
1. Introduction

1-1 Background

  With the increasing of the elderly, Japan ushered 
into super-aged society. Japan built a rich variety of 

elderly facility with high density. And, because of the 
high rate of the casualty in elderly facility fire, the 
fire of the elderly facility has become a social issue 

nowadays. For this issue, consider the fire safety 
system and education system’s construction is 
necessary. 
1-2 Literature review

  For this research, the literature review as the 

follow shows: 
(1) Kazuyoshi OHNISHI’s research 1)

From the research, the author determined that the
elderly facilities have insufficient fire safety measures 

for the night fire. Therefore, to cooperate with 
residents or organization in the area is necessary. In  

this paper, the research did not find the weak point 

through the anxiety of the elderly facilities for the fire 

safety measures for the night fire.  
(2) Taichi YAMAMURA’s research 2)

According to the experiment of evacuation, the
researcher determined the situation of evacuation 
time in the fire through the human behavior. In this 

paper, the research did not clarify the factors that 
impact the evacuation time in the fire through the 

staff of elderly facilities’ anxiety.  
(3) Hiroki MURAI’s research 3)

According to the experiment of evacuation, the

researcher determined the elderly facilities’ current 
situation that the fire safety training would become a 

burden to the staff and residents. However, the fire 
safety training is necessary for the facilities. The 

research did not clarify the current situation of staff ’s 
fire safety training. 
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(4) Atsunori HAYASHIDA’s research 4) 
  From the research, the author determined that the 
smoke spreading is quite critical in elderly facilities’ 
fire. In addition, elderly’s reaction for smoke may 
become slow. Therefore, the smoke prevention 
measure became very important. In this paper, the 
research did not clarify the factors that impact the 
smoke spreading in the fire through the staff of 
elderly facilities’ anxiety.  
��� 7KH PHWKRG DQG WKH SXUSRVH RI WKH UHVHDUFK 

This research distributed questionnaire to 348 
elderly facilities in Kumamoto, Hokkaido (Sapporo 
and Otaru), Nagoya and Kobe. According to process 
and analyze the result of the questionnaire, the 
research determined the current situation of the 
facility’s fire safety system and education system’s 
construction. And the result could provide the basis 
for the further research for any other new education 
method in the future. 
�� 7KH TXHVWLRQQDLUH UHVHDUFK 

��� 7KH RXWOLQH RI WKH TXHVWLRQQDLUH UHVHDUFK 

����� 7KH RXWOLQH RI WKH UHVHDUFK H[HFXWLRQ 

  This research distributed the questionnaire in total 
348 elderly facilities in Kumamoto, Hokkaido 
(Sapporo and Otaru), Nagoya and Kobe. And the date 
of the questionnaire distribution as the follow shows. 
  Kumamoto: Jun 2013 
  Hokkaido (Sapporo and Otaru): August 2013 
  Nagoya: November 2014 
  Additional research: October 2015 
  Kobe: November 2016 

The situation of the questionnaire’s distribution 
and recycle as the follows shows. (Table 1) 

 
7DEOH���7KH�VLWXDWLRQ�RI�TXHVWLRQQDLUH̓V�

GLVWULEXWLRQ�DQG�UHF\FOH�

 Distribution Recycle The ratio of 
recycle 

Kumamoto 128 101 78.9% 
Hokkaido 55 31 56.4% 
Nagoya 43 33 76.7% 

Additional 
research 33 21 63.6% 

Kobe 89 51 57.3% 
Total 348 237 68.1% 
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��� 7KH DQDO\]DWLRQ RI WKH TXHVWLRQQDLUH 

����� 7KH FXUUHQW VLWXDWLRQ RI WKH HOGHUO\ IDFLOLW\ 

The related information about the usage of the 

elderly facility (Figure1), in 237 respondents, special 

elderly nursing home is the most, accounting for 46.0 

percent. 46 respondents made multiple selections. 

Besides, 78 respondents selected the option “other”. 
The contents of option “other” included in-home 

long-term care support office, light cost nursing home, 

elderly nursing home and nursing home for blind 

elderly.  

For the architectural type (Figure 2), the 

architectural type was separated into conventional 

type and unit type, the conventional type includes 

side corridor type, central corridor type and corridor 

type. The unit type is a new architecture type of the 

elderly facility. In 237 respondents, most of the 

facilities are conventional type, accounting for 43.5 

percent. The second is unit type, accounting for 25.3 

percent. The third is the facility have both types, 

accounting for 6.8 percent. 

For the identity of the respondents (Figure4), most 

of the respondents are in charge of fire 

administration in the elderly facility, totally 

accounting for 84.0 percent. (Figure3) In addition, 

more than half respondents have experience of being 

the fire administrator, totally accounting for 70.4 

percent. Therefore, their opinion could represent the 

current situation of the elderly facility. 

����� 7KH UHVSRQGHQWV¶ DQ[LHW\ IRU WKH HYDFXDWLRQ 

V\VWHP 

In the anxiety for the evacuation system (Figure5), 

the option “No balcony or no route to balcony” is the 
most, accounting for 21.5 percent. And the whole 

options were organized into three groups, “Anxiety for 
the redundancy of evacuation route”, “Anxiety for 
insufficient smoke spreading measure” and “Anxiety 

for the facility with insufficient evacuation space”. 
Then the groups were used in the analyzation of the 

mathematical quantification theory class III (short for 

MQTC III). The item of the MQTC III as the follows 

shows. (Table2) 

For analyse the reason of the respondents’ anxiety  
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7DEOH���7KH�LWHP�RI�WKH�047&�,,,��(YDFXDWLRQ�6\VWHP��

 

7DEOH���7KH�FRQWULEXWLRQ�UDWLR�RI�WKH�047&�,,,�

�(YDFXDWLRQ�6\VWHP��

Anxiety for the facility 

● Insufficient 
evacuation space 

■ 
The redundancy of 
evacuation route 

◆ 
Insufficient smoke 
spreading measure 

Architectural type 
▲ Conventional type 

▲ Unit type 

Equipment 

□ Natural smoke eject 
system 

◇ Electronic unlocking 
system 

○ Evacuation 
equipment 

The stair’s and 
elevator’s door have no 
linkage with the smoke 

detector 

△ Yes 

△ No 

Solution Eigenvalue 
Contribution 

Ratio 

Cumulative 
Contribution 

Ratio 
1 0.219832 0.219832 0.219832 

2 0.166192 0.166192 0.386024 

3 0.13162 0.13162 0.517644 

4 0.122648 0.122648 0.640292 

5 0.106185 0.106185 0.746476 

6 0.098861 0.098861 0.845337 

7 0.083745 0.083745 0.929082 

8 0.070918 0.070918 1 

Total 1   
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7DEOH���7KH�UHVXOW�RI�FDOFXODWLRQ�ZLWK�047&�,,,��(YDFXDWLRQ�6\VWHP��

 
Item Category Axis1 Axis2 

Anxiety for 
facility 

Insufficient 
evacuation space 

   Yes -1.194877282 0.13561402 

No 1.556119251 -0.176613607 

The redundancy of 
evacuation route 

Yes 0.099120059 -3.585329648 

No -0.02202668 0.796739922 

Insufficient smoke 
spreading measure 

Yes 1.078151846 1.950742945 

No -0.539075923 -0.975371473 

Architectural type 
Conventional 0.174829039 -1.255083125 

Unit  -0.178396979 1.280697067 

Equipment 

Natural smoke 
exhaust system 

Have 0.957204363 0.390550735 

None -1.536564899 -0.626936707 

Electronic unlocking 
system 

Have 1.399606384 0.14069133 

None -1.822743198 -0.183225918 

Evacuation 
equipment 

Have 1.299379994 -1.295775606 

None -0.997738209 0.994970555 

Stair's and elevator's door have 
linkage with smoke detector 

Have 0.451138774 -0.220262527 

None -0.460345687 0.224757681 
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for the facility. The research used MQTC III as the 

method to execute the analyzation. According to the 

calculation with MQTC III. The contribution ratio 

and cumulative contribution ratio as the table shows. 

(Table3) Although the cumulative contribution ratio is 

not high, the result of analyzation still could reflect 

the current situation of elderly facilities’ fire safety 
measure and its trend. The result of calculation was 

put into a scatter plot. (Table4) 

The result of the analyzation shows (Figure6), in 

Axis1, plus part is defined as “complete evacuation 

system”, the minus part is defined as “insufficient 

evacuation system”. In Axis2, plus part is defined as 

“the reason of respondents’ anxiety for evacuation 
through the living room”, minus part is defined as 

“the reason of respondents’ anxiety for evacuation 
through the passage”. Based on the type of 

architecture, the items in the scatter plot are 

classified into two large groups and based on the 

distance between items in scatter plot, two large 

groups are separated into four small groups any 

further. For the large group, In the upper group 

(Group 1 and Group 2), unit type as a new 

architecture type of the elderly facility, people no need 

have anxiety for the redundancy of the evacuation 

route because of such type of architecture have no 

passage. In the lower group (Group 3 and Group 4), 

the conventional type includes side corridor type, 

central corridor type and corridor type. These three 

types have a common point, they have long passage. 

In evacuation operation, it would play a great role in 

evacuation. The elderly, especially the elderly with 

low mobility, they need evacuation with wheelchair or 

stretcher, the passing condition of the passage would 

become an issue. Therefore, with the situation that 

the fire safety management is not clear, the 

respondents may have anxiety for the redundancy of 

evacuation route.  

For the small group, in Group 1, the unit type could 

evacuate the residents through the living room, a 

spacious, public space. The respondents no need to 

have anxiety about the evacuation route’s condition. 
However, lacking evacuation equipment would cause 

the evacuee could not reach an evacuation space 

timely, it would compress the evacuation space that 

could be used in a fire. Lacking electronic unlocking 

system and door- smoke detector linkage system, it 

would cause the door cannot locking or unlocking 

correctly in the fire. It could place the evacuee in a 

dangerous situation or the evacuee could not reach an 

evacuation space timely. In a sense, it would 

compress the evacuation space that could be used in a 

fire as well. Therefore, the respondents have anxiety 

for the insufficient evacuation space in the fire.       

In Group 2, based on the same reason, the 

respondents have no anxiety for the redundancy of 

the evacuation route. However, the unit type lacks 

extra openings to assistance the smoke exhaust, it 

mainly relies on active smoke exhaust equipment, 

such as using natural smoke exhaust system to 

exhaust the smoke by or according to fire doors to 

prevent the smoke spreading. All the measures rely 

on staff ’s manual control. In a sense, it needs staff ’s 
well training and awareness of fire safety. Although 

the electronic unlocking system is controlled 

automatically, it still has the risk of system failure, in 

that case, it will extend the time that exposure to the 

smoke and cause heavy casualties. The respondents 

may consider above factors and have no confidence for 

their facilities’ software and hardware construction, 

they have anxiety for the smoke spreading measures.    

In Group 3, the characteristic of conventional type 

is the long passage, it would be a key point in 

evacuation operation because all the personnel’s 
evacuation operation was executed through the 

passage. Therefore, the respondents have anxiety for 

the redundancy of the evacuation route. And the 

situation that the facilities lack electronic unlocking 

system could obstruct the evacuation operation, it 

may aggravate the respondents’ anxiety for the 

redundancy of the evacuation route. However, 

because of the passage have multiple openings, their 

function is equivalent to a passive smoke exhaust 

system. Especially side corridor type, it could assist 

the smoke exhaust system to exhaust the smoke, and 

the corridor type could exhaust the smoke according 
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to chimney effect as well, although the facilities lack 

natural smoke exhaust system, the respondents have 

no anxiety for smoke spreading measures.  

In the Group 4, based on the same reason, the 

respondents have anxiety for the redundancy of the 

evacuation route. The door - smoke detector linkage 

system could lock the door in fire automatically 

according to the smoke detector, to prevent the fire 

and smoke spreading. It expands the range of the 

evacuation space that could be used in the fire. The 

evacuation equipment’s using accelerated the speed of 
evacuees that reach the evacuation space, the 

evacuees have much more evacuation spaces to 

choose when the fire occurred. In a sense, this 

equipment expands the range of evacuation space. 

Therefore, the respondents have no anxiety for the 

insufficient evacuation space. 

����� 7KH DQ[LHW\ IRU WKH PDQDJHPHQW IRU WKH UHVLGHQWV  

In the anxiety for the fire safety system (Figure7), 

the option “Have anxiety for insufficient staff at 

night” is the most, accounting for 61.2 percent. For 

the analyzation of the MQTC III, the options were 

picked or organized into three groups, “Insufficient 
staff at night”, “Insufficient knowledge” and 
“Insufficient related training”. The item of the MQTC 

III as the follows shows. (Table5) 

For analyze the reason of the respondents’ anxiety 
for the management for the residents. The research 

used the same method to execute the analyzation. 

According to the calculation with MQTC III. The 

contribution ratio and cumulative contribution ratio 

as the table shows. (Table6) Although the cumulative 

contribution ratio is not high, the result of 

analyzation still could reflect the current situation of 

elderly facilities’ fire safety measure and its trend. 

The result of calculation was put into a scatter plot. 

(Table7) 

For analyze the scatter plot (Figure8), based on the 

different current situation of the elderly facilities’ 
staff and fire safety management, the research adds 

two additional axes, Additional Axis A and Additional 

Axis B. For the meaning of the Axis1 and Axis2, the 

plus of Axis1 is defined as “Sufficient fire safety  
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7DEOH���7KH�LWHP�RI�WKH�047&�,,,��7KH�PDQDJHPHQW�IRU�

WKH�UHVLGHQWV��

 

7DEOH���7KH�FRQWULEXWLRQ�UDWLR�RI�WKH�047&�,,,��7KH�

PDQDJHPHQW�IRU�WKH�UHVLGHQWV��

Anxiety for 

the staff 

● Insufficient staff at night 

■ Insufficient knowledge 

▲ Insufficient related training 

Working 
career 

□ Over 13 years 

□ Below 13 years (include 13) 

Beds per staff 
（Night） 

○ Below 20 beds (include 20) 
per staff (Night) 

○ Over 20 beds per staff 
(Night) 

Have own 

training 
manual 

△ Have own training manual 

△ No own training manual 

Share 
training 

experience 

 Share training experience ۍ

 No share training ۍ
experience 

Solution Eigenvalue 
Contribution 

Ratio 

Cumulative 
Contribution 

Ratio 

1 0.229359 0.229359 0.229359 

2 0.176661 0.176661 0.40602 

3 0.144805 0.144805 0.550825 

4 0.138875 0.138875 0.6897 

5 0.1334 0.1334 0.8231 

6 0.089078 0.089078 0.912178 

7 0.087822 0.087822 1 

Total 1   

住宅系研究報告会論文集 12　日本建築学会　2017.12

－ 212 －



 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

7DEOH���7KH�UHVXOW�RI�FDOFXODWLRQ�ZLWK�047&�,,,��7KH�PDQDJHPHQW�IRU�WKH�UHVLGHQWV��

 Item Category Axis1 Axis2 

Anxiety 
for the 
facility 

Insufficient 
staff at night 

Yes -1.210505842 -0.156245352 

No 1.144478251 0.147722878 

Insufficient 
knowledge 

Yes 0.357587919 -0.768467536 

No -0.64930438 1.395375262 
Insufficient 

related 
training 

Yes 1.249580463 0.219497058 

No -1.181421529 -0.207524491 

Working career 
Below 13 years (include 13) 1.035325005 1.194024936 

Over 13 years -1.372930985 -1.583380894 

Bed per staff （Night） 
Below 20 beds/staff (include 20) 0.417090141 0.813231503 

Over 20 beds/staff  -0.895517068 -1.746055874 

Have own training manual 
Have 0.94698355 -0.946981964 

None -1.355908264 1.355905994 

Share training experience 
Yes 0.774834222 -0.958011404 

No -1.067549372 1.319926823 
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awareness and measure with the strategy of 

quantity”, the minus part of Axis1 is defined as 

“Insufficient fire safety awareness and measure with 

the strategy of quality”. The plus part of Axis2 is 

defined as “Insufficient fire safety awareness and 

measure with the strategy of quantity”, The minus 
part of Axis2 is defined as “Sufficient fire safety 

awareness and measure with the strategy of quality”. 
For the meaning of the Additional Axis. In Additional 

Axis A, the plus part is defined as the “insufficient 

management measures”, the minus part is defined as 

“enough management measures”. In Additional Axis 

B, the plus part is defined as “quantity”, the minus 

part is defined as “quality”. The Additional Axis A 

separated the items into two groups according to the 

current situation of the respondents’ facilities’ staffs. 
In the group that upper the Additional Axis A (Group 

C and Group D), the item below 13 years means the 

staffs’ working career below 13 years, in another word, 
they have not gained enough experience in number of 

the bed per staff is below 20, in another word, the 

facility has enough staff working at night. Therefore, 

the respondents in this group have no anxiety for the 

insufficient staff at night. On the contrary, the group 

that below the Additional Axis A (Group A and Group 

B), it has item over 13 years and over 20 beds per 

staff, it means the facility has less staff than the 

group that upper the Additional Axis A. Therefore, 

the respondents have anxiety for the insufficient staff 

at night. However, their working career is much 

longer than another group, in another word, they 

have gained much more experience than another 

group. It shows that for address the issue about fire 

safety at night, each facility executes different 

strategy, one is the facilities rely on quality to cover 

the issue that the insufficient staff, another one is the 

facilities rely on quantity to cover the issue that the 

insufficient experience was caused by short working 

career.  

Another additional axis, Additional Axis B, 

separated the scatter plot into two parts as well, it 

mainly about the information of management for the 

residents from the aspect of method and awareness. 

The part that on the left of Additional Axis B (Group 

A and Group D), from the aspect of the method, the 

respondents neither have the behaviour that shares 

the training experience nor have training manual to 

make education for the recruit. From the aspect of 

respondents’ anxiety, the respondents neither have 
anxiety with insufficient knowledge nor have anxiety 

for insufficient related training. It means the group 

that on the Additional Axis B's left neither have 

enough method to improve the fire� safety level nor 

have willing to improve the current situation of fire 

safety, in another word, they have insufficient fire 

safety awareness. In another group, the group that on 

the Additional Axis B’s right (Group B and Group C), 

from the aspect of the method, these facilities share 

the training experience and according to making 

training manual to training the recruit. From the 

aspect of respondents’ anxiety, these facilities have 
anxiety for insufficient knowledge and related 

training. It means the group that on the Additional 

Axis B’s right have methods to strengthen the fire 
safety level so far, they still pay attention to the 

method of fire safety improvement and they thought 

that they still have space to improve it.  

For the overlapping part, in left overlapping part of 

the scatter plot (Group A), it shows the facilities rely 

on the quality with the insufficient method for the fire 

safety. The facilities did not organize their training 

experience as a training manual to spread the 

training experience to the recruit because of they 

adopt the strategy for fire safety that relies on quality 

and the respondents have no anxiety for the 

insufficiently related training. The respondents just 

have anxiety for insufficient staff at night because of 

the insufficient staff at night. In lower overlapping 

part of the scatter plot (Group B), it shows the 

facilities rely on the quality with sufficient method for 

the fire safety.  They organized their training 

experience as a training manual to spread the 

training experience to the recruit and sharing their 

training experience with each other. In addition, the 

respondents have anxiety for insufficient knowledge. 

The staff of facilities’ behaviour may come from such 
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subjective thought. For the development in the future, 

the research advised that the facilities that in the left 

overlapping part need take the facilities in the lower 

overlapping part as an example, organized the 

training experience as a training manual and got 

ready for spread training experience to the recruit. In 

the upper part of the scatter plot (Group D), it shows 

the facilities rely on the quantity with the insufficient 

method for the fire safety. The facilities did not share 

the training experience or organized their training 

experience as a training manual to spread the 

training experience to the recruit may because of the 

facilities adopt the strategy for fire safety that relies 

on quantity, the staff ’s working career is too short to 
have abundant experience or knowledge to share. In 

addition, the respondents have no anxiety for 

insufficient knowledge, it shows the respondents have 

not realized their knowledge lacking. In right 

overlapping part of the scatter plot (Group C), it 

shows the facility relies on the quantity with 

sufficient method for the fire safety. They organized 

their training experience as a training manual to 

spread the training experience to the recruit and 

sharing their training experience with each other. 

Because of the facilities adopt the strategy for fire 

safety that relies on quantity, the staff ’s working 
career is too short to receive sufficient training. It 

reflected on respondents’ anxiety correctly, the 
respondents have anxiety for insufficient related 

training and no need to have anxiety for insufficient 

staff at night. For improve the facilities’ fire safety 
level, the research advised that these facilities that in 

the upper overlapping part need take the facilities in 

the left overlapping part as an example, according to 

sharing the knowledge and experience from fire 

safety training to improve the staff ’s fire safety 
knowledge and experience level.  
�� &RQFOXVLRQ 

��� 7KH FRQFOXVLRQ RI WKH TXHVWLRQQDLUH UHVHDUFK 

From the analyze the scatter plot of the evacuation 

system and the management for the residents, the 

research comprehended the current situation of the 

elderly facility. 

����� 7KH DQ[LHW\ IRU WKH HYDFXDWLRQ V\VWHP 

From the scatter plot of the evacuation system 

analyzation. For the architecture type, because of the 

characteristic of the conventional type, it may have 

potential risks in evacuation route from the aspect of 

management or design. However, from the aspect of 

smoke spread measure, even though the conventional 

type has insufficient smoke exhaust system, the 

corridor’s opening could assist to exhaust the smoke. 

Therefore, the respondents did not have anxiety for 

the smoke spreading measures.  

On the contrary, because of the unit type have no 

passage like conventional one, the respondents have 

no reason to have anxiety for the redundancy of 

evacuation route. However, in the condition that the 

facilities have insufficient evacuation equipment, the 

respondents still have anxiety for the evacuation 

space issue. In addition, because of the characteristic 

of the unit type, if the fire occurred, it relies on the 

active smoke spreading measure such as natural 

smoke exhaust system or electronic unlocking system 

to create the opportunity of evacuation. Whatever the 

equipment skilled operation or the automatic 

system’s reliable, it depends on the facilities’ strong 

hardware and software’s construction. Because of the 

respondents have no confidence for that, they have 

anxiety for smoke spreading measures.  
����� 7KH DQ[LHW\ IRU WKH PDQDJHPHQW IRU WKH UHVLGHQWV 

According to the analyze the scatter plot of the�

management for the residents, it shows that the 

elderly facilities address the fire safety issue at night 

in different ways, one is relying on the quality of the 

staff, another one is relying on the quantity of the 

staff. 

The scatter plot shows, the researched facilities 

separated into two parts from the aspect of method 

and awareness. One is neither have enough method 

nor have willing to improve it. Another group has 

enough method to strengthen the fire safety level and 

it still searches for more improvement space. 

  For this current situation, the first group needs set 

the second group as an example and improve its own 

awareness of fire safety. In addition, improve the alert 
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to the fire risk. 
  For the specific parts’ analyzation, there are four 
overlapping parts on the scatter plot. They present 
four current situations of the elderly facilities’ 
strategy and fire safety system’s construction. Group 
A shows the facilities because of their strategy that 
adopted quality relying, they have not prepared for 
experience teaching to the recruit. On the contrary, 
the Group B have methods to teach fire safety 
experience and knowledge to the recruit according to 
making training manual and sharing the experience 
with each other. Therefore, for the development in the 
future, the Group A should set Group B as an 
example and teach the recruit fire safety experience 
and knowledge according to making training manual 
and sharing experience with each other. Group D 
shows the facilities because of their strategy that 
adopted quantity relying, the staff ’s career is too 
short to gain enough experience to share with each 
other or making training manual. In addition, they 
have not realized their fire safety experience or 
knowledge’s lacking. On the contrary, the Group C’s 
facilities adopted the same strategy, but they have 
such awareness and taken action to gain their own 
experience and knowledge according to making 
training manual and sharing experience with each 
other. Therefore, for improving the level of fire safety 
awareness, Group D should set Group C as an 
example, gain their own experience and knowledge 
according to making training manual and sharing 
experience with each other. 
��� 7KH IXWXUH VXEMHFW 

In the future subject, for improve the accuracy of 
the questionnaire’ s result, the research would 
improve the content of the questionnaire，the method 
of the analyzation and expand the scope of the 
research’s object. 

The research also asked the information of the Fire 
Image Game to the respondents, as a new type of the 
education method, the examination for the effective of 
Fire Image Game is valuable. In the future subject, 
the research would increase the content of the Fire 
Image Game’s effective examination particularly. 
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