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Abstract— Assuming a nighttime situation in a dementia 

group home, assistance operations were performed under the 

condition of 1 assistant, transfer from a supine position to the 

floor with full assistance, and a low bed (height = 0.4 m).  

Assistance operations were performed under combinations of 4 

conditions: starting assistance from the head side, starting 

assistance from the foot side, female assistants with male 

evacuees, and male assistants with female evacuees. The 

assistance time was analyzed by dividing it into three operation 

phases, and it was found that the operation time of female 

assistants was longer. Further, when assistance was started 

from the head side, it took longer to pull the evacuee to the front 

of the bed, whereas when assistance was started from the foot 

side, it took longer to lower the evacuee from the bed to the floor. 

Since the purpose of the assistance operation was to evacuate 

evacuees from a fire, the experimental results and techniques of 

shortening the assistance time were examined. Considering that 

assistance may be given by people who do not have much 

strength, we showed the possibility of utilizing tools to reduce 

friction during the operation, such as slide sheets, to help pull an 

evacuee on the bed, to the front of the bed. As regards the 

assistance operation of lowering an evacuee from the bed to the 

floor, a technique was suggested of holding the evacuee's feet, 

pulling the buttocks to the front of the bed, and after placing the 

feet on the floor, lowering the evacuee onto the floor from the 

buttocks, followed by the waist, back, head and neck.  

 
Index Terms— evacuation technique, people unable to 

self-evacuate, dementia group home 

I. INTRODUCTION 

  In Japan, one of the welfare policies for the elderly is the 

Nursing Care Insurance System [1]. Under this care insurance 

system, welfare services can be received upon application by 
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elderly persons or their families. Welfare services include a 

home-based type, facility-based type and community-based 

type. Some welfare services of facility- and community-based 

types are offered to elderly people who cannot support 

themselves independently at home so that they can enter a 

facility and receive care in daily life [2]. Facilities for the 

elderly include special old people's nursing homes, 

large-scale institutions such as elderly health care facilities, 

and small-scale facilities such as dementia group homes [3]. 

All facilities are required by the Fire Service Law [4] to have 

fire evacuation drills at least twice a year, and these are 

conducted by each facility. 

  Since residents are elderly and some have dementia, it is 

difficult for many of them to evacuate on their own, and 

evacuation is therefore aided by assistants [5]. Methods of 

assisted evacuation are indicated in a legally mandated 

instruction manual [6] with a suitable technique being 

implemented by the parties involved depending on the 

situation. In particular, a dementia group home, which is a 

small-scale facility, should have a system of at least one night 

shift worker for nine people with dementia [7]. By law, 

sprinkler installation is obligatory regardless of the size of 

floor space even if it is a small facility [8], but if a fire occurs 

at night, depending on the situation, one assistant is needed to 

evacuate each resident quickly to a safe place. We are 

therefore conducting research on evacuation techniques for 

residents who have difficulty in self-evacuation in the event 

of a night fire at a facility for the elderly [9]-[13]. 

This study looked at evacuation techniques in the event of a 

night fire at a dementia group home. Specifically, assistance 

experiments were carried out under the condition of 1 

assistant, transfer from bed to floor with full assistance, and a 

low bed (height = 0.4 m). Based on the results, techniques of 

rendering assistance to lower the evacuee (resident) from the 

bed to the floor, which is the first step in evacuation, were 

examined. 

II. METHOD 

A. Subjects and experimental methods 

The subjects were healthy volunteers, and played the roles 

of assistants and evacuees. The assistants attempted to lower 

evacuees who were lying supine on a bed to the floor, and this 

experimental operation was recorded with a video camera. 

The subjects included 3 healthy men and 3 healthy women 

aged 20 years old or more. The 3 men had a height of 

167.7±4.6 cm, weight of 61.3±3.5 kg, and grip strength of 

(right) 44.7±6.4 kg, (left) 46.2±4.9 kg, whereas the 3 women 
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had a height of 158.2±2.0 cm, weight of 46.0±3.6 kg, and grip 

strength of (right) 29.0±1.0 kg, (left) 25.8±0.3 kg. All 

subjects were students who studied physical therapy at 

university, and had taken three 6-week clinical training 

instruction courses on how to give assistance. Their grip 

strength was measured by a Smedley-type dynamometer [14]. 

The measurement of grip strength was taken while standing, 

performed twice alternately for the left and right hands, and 

the maximum values of right and left were used as data. 

The assistance operation was recorded with a video camera 

(30 fps) from two directions, obliquely upward and sideway. 

The phases (operation steps) of the assistance were 

determined from the video file obtained, and their time (s) 

was determined. 

B. Transfer from bed to floor 

Assuming a typical room configuration at a dementia group 

home, the assistant lowered the evacuee from the bed 0.4 m 

above the floor, to the floor just in front the bed.  There were 

two techniques for lowering the evacuee from the bed. In one 

technique, "Assistance Technique 1" (Fig. 1), the assistant 

told the envisaged evacuee to evacuate, and immediately 

started to give help by lowering the evacuee's head on the 

floor, and then the whole body. In the other technique, 

"Assistance Technique 2" (Fig. 2), after the assistant told the 

envisaged evacuee to evacuate, assistance was started by 

pulling the evacuee to the front of the bed, lowering the feet to 

the ground, and then the whole body. The assistant repeated 

the two techniques three times each. Subsequently, assistants 

and evacuees interchanged roles.  A total of 180 operations 

were performed. 

 

 

 

 

 

 

 

 

 

 

Fig. 1 Assistance Technique 1 

 

 

 

 

 

 

 

 

 

 

 

Fig. 2 Assistance Technique 2 

C. Research ethics and safety considerations 

This study was undertaken after giving an explanation to 

subjects in advance, and obtaining their consent based on 

Hokkaido University of Science Research Ethics Application 

No. 224. Regarding safety considerations in the experiment, 

two soft mats were laid on the floor to prevent trauma even if 

the evacuee fell from the bed.  In addition, a collar protecting 

the neck was attached to the evacuee, and the 

electrocardiogram waveform, heart rate, and percutaneous 

arterial blood oxygen saturation (SpO2) were monitored. 

Personal information protection was taken into account when 

shooting videos, so that individuals cannot be identified. 

III. RESULTS 

The subjects performed assistance operations, and the 

operations were recorded with a video camera. There were no 

abnormalities in values of the electrocardiogram, heart rate, 

and SpO2 of the evacuee throughout the experiment. The file 

recorded by the video camera was replayed at intervals of 30 

fps using a personal computer and video editing software to 

determine the phase of the assistance operation. In both 

Assistance Technique 1 and Assistance Technique 2, three 

phases were set. The first phase was from when the assistant 

touched the evacuee's body until the evacuee started to move 

(Figs. 3, 6), the second phase was until a part of the evacuee's 

body came in contact with the floor (Figs. 4, 7), and the third 

phase was when the body of the evacuee was lowered to the 

floor, and the area of the contact surface between the 

evacuee's back and the floor was a maximum (Figs. 5, 8). The 

operation time of each phase was aggregated. 

 

 

 

 

 

 

 

 

 

Fig. 3 First phase (Assistance Technique 1) 

 

 

 

 

 

 

 

 

 

 

Fig. 4 Second phase (Assistance Technique 1) 

 

 

 

 

 

 

 

 

 

 

Fig. 5 Third phase (Assistance Technique 1) 
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Fig. 6 First phase (Assistance Technique 2) 

 

 

 

 

 

 

 

 

 

 

Fig. 7 Second phase (Assistance Technique 2) 

 

 

 

 

 

 

 

 

 

 

Fig. 8 Third phase (Assistance Technique 2) 

IV. DISCUSSIONS 

A. Assistance time 

Focusing on the assistant's force used in the operation, 

combinations of four conditions were compared (Table 1): a 

female assistant with a male evacuee, a male assistant with a 

female evacuee, and two types of assistance techniques. The  

Table 1 Four conditions 

 

 

 

 

 

 

 

 

 

 

 

 

assistance operation for each condition and the average time 

for each phase are shown in Fig. 9. Female assistants took 

longer than male assistants for both assistance techniques. In 

addition, as regards the average time for each phase, the 

second phase of Assistance Technique 1 and the third phase 

of Assistance Technique 2 accounted for half or more of the 

total time, respectively. 

Two-way configuration analysis of variance with repetition 

was used for the null hypothesis where there was no 

difference of assistance time due to assistant gender or 

assistance technique. Similarly, a parametric multiple 

comparison test (Tukey-Kramer technique) was used for the 

null hypothesis that there was no difference in the time of 

each phase. Both were performed with a risk rate of 5 % to 

conduct statistical analysis. 

Combinations between which there was a significant 

difference of average assistance time were Condition 1 and 

Condition 3, Condition 1 and Condition 4, Condition 2 and 

Condition 3. In particular, when Conditions 1 and 3 were 

compared, the assistance time of Condition 1 was 

significantly longer than that of Condition 3 by 18.93 

seconds, and the second phase was 14.77 seconds longer. The 

reason why the assistance time of Condition 1 was longer, 

was examined. The average values of left- and right-hand 

grip, which are a basic attribute of the subjects, were 27.4±1.9 

kg for women and 45.4±5.2 kg for men.  Grip strength is 

correlated with the muscle strength of skeletal muscle groups 

[15], hence it may be concluded that the force exerted by a 

female assistant is weaker than that of a male assistant.  

Further, the average values of body weight, which are a basic 

attribute of the subject, were 46.0±3.6 kg for women and 

61.3±3.5 kg for men.  From the above, a female assistant had 

less force to assist an evacuee than a male assistant, and in 

addition, a female assistant had to lower a male evacuee who 

is heavier than a female evacuee.  It is thought that this was 

why the assistance time was longer.  In facilities such as 

dementia group homes in Japan, there are many female staff 

[16], therefore the conditions with longer assistance time in 

this study mirror the actual situation. 

B. Assistance technique 

Differences of assistants and operation phases were 

examined for Assistance Technique 1.  For Conditions 1 and 

3 of Fig. 9 in which there was a significant difference of 

average assistance time, in particular, the second phase of 

Condition 1 took about 15 seconds longer than the second 

phase of Condition 3. Examining the second phase of 

Assistance Technique 1 by means of videos revealed that it 

took time for the assistant to pull the evacuee, who was lying 

supine on the bed, to the front of the bed. The assistant was 

pulling the evacuee's buttocks and trunk alternately to the 

front. In the case of a female assistant, the distance pulled to 

the front in one assistance motion was short, so the operation 

had to be repeated many times. This is considered to be due to 

the assistant's weak force. 

Differences between assistants and operation phases were 

also examined for Assistance Technique 2. There was no 

significant difference between average assistance times for 

Condition 2 and Condition 4 in Fig. 9. The third phase of 

Condition 2 took about 12 seconds longer than the third phase 

of Condition 4. When the third phase of Assistance 

Technique 2 was examined by videos, it apparently took 

longer to lower the evacuee, who was at the front of the bed, 

onto the floor.  Whichever the assistant, if the evacuee were 

rapidly lowered from the front of the bed to the floor, an 

impact could have 
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occurred, which was similarly caused by falling. Therefore, 

while carefully protecting the head, the evacuee was lowered 

slowly in the order of buttocks, waist, back, shoulders and 

head. As in the second phase of Assistance Technique 1, the 

body parts that could be moved by one operation were limited 

locally to the buttocks and lower legs, and the operation had 

to be repeated many times. 

Comparing Assistance Technique 1 and Assistance 

Technique 2, there was no significant difference in the 

average assistance time for Conditions 1 and 2 between 

female assistants, and Conditions 3 and 4 between male 

assistants.  From this, it may be concluded that there is no 

significant difference in assistance time between the two 

techniques in the case of persons having the same level of 

forces used in assistance operation. 

There was a significant difference between Condition 1 and 

Condition 3 when a female assistant was compared with a 

male assistant. From this, it can be concluded that the 

assistant's force strongly influences the time of the operation 

in Assistance Technique 1.  In particular, when the second 

phase was short, the whole assistance time was short.  In other 

words, in the second phase, if the evacuee can be quickly 

pulled by a weak force, an assistant with weak force may be 

able to assist in a short time.  For Assistance Technique 2, 

there was no significant difference in assistance time 

depending on the evacuee.  From this, it can be concluded that 

the influence of the assistant's strength in Assistance 

Technique 2 is not as great as for Assistance Technique 1.  

Thus, there can be evidently room for shortening the 

assistance time by improving the assistance procedure. 

C. Shortening the assistance time 

Since the purpose of the assistance operation was to 

evacuate evacuees from a fire, the results were used to 

examine techniques of shortening the operation.  In particular, 

it was considered that an assistance operation might have to  

 

be performed by persons with weaker force such as the 

female assistants who carried out the experiments. Particular 

attention was also paid to the second phase of Assistance 

Technique 1 which included an operation for pulling the 

evacuee to the front of the bed, and the second phase and third 

phase of Assistance Technique 2 which included an operation 

for pulling the evacuee to the front of the bed and lowering 

him or her onto the floor. 

According to the experimental results, in the second phase 

of Assistance Technique 1, the assistant pulled each part of 

the evacuee's body again and again. It was therefore 

considered how the assistant could pull the evacuee to the 

front end of the bed with fewer actions.  In the caregiving 

field, a low friction slide sheet [17], which can help even a 

weaker assistant transfer a person sleeping on a bed, may be 

used. 

In terms of the muscle activity of each part of the body, 

when the person is horizontally moved on the bed, 

comparison between using human hands and using a slide 

sheet reveals that the required strength of the muscle activity 

is about 30 to 70 % less when a slide sheet is used [18]. This 

suggests the possibility that fewer assistance operations may 

be required and the evacuee can be pulled in a short time even 

by a weak force by using a tool for reducing friction such as a 

slide sheet (Fig. 10). When using a slide sheet, it should be 

considered whether the slide sheet should be laid in advance 

between the bed and the sheets, or the sheet should be kept in 

another place at normal times, and if the assistant brings a 

slide sheet in, it should not be forgotten that there is the extra 

work of laying the slide sheet between the bed and the 

evacuee before performing the assistance operation. 

We examined the second phase and third phase of 

Assistance Technique 2 to make them more efficient without 

using auxiliary tools.  According to the lever principle based 

on biomechanics [19], an assistance operation to lift part of 

the body of an evacuee lying supine on the bed corresponds to 

Fig.9 Assistance phases and times 
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a Type 2 lever operation [20], and it may then be easier to  

 

 

 

 

 

 

 

 

 

 

 

Fig.10 Using a slide sheet 

move both feet than the head. Here, the assistant holds the 

evacuee's feet, pulls them until the evacuee's buttocks come 

to the front of the bed, and then lowers both soles on the floor 

(Fig. 11). Next, an operation that can be considered is that the 

assistant lowers the evacuee onto the floor in the order of 

buttocks, waist, back, head and neck while supporting both 

the lower limbs and back of the evacuee with both hands (Fig. 

12). In the second phase, the evacuee is carefully pulled 

sufficiently close to the front of the bed so that the evacuee 

does not fall down, and in the third phase, not to give a large 

impact when lowering the buttocks on the floor. 

Subsequently, care should also be taken not to give a shock or 

allow excessive joint movement when lowering the neck. 

 

 

 

 

 

 

 

 

 

 

 

 

Fig.11 Assistance Technique 2, Second phase 

 

 

 

 

 

 

 

 

 

 

 

           

Fig.12 Assistance Technique 2, Third phase 

 

D. Limitations of the study 

The subjects of this study were healthy volunteers. In the 

experiment, a treatment bed was used, and bedding such as 

sheets and mats which increase friction were not used. There 

was no furniture in the area, which is different from an actual 

living room environment. Further, a night fire was assumed, 

nevertheless, under a bright environment with lighting, there 

was not smoke or a wet floor surface with water discharged 

by a sprinkler. 

V. SUMMARY 

Assuming a nighttime situation in a dementia group home, 

assistance operations were performed under the condition of 

1 assistant, transfer from a supine position to the floor with 

full assistance, and a low bed (height = 0.4 m). Assistance 

operations were performed under combinations of 4 

conditions: starting assistance from the head side, starting 

assistance from the foot side, female assistants with male 

evacuees, and male assistants with female evacuees.  The 

assistance time was analyzed by dividing it into three 

operation phases, and it was found that the operation time of 

female assistants was longer. Further, when assistance was 

started from the head side, it took longer to pull the evacuee 

to the front of the bed, whereas when assistance was started 

from the foot side, it took longer to lower the evacuee from 

the bed to the floor. 

Since the purpose of the assistance operation was to 

evacuate evacuees from a fire, the experimental results and 

techniques of shortening the assistance time were examined. 

Considering that assistance may be given by people who do 

not have much strength, we showed the possibility of 

utilizing tools to reduce friction during the operation, such as 

slide sheets, to help pull an evacuee on the bed, to the front of 

the bed. As regards the assistance operation of lowering an 

evacuee from the bed to the floor, a technique was suggested 

of holding the evacuee's feet, pulling the buttocks to the front 

of the bed, and after placing the feet on the floor, lowering the 

evacuee onto the floor from the buttocks, followed by the 

waist, back, head and neck.  

In future, other techniques of giving assistance using a slide 

sheet and assistance for lowering from the bed to the floor 

will be considered. Additionally, an assistance technique for 

evacuating an evacuee in the horizontal direction on the floor 

will also be considered. In order to shorten the assistance 

operation time and reduce the assistance burden, evacuation 

techniques that can be implemented by weaker persons will 

continue to be evaluated. 
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