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Abstract: The report of the Nineteenth National Congress of the Communist Party of China put forward that we should
implement the "Healthy China Strategy" and actively deal with the aging of the population, The problem between the rapid
increase in the number of the elderly and their living environment needs to be paid attention to and solved urgently, and creating
a new pension environment has become a hot spot. In this study, the methods of ergonomics measurement, investigation and
analysis and data statistical analysis were used to obtain the data related to the human body size of the elderly, and a set of
reference standards for the size of aging facilities were put forward. Taking Huanggang Sanatorium in Duanzhou District of
Zhaoqing City as an example, the indoor of nursing homes environment was designed with the standard design dimensions
garden chairs and aromatic plants. In this environment, the relationship between the different concentrations of the fragrant
plants and the physical health indicators of the elderly was quantitatively analyzed through the research methods of human
physiology. Meanwhile, the outdoor environment of nursing homes with the standard design dimensions display garden facilities
was also designed. The study provides an objective data and scientific basis for the construction of green natural recuperation
environment and the study of landscape recuperation function in the future.
Keywords: Ergonomics, The Garden Facilities, Aging-friendly, Indoor and Outdoor Environment, Recuperation
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architecture to ensure the scale of the external environment,
facilities, and psychological proximity is designed for the
physical comfort of humans during their activities, rest, or
communication. Human scale is not a fixed value in a
landscape, but a variable that constantly changes according to
the scale of different human bodies or different population
groups. The body size of an elderly person is slightly smaller
than that of a young or middle-aged person. Such differences
may cause huge obstacles in the use of daily facilities. The
difference in the body size is more obvious for a disabled
elderly person in a wheelchair [3]. At present, the research on
the application of ergonomics in human scale design is mainly
focused on the furniture design in an indoor environment [4-6].
Jiao Ren studied the development trend of ergonomic design
based on seven kinds of furniture [7]. Pengyu Ren reported on
furniture design in a residential setting for the elderly, and
proposed that due to the subtle changes in the physical
dimensions of the aging body of the elderly, furniture should
be designed to their physiological and psychological needs [8].
Yan Li conducted a study on the kitchen design in the homes
of the elderly in northern cities in China; she analyzed the
characteristics and needs of their cooking and dining
behaviours, and investigated on the area, storage, furniture,
electrical appliances and decoration of the kitchens [9]. In
addition, studies were carried out in villas gardens [10], urban
outdoor furniture [11], campus landscapes [12], architectural
design [13-14], and public spaces within housing [15-16]
estates to investigate the application of ergonomics-based
design. However, no research or report has been published on
the application of ergonomics in an indoor or outdoor nursing
environment for the elderly.
Aromatic plants release volatile organic compounds (VOCs)
in the environment and act on the human body through
human’s sense of smell. At present, some researchers at home
and abroad mainly use essential oils [17-18] or forests for
recreation [19-20] to study the effects of volatile organic
compounds of plants on human health. Xiang Gao and Lei Yao
put people with hypertension in an outdoor area of aromatic
plants such as lavendula officinalis, origanum vulgare,
Pelargonium graveolens L'Herit., and Ocimum basilicum,
where they breathed in the natural aroma. The systolic and
diastolic blood pressures of the subjects were significantly
reduced [21]. Hexian Jin measured human physiological
indicators before and after her subjects smelled fragrance in an
outdoor garden and an indoor laboratory, and conducted a
questionnaire survey. She concluded that the plum aroma can
result in the decrease of the systolic and diastolic blood
pressures, heart rate, and electromyogram of the subjects and
achieve the effect of relaxing people’s mind [22]. The research
of Yan Gao showed that an environment of plants can reduce
the systolic pressure, diastolic pressure, and heart rate of
humans to a certain extent and help the body and mind to
become calm, relaxed, and stress-relieved [23]. Qi Lu et al.
measured the changes in blood pressure, heart rate, and
respiratory rate of normal health subjects and borderline
hypertensive subjects before and after they breathed Narcissus
tazetta L. var. chinensis Roem. aromas. They found that the

measured physiological indicators decreased significantly
[24]. The study by Jianjun Liao et al. has shown that VOCs in
plants had a strong effect on disinfection and skin permeability
and a moderate stimulating effect once the VOCs were
absorbed through human skin, mucous membranes, or mucous
membrane lining the respiratory tract, thereby enhancing
human immunity [25]. Reports show that in a forest with 95%
of the tree layer being Indonesian cinnamon, the physical
comfort level of that environment is classified as “very
comfortable”, and it has positive effect on human health [26].
The above research outcomes show that the external
environment with aromatic plants has a soothing effect on the
mood and a positive impact on both physical and mental
health. At present, there have been no reports or studies on the
placing of suitable aromatic plants in an elderly environment
and its impact.
This study investigated the dimensions of elder-friendly
facilities in indoor and outdoor environment for the elderly
population based on a large sample size. 7 places with many
elderly people were selected for field surveys. 100 local elderly
people were invited to complete a questionnaire, and their
ergonomic data were collected. This study measured, recorded,
and analyzed 10 indicators of the human body, namely the
height, sitting height, sitting knee height, sitting hip width,
sitting eye height, sitting elbow height, sitting depth, hip-knee
distance, shoulder width, and extended arm length. An
ergonomic research approach was used based on the acquired
values of the above indicators to propose a set of standard
dimensions for the design of garden facilities (such as garden
chairs, bulletin boards, wash basins, and balustrades), providing
objective basic data for elder-friendly facility development.
Afterwards, at Huanggang Nursing Home in Duanzhou District,
Zhaoqing, a new indoor nursing environment for the elderly
was created with garden chairs meeting the designed dimension
standards and aromatic plants according to this set of dimension
standards for elder-friendly facilities. A quantitative analysis
was carried out using an ergonomics-based method in this
setting to determine the correlation between the VOC
concentration of Hedychium coronarium and the physiological
indicators of the elderly people. An outdoor nursing
environment with display garden facilities meeting the designed
dimension standards was also designed.

2. Method
2.1. Experimental Geographic Locations
The surveys were conducted in seven places, i.e.,
Zengcheng Retired Home in Guangzhou, Yuexiu Park in
Guangzhou, Lianhuashan Park in Shenzhen, Paifang Park in
Zhaoqing, Chengdong Park in Zhaoqing, Liusha People’s
Park in Puning, and Huanggang Nursing Home in Duanzhou
District of Zhaoqing.
2.2. Experimental Methods
2.2.1. Ergonomic Measurement Method
The study directly measured the body size of the test subject.

Humanities and Social Sciences 2020; 8(1): 35-44

The Feida brand 50 m tape measure was used to measure
indicators of the human body. The study selected 10 indicators
of the human body, i.e., height (H), sitting height (SH), sitting
knee height (SKH), sitting hip width (SHW), sitting eye height
(SEYH), sitting elbow height (SEH), sitting depth (SD),
hip-knee distance (HKD), shoulder width (SW), and extended
arm length (EAL).
2.2.2. Survey Analysis Method
The study selected Guangzhou, Shenzhen, Zhaoqing and
Puning in Guangdong Province to conduct field surveys and
investigations, and selected females over 55 years old and
males over 60 years old for the questionnaire survey in
accordance with China’s current legal retirement age. The
study collected and analyzed human body data to summarize
the typical human body scale of the elderly population.
2.2.3. Statistical Analysis Method
The study used SPSS19.0 statistical software to perform
statistics and analysis on data.
2.2.4. Research Method on Human Physiology
The experimental subjects were 30 elderly people randomly
selected from Huanggang Nursing Home in Duanzhou
District of Zhaoqing. Among them, the proportions of males
and females were equal. The study selected four quiet, clean
and odorless enclosed rooms in the nursing home with an
indoor height of 3.5 meters and an area of 10 square meters as
the place for the indoor experiment. Given that the VOCs of
Hedychium coronarium are mainly emitted by their flowers
and the mass of flowers is positively correlated with the
concentration of VOCs in them, three elder-friendly spaces
with different VOC concentrations of Hedychium coronarium
and standard garden chairs were created in accordance with
different masses of the Hedychium coronarium flowers. The
VOC concentration of the Hedychium coronarium in the three
rooms are 0.5 g/m³, 1.0 g/m³, and 1.5 g/m³, respectively. The
experiments were carried out on Control Group (in a room
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without Hedychium coronarium), Treatment Group 1 (0.5
g/m³), Treatment Group 2 (1.0 g/m³), and Treatment Group 3
(1.5 g/m³). Subjects were required to clean their heads 24
hours prior to the test, not to take any drinks with an irritating
effect or medicine, and to maintain a healthy diet and schedule.
The experiment design referred to Rui Liang’s approach [27].
The subjects first sat still for 10 minutes outside the
experimental room, and then sat blindfolded for 4 minutes.
The experiment kept the sense of smell as the main
influencing factor and prevented other external factors from
interfering with the subjects. Then an HEN-8611 electronic
blood pressure monitor was used to perform blood pressure
and pulse measurement on subjects. The BioExplorer software
was used to conduct and record the brain wave measurement.
Due to different physical capabilities and willingness of
cooperation of the elderly subjects, a total of 20 people
completed the entire experiment with valid experimental data.

3. Result
3.1. Measurement Data Analysis on Human Scale of the
Elderly Based on Ergonomics
The results recorded in Table 1 shows that the dimension
data obtained by the measurement is representative, reliable,
and of small error. Either male or female, the elderly people
are shorter than the average adult, but the body circumference
is larger than that of the average adult. Their hand-movement
space is not as large as that of the average adult.
There were differences in the data of scale indicators
between males and females. The biggest difference was the
body height. The men were 10.6 cm taller than the women.
The smallest difference was hip-knee distance, where the men
exceeded the women by 1.7 cm. The data were used to design
elder-friendly facilities of suitable sizes while the design of
some facilities should be gender-specific.

Table 1. Table of measurement data and error analysis of human scale of the elderly (Unit: cm).
gender
male
female

H
168.0±4.8
157.4±5.5

SH
86.0±4.8
79.7±5.0

SKH
55.4±5.7
52.0±6.4

SHW
43.1±7.0
40.3±6.1

SEYH
74.1±4.0
68.8±5.0

SEH
27.0±4.1
24.8±2.6

SD
46.1±4.4
44.4±4.8

HKD
55.4±5.1
51.8±6.3

SW
50.2±4.1
46.8±5.0

EAL
73.1±6.2
66.8±6.6

Note: Abbreviation, height (H), sitting height (SH), sitting knee height (SKH), sitting hip width (SHW), sitting eye height (SEYH), sitting elbow height (SEH),
sitting depth (SD), hip-knee distance (HKD), shoulder width (SW), and extended arm length (EAL).

3.2. Reference Standards for Design Dimensions of
Elder-friendly Facilities
There are different types of garden facilities such as leisure,
display, service, and decoration.
3.2.1. Reference Dimensions of Leisure Garden Facilities
Leisure garden facilities mainly include garden tables,
garden stools, and garden chairs. Among them, the
dimensions related to the design of the garden chair include
sitting height, chair surface height, armrest height, and
backrest length. There was no significant difference in the data
between the men and the women. The dimensions of the

garden chair design do not have to be gender specific.
Chair height: It can be seen from Table 1 that the knee
height of the elderly men in a sitting position was 55.4 ± 5.7
cm, and the knee height of the women in a sitting position was
52.0 ± 6.4 cm. The average knee height value was 53.7 ± 6.0
cm. Reference was drawn upon the sitting thigh depth (male:
15.0 cm; female: 14.3 cm) and popliteal height (male: 40.9 cm;
female: 37.9 cm) of average people [28]. Therefore, the height
of a suitable elder-friendly chair was set as 38.0-40.1 cm.
Chair surface width: It can be seen from Table 1 that the
sitting depth and hip-knee distance of the elderly men were
46.1 ± 4.4 cm and 55.4 ± 5.1 cm, respectively. The sitting
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depth and hip-knee distance of the women were 44.4 ± 4.86
cm and 51.8 ± 6.3 cm, respectively. The average values were
45.3 ± 4.6 cm and 53.6 ± 5.7 cm, respectively. Therefore, the
width of a suitable elder-friendly chair was set as 43.7-46.9
cm.
Armrest height: It can be seen from Table 1 that the elbow
height of the elderly men in a sitting posture was 27.0 ± 4.1 cm,
and that of the women was 24.8 ± 2.6 cm. The average value
was 25.9 ± 3.4 cm. Therefore, the suitable elder-friendly
armrest height was set as 24.6-27.3 cm.
Length of the chair surface (single): The length is related to
the width between the elbows and the width of the hips in a
sitting position. According to Table 1, the width of the elbows
between the elbows and the hips for the elderly men in a
sitting position were 50.2 ± 4.1 cm and 43.1 ± 7.0 cm,
respectively. The values for the women were 46.8 ± 5.0 cm
and 40.3 ± 6.1 cm, respectively. The average values were 48.5
± 4.5 cm and 41.7 ± 6.5 cm respectively. Therefore, the length

of the chair surface of an elder-friendly single chair was set as
48.0-50.0 cm.
Backrest length: The physical condition of the elderly is not
as good as that of the average adult. Their neck muscles are
more prone to fatigue. Therefore, the length of the backrest is
related to sitting height and sitting eye height. It can be seen
from Table 1 that the sitting height and sitting eye height of the
elderly men were 86.0 ± 4.8 cm and 74.1 ± 4.0 cm,
respectively, and those of the elderly women were 79.7 ± 5.0
cm and 68.8 ± 5.0 cm, respectively. The average values were
82.8 ± 4.9 cm and 71.5 ± 4.5 cm, respectively. The length of
the backrest was set as 67.0-75.0 cm.
The elder-friendly garden chair designed according to the
standard dimensions of this study is shown in Figure 1. The
comparison with the dimensions of a general garden chair [29]
is presented in Table 2. There was a certain degree of
difference between the two sets of data.

Figure 1. Garden chair design dimensions of elder-friendly facilities.
Table 2. Comparison table of general size and elder-friendly size of garden
chair.
Name
Chair height
Length of the chair surface (single)
Chair surface width
Armrest height
Backrest length

general size /
cm
39-45
43-45
≥46
20-25
45-50

elder-friendly
size / cm
38.0-40.1
48.0-50.0
43.7-46.9
24.6-27.3
67.0-75.0

3.2.2. Reference Dimensions for Display Garden Facilities
The design of an elder-friendly bulletin board is mainly for
two types of elderly users, i.e., those who can walk freely and
those who require a wheelchair for mobility [30].
The bulletin board for the elderly who can walk freely
As presented in Table 1, the height of the elderly men was
168.0 ± 4.8 cm, and the height of the elderly women was 157.4
± 5.5 cm. The average height was 162.7 ± 5.1 cm. Since the
difference in body height between men and women was
greater than 10 cm, the design of an elder-friendly bulletin
board must be designed in a gender-specific way. The neck of
the elderly is not as flexible as that of an average adult, and the

vision of their eyes is not as good as that of the young. The top
heights of men’s boards and women’s boards were set as 182.8
cm and 172.9 cm, respectively. The bottom heights were set as
92.8 cm and 82.9 cm, respectively, based on the fact that the
general height of an ordinary bulletin board is 90 cm.
The bulletin board for the elderly who require a wheelchair
for mobility
Elderly people who require a wheelchair for mobility
usually read the bulletin board while sitting, so the height of
the bulletin board is designed based on the measured eye
height in a sitting position. As presented in Table 1, the
average sitting eye height of the elderly was 71.5 ± 4.5 cm.
There was very little difference in this value between men and
women. The height of an ordinary wheelchair is 50 cm.
Therefore, the top height of the board was set as 161.5 cm and
the bottom height as 71.5 cm.
The design drawing of the different types of the
elder-friendly bulletin boards in accordance with the standard
dimension data acquired in this study is shown in Figure 2a
and Figure 2b. The comparison with the general dimensions of
an ordinary bulletin board is presented in Table 3.
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Figure 2. The bulletin board design dimensions of elder-friendly facilities.
Table 3. Comparison table of general size and elder-friendly size of the bulletin board.
Name

general size /cm

The top heights
The bottom heights

200-220
115-120

Size for the elderly who can walk freely /cm
male
female
182.8
172.9
92.8
82.9

3.2.3. Reference Dimensions of Sanitary Garden Facilities
The wash basin in public service place is designed to the
height of the average adult. The height of the basin is generally
between 70.0 cm and 80.0 cm. Due to changes in the body
such as less dexterous hands and legs and shorter body height
(it can be seen from Table 1 that the average height of the
elderly was 162.7 ± 5.1 cm), the height of the wash basin will
be slightly lower than average to make it more convenient for

Size for the elderly who require a
wheelchair for mobility /cm
161.5
71.5

elderly people. The wash basin also uses an automatic faucet
with an infrared sensor. The height of the basin was set as 62.7
cm and that of the infrared faucet was set as 100.0 cm.
The design drawing of the elder-friendly wash basin in
accordance with the standard dimension data acquired in this
study is shown in Figure 3. The comparison with the general
dimensions of an ordinary wash basin [31] is presented in
Table 4.

Figure 3. The wash basin design dimensions of elder-friendly facilities.
Table 4. Comparison table of general size and elder-friendly size of the wash
basin.
Name
The height of the faucet
The height of the basin

general size /cm
110-115
70-80

elder-friendly size /cm
100.0
62.7

3.2.4. Reference Dimensions of Protective Garden Facilities
In gardens, the most frequently used protective service
facility among elderly people is the balustrade. Like the
bulletin board, there are two types of elder-friendly
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balustrades designed for two types of users. Normally, the
height of a balustrade is 110-120 cm. As presented in Table 1,
the average height of the elderly was 162.7 ± 5.1 cm while the
height of an ordinary wheelchair was 50 cm. Since elderly
people’s hands and legs are not dexterous and they tend to
bend over when using balustrades, the heights of the

balustrade should be appropriately reduced in the design,
which were set as 81.7 cm and 55.0 cm, respectively.
The design drawing of the elder-friendly balustrade in
accordance with the standard dimension data acquired in this
study is shown in Figure 4.

Figure 4. The balustrade design dimensions of elder-friendly facilities.

3.3. Creation of a New Indoor Environment for the Elderly
at Huanggang Nursing Home and Analysis on the
Health Care Function of Aromatic Plants
3.3.1. Analysis on the Garden Chair Design
At Huanggang Nursing Home, a set of standard dimensions
for elder-friendly garden chairs was proposed based on this

study. The physical comfort of the subjects was improved by
adjusting the dimensions of the experimental chairs. At the
same time, Hedychium coronarium, a kind of aromatic plant,
were placed to create an indoor environment for the elderly
(Figure 5) for health care function analysis.

Figure 5. The side elevation design dimensions of garden chair for indoor experiment and Live photos of the experimental.

3.3.2. Analysis on the Health care Function of Hedychium
Coronarium, an Aromatic Plant
The physiological experimental approach was followed to
measure the blood pressure, heart rate, and brain wave of the
elderly in the preset elder-friendly indoor environment for the
health care function analysis on aromatic plants.
As shown in Figure 6, the systolic blood pressure (Figure
6a), diastolic blood pressure (Figure 6b), and pulse pressure

difference (Figure 6c) in the indoor environment of the elderly
in Treatment Group 1 (TG1) and Treatment Group 2 (TG2)
decreased compared with those from the control group (CK).
Among them, Treatment Group 1 demonstrated the best effect.
On the other hand, Treatment Group 3 (TG3) showed an
increase in the above indicators increased compared with
those from the control group. The results in this study showed
that when the VOC concentration of Hedychium coronarium
in the indoor environment was at 0.5 g/m³, it exerted the most
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positive effect on the physical health of the elderly. As the
concentration increased, the elderly gradually adapted to the
aroma of Hedychium coronarium flowers. Their breathing
frequency slowed down and heart rate decreased as well. The
indoor environment with aromatic plants created in this study
demonstrated a certain degree of positive effect on the
physical and mental relaxation and the stress relief of the
elderly within a certain threshold range of concentration rather
than a simple positive correlation.

Figure 6. Correlation between different concentrations of H. coronarium
volatile organic compounds in the indoor environment and the elderly blood
pressure. Note: CK1, 0.5, 1.0, 1.5 mean that the VOC concentration of the
Hedychium coronarium are 0.0 g/m³, 0.5 g/m³, 1.0 g/m³, and 1.5 g/m³.

As shown in Figure 7a, compared with the average heart
rate of those from the control group, the average heart rate of
the elderly in the treatment groups showed a downward trend
as the VOC concentration of Hedychium coronarium flowers
in the indoor environment increased. The VOC concentration
of the plants showed a negative correlation with the average
heart rate of the elderly. As shown in Figure 7b, the average
value of the α/β ratio of Treatment Group 2 was the highest
among the three groups while the average value of the α/β
ratio measured by the other two treatment groups was higher
than that of the control group. The results show that the indoor
environment with different VOC concentrations of
Hedychium coronarium flowers had different impacts on the
brain waves of the elderly. The effect of Treatment Group 2
was the best, indicating that cerebral cortex activity was at its
best status and the human body was in its best physical, mental,
and emotional state at that point. The results show that when
the concentration of VOCs in Hedychium coronarium flowers
in the indoor environment was 1.0 g/m³, it created the best
effect on the physical health of the elderly.

Figure 7. Correlation between different concentrations of H. coronarium volatile organic compounds in the indoor environment and the elderly heart rate and
brain wave. Note: CK1, 0.5, 1.0, 1.5 mean that the VOC concentration of the Hedychium coronarium are 0.0 g/m³, 0.5 g/m³, 1.0 g/m³, and 1.5 g/m³.3.4.
Application Analysis on the Bulletin Board Design
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In the environment of the elderly, some of the bulletin
boards are often designed to be too high. The elderly people
want to see what is on the bulletin boards but cannot see it.
Sometimes they have to stand on their feet. This creates
hidden dangers. Therefore, an elder-friendly bulletin board
was designed for Huanggang Nursing Home in Duanzhou
District of Zhaoqing based on the standard facility dimensions
obtained above. As shown in Figure 8, the bulletin board in the

category of display garden facilities specially designed for
elderly people with different health conditions (healthy elderly
people and those who need wheelchairs for mobility) is really
based on their needs and more human-friendly and convenient
for them to use. In this way, the elderly will be able to obtain
knowledge and information on the bulletin boards so that the
facilities can play a real part in their life.

Figure 8. Application example of the bulletin board of elder-friendly facilities.

4. Discussion
Systolic blood pressure, diastolic blood pressure, and heart
rate among other physiological indicators reflect changes in
the autonomic nervous system of the human body. Systolic
and diastolic blood pressures and heart rate also reflect the
vascular function of the body, which is related to ventricular
contractility and peripheral resistance [32]. Studies show that
an environment of plants can reduce the systolic pressure,
diastolic pressure, and heart rate of humans to a certain extent
and help the body and mind to become calm, relaxed, and
stress-relieved [23]. Brain waves reflect changes in the
indicators of the central nervous system. Brain wave is also a
more sensitive indicator that reflects the emotional changes
when the sense of smell of the human body is affected by the
environment [33]. Cortical activity in the cerebral cortex is
measured using the α/β ratio [34]. The larger the ratio is, the
smoother the human psychological response is. The health
care function analysis on Hedychium coronarium in this study
shows that when the VOC concentration of Hedychium

coronarium in the indoor environment is within a moderate
threshold (0.5 g/m³ - 1.0 g/m³), it has a positive effect of
relaxing the mind and body of the elderly, helps them to
concentrate and feel more soothed and relieved emotionally.
However, caution is advised when using aromatic plants with
a VOC concentration threshold in the indoor environment
higher than 1.0 g/m³, as they have a weaker effect on the
emotional relief and the relaxation of mind and body of the
elderly, and may even cause negative effects. The research
results provided some reference for the exploration of a new
nursing environment with elder-friendly facilities combined
with aromatic plants.

5. Conclusion
This study collected and analyzed the questionnaire surveys
and measured data on body dimensions of the elderly people
within Guangdong Province. It summarized the characteristics
of the human scale of the elderly population, determined the
design standards of size dimensions of elder-friendly facilities,
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and provided basic data for the design of environment
facilities for the elderly. In order to explore a new type of
elderly care environment, this study created an elder-friendly
indoor environment with garden chairs meeting the designed
dimensions standards and Hedychium coronarium (a kind of
aromatic plant) at Huanggang Nursing Home in Duanzhou
District of Zhaoqing. Moreover, based on the standard
dimensions for facilities, a bulletin board, as a type of display
facility in gardens, was designed to suit the outdoor
environment for the elderly people.
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