connections with the surroundings, making it high

spatial integration.

12
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Table 6: The floorplan and convex map result of nursing homes with dining room as core type
(Source: Created by author)

NH ID (Care [Built year Floorplan Convex map and integration result Remark
type
25 L | 1992 ) Dining room
R At Integration:
1.5895
INH average:
0.9841

73 U | 2012 Dining room
Integration:
1.4745

INH average:

0.9185

(2) Comparison by nursing home care type
Figure 8 is the distribution of nursing homes in each common core facility type; Figure 9 is
the average integration of the shared facilities in each care type.

% Nursing home distribution by common core facility type, %

100.0 7 85.7
. 700
800 60.0 -
007 o0 R 400 ey
40.0 + ; rree fa
! i
200 + . R :
0o L EENE A )

CS Core PT Core SS Core DR Core

Elarge-scale care B Unit care

Figure 8: Nursing home distribution in each common core facility type
(Source: Created by author)

Compared with the large-scale care type in Figure 8, there are more unit care nursing
homes where the community space and physical training room are the common core

13
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facilities, which accounted for 60% respectively in both groups. It means the community
space and physical training room have become the space with more spatial centrality in
modern unit care nursing homes. On the other hand, the large-scale type nursing homes
are predominant in taking service station and dining room as common core facilities.

Figure 9 shows that the spatial integration of averaged common core facilities
increased in unit care types. It means these common facilities, especially community space
and physical training room, have become the spatial centrality in modern unit care nursing
home spatial layout design.

Average integration in each common core facility

1.60 13373

140 12565 12917
1.20

o
S

tegration

KNS

" |

N

By

0.80 R
ey

= 0.60 ey
0.40 R
ey

0.20 ey
0.00 - I

CS Core PT Core SS Core DR Core
B Large-scale care BUnit care

Figure 9: Average integration in each core facility
(Source: Created by author)

5.0 Conclusion

The spatial characteristics of 62 Japanese nursing homes by space syntax theory clarify
the core space has been changed from the corridor in the 1980s to the hall space nowadays
in Japanese nursing homes. In detail:

(1) Most of the large-scale care type nursing homes were designed with a long corridor
or main corridor. Investigation shows this corridor is core space in 70%~80% of nursing
homes built in the 1975s~1980s, and this number got down since then, reached to less
than 25% after the 2000s.

(2) As the nursing home transferring from large-scale care type to unit care type, the
spatial layout also changed. The structure of multiple care units connected with the
connection corridor caused the connection corridor to be the core space in the unit care
type nursing homes, it accounted for 40% of nursing homes built in the 2010s.

(3) The lobby, entrance hall, lounge, etc., hall space has been the core space in all
construction periods. The number of nursing homes belongs to this core space type was
gradually increased after the 1990s, and it became the main spatial structure in the 2010s
by accounting for 55% in total.

(4) The community space, physical training room, service station, and dining room, etc.,
common facilities started to be core space after the 1995s. There was an uptrend in the
2000s which reflects the changes of the shared facility in modern nursing home spatial
layout design.

14
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About the spatial characteristics of shared facilities, analysis shows:

(1) The service station was the shared core facility in almost all nursing homes built in
the 1980s and 1985s, but the proportion went down in nursing homes built after the 2000s,
reaching 33% in the 2010s.

(2) The community space began to emerge as common core facilities from 1990 and
kept its shares of about 20% until 2010. Besides, the physical training room also appeared
to be the core facility in some nursing homes built after the 1990s. It accounted for 22% in
the 2010s.

(3) Comparing core public facilities in large-scale care type and unit care type shows
that more unit care nursing homes have community spaces and physical training rooms as
common core facilities, accounting for 60% each. Moreover, comparing the average spatial
consolidation of the two care types of nursing homes indicates that spatial consolidation of
common core facilities has increased for the unit care type of nursing homes. Both results
disclose the importance of community space and physical training rooms in modern nursing
home spatial design.
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Note

1) The nursing homes were selected from the following Japanese architecture publications:
Data File of Arch. Design and Detail, Vol.3, Dec. 1983
Data File of Arch. Design and Detail, Vol.34, Sep. 1991
Data File of Arch. Design and Detail, Vol.71, June 1999
Data File of Arch. Design and Detail, Vol.103, Nov. 2011
Shinkenchiku Vol.3,1980
Shinkenchiku Vol.12,1982
Shinkenchiku Vol.6,1983
Shinkenchiku Vol.6,2001
Shinkenchiku Vol.4,2004
Shinkenchiku Vol.10,2011
Shinkenchiku Vol.10,2012
Shinkenchiku Vol.12,2014
Contemporary Archi.Vol.3,2006
Contemporary Archi.Vol.2,2014
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