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บทคัดยอ: การชราภาพของประชากรกำลังกลายเปนสังคมใหญท่ีสำคัญในหลายๆ ประเทศของโลก การพัฒนาเทคโนโลยีตาง ๆ  จึงนำไปสูความสนใจทางดาน
ความปลอดภัยในสังคมผูสูงอายุ เน่ืองจากอายุท่ีมากขึ้นทำใหเกิดการเปลี่ยนแปลงทางรา งกายและทางจติใจ ดังน้ันกิจกรรมพื้นฐานในชีวิตประจำวันจึงอาจ
กอใหเกิดอุบัติเหตุของการพลัดตกหกลมในผูสูงอายุท่ีตัดสินใจใชชีวิตในบานและไมไปอยูบานพักคนชรา การออกแบบทางดานการยศาสตรและเทคโนโลยี ใน
ผูสูงอายุเพื่อสรางโอกาสของการอาศัยอยูในบานสำหรับวัยชรา จึงสามารถลดความเสี่ยงและอุบัติเหตุในผูสูงอายุได การศึกษาน้ีมีวัตถุประสงคเพื่อศึกษาและ
คนหาเทคโนโลยท่ีีมีความเกี่ยวของดานการปองกันการพลัดตกหกลม เพื่อการดำรงชีวิตอยางอิสระภายในบานและเพิ่มความปลอดภัยในผูสูงอายุ รวมท้ัง
ศึกษาและพิจารณาขอดีและขอเสียของเทคโนโลยท่ีีเกี่ยวของกับการพลัดตกหกลมน้ี ไดแก การปองกันการพลัดตกหกลม การตรวจจับการพลัดตกหกลม และ
การเฝาดูเพื่อปองกันการพลัดตกหกลม อยางไรก็ตามถึงแมวาเทคโนโลยีในผูสูงอายจุะแสดงใหเห็นวาเทคโนโลยีและบริการน้ันสามารถชวยเหลือผูสู งอายุ ได
อยางมีประสิทธิภาพ แตยั งมขีอจำกัดบางประการในแงของการยอมรับของผู ใชและการใชงานเทคโนโลยี รวมถึงความชอบสวนบุคคล นอกจาก น้ีในดาน
เครื่องตรวจจับการพลัดตกหกลม ถึงแมวาเครื่องตรวจจับพื้น เครื่องตรวจจับการสั่นสะเทือน และเครื่องตรวจจับการเคลื่อนไหวจะใหความเปนสวนตัวกับ
ผูสูงอายุ แตปจจัยอื่น ๆ เชน ความซับซอนในการเก็บรวบรวมชุดขอมูล ลักษณะท่ีแตกตางกันของการพลัดตกหรือหกลม และจำนวนชุดขอมูลท่ีอาจจะไม
เพยีงพอ ควรมีการศึกษาวิจัยเพิ่มเตมิเกี่ยวกับสิ่งเหลาน้ี รวมท้ังควรสำรวจความพึงพอใจของผูใช และสำรวจการใชเทคโนโลยีชวยเหลืออื่น ๆ  เพื่อชวย เหลือ
และบรรเทาภาระความรับผิดชอบของแพทยในโรงพยาบาลหรือสถานพยาบาล 

ABSTRACT: Population ageing is becoming a major social in many parts of the world, recent developments in the field of an 
ageing society thus have led to a renewed interest in safety among the elderly people. Since ageing affects both the physical 
changes and the psychological changes, the daily basic activities may be concerned regarding fall accident in the elderly who 
decide to live in their home when they get old called ageing-in-place. The technology of specific design through ergonomics along  
with gerontechnology which technology and service support the older adults therefore can reduce the risk and accident in the 
older people. The purpose of this review was to examine the identification of the technology and service that the gerontechnology 
has developed in independent living for the elderly concerning fall accident. The benefit and drawback of fall-related 
gerontechnologies which are fall prevention, fall detection and fall monitoring were also represented in this review. However, 
although the gerontechnology has successfully demonstrated that the technology and service can assist older adult, it has certain 
limitations in terms of the user acceptance and usability of technology including individual preferences. Regarding fall detectors, 
although floor detector, vibration detector and motion detector provide the privacy condition as the main concern to elderly, the 
other factors such as the complication in collecting the fall datasets, the various ways of fall and the number of datasets should 
be still considered. Additional research should be conducted on these and a survey of user's satisfaction including exploring the 
use of other types of assistive technology in helping and easing the responsibilities for a medical field at the hospitals or nursing 
care.    
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1.  INTRODUCTION 

 At the present time, the developing country has been moving closer towards an ageing society. 
As WHO’s report [1], the rapid development of demographic trend from younger to older 
population age structure can assume the encounter regarding health care costs. Ageing affects not 
only the physical changes which influence the decrease of visual perception, sensory perception, 
strength, movement control, information processing, and memory but also the psychological 
changes which are emotional factors namely stress, anxiety, depression, social isolation, and poor 
relationship leading to the risk of hypertension, stroke cardiovascular disease and others [2, 3] As a 
consequence of the ageing process, the daily basic activities such as bathing, dressing, cooking and 
walking may be concerned regarding safety and accident among the elderly who decide to live in 
their home when they get old.  
 Although the continuing care retirement communities (CCRCs) provide the housing, health care 
and other facilities for the older adults, most elderly choose to stay in their home even if that 
means living alone [4]. Previous studies have reported that the older people prefer to live in their 
home called age-in-place [5, 6] which is defined as the desire of a person to “remaining living in 
the community with some level of independence rather than in residential care” [7] because they 
have a sense of attachment or connection to their home, their environment and their community 
[8]. Therefore, a primary concern of age in place is safety condition because of the age-related 
decrease in physical activity and functional fitness among the elderly causing the risk of injury and 
accident, particularly fall accident. A number of studies have found that the elderly fall once a 
year in the living room, bedroom and hallway on a flat floor [9-11]. The effect after the fall event 
may cause a fall fatality among the older people.  
 Home therefore needs to be designed through ergonomics which is the perspective of 
interactions between human and others elements in the environment to improve human well-
being and performance, along with gerontechnology which technology and service support the 
older adults to reduce the impairment causing the quality of life. In recent years, there has been 
an increasing interest in gerontechnology which design of technology, product, service and 
environments by connecting gerontology, ergonomics and technology for independent living and 
social participation of the elderly who desire of ageing-in-place in order to enhance the quality of 
life, good health, comfort and safety [12]. It is to be explored the need for a deeper knowledge of 
the older population regarding the living situations and possible inconveniences in their daily life at 
home.  
 So, the first section of this paper will begin with the situation regarding fall accident in older 
adult including the consequences and risk factors which are internal and external factors causing 
the injuries. This review also examines the modification and adaptation of the home environment 
not only to improve the health and wellbeing outcomes but also to reduce the risk of accident, 
especially fall risk in older people. However, a major problem with this kind of general 
modification is individual preferences because the design for some people may be difficult for 
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another. Therefore, the investigation of gerontechnology will be studied and identified for 
individual elderly in order to apply reasonably. This review also focuses on the technology which 
is fall prevention, fall detection and fall monitoring to review the application, usefulness, and 
condition of the specific design concerning fall accident. Finally, the conclusion gives a brief 
summary and critique of the findings.  

2.  FALL ACCIDENT IN THE ELDERLY POPULATION 

Since the ageing population is becoming a major concern in many parts of the world, recent 
developments in the field of an ageing society have led to a renewed interest in safety among the 
elderly. Fall accident is showed as the most common mechanism of injury in the elderly 
population. The statistics showed that one third of people who age over 65 and half of people 
who age over 80 years fall at least once a year in their home [9, 10, 13]. The effects after fall in 
old people are different in person, from a slight consequence which is a physical injury to a serious 
consequence which is accidental death. Although more than 52% of older adult who experienced 
fall accident contribute to hip fracture, the report stated that half of the elderly people who had a 
hip fracture die from fall in six months [14].  

Also, many researchers presented that elderly men were reported the higher rate of fall 
fatality although elderly women tended to fall more often than elderly men. Buzink, et al. [15] 
claimed that risk factors causing fall in the elderly were internal factors which are sex, personal 
characteristic, behavior and physical fitness and external factor which is the environmental factor. 
Similarly, the others found that the causes of fall accidents which are falls, slips and trips were 
brought about by the risk behavior and unsafe conditions from the daily activity [16]. Regarding 
internal factors, Pereira [14] explained that the internal factors related to both the physical health 
due to the changes of anthropometry such as the loss of height, visual function, bone and muscle 
weakness and the mental health disorders such as anxiety, depression and cognitive impairment.  

The research also found that the decrease of physical fitness, difficulty of movement, previous 
falls, Parkinson illness, arthritis and the use of some drugs can result in a fall accident. By contrast, 
external factors were stairs, floor covering, furniture style, bathroom design, and lighting 
characteristics including other factors such as shoes, slippers and flip-flops which influence the 
falling event were also included as external factors [16]. Previous study has shown that most 
accidents of fall occurred in the bedroom and bathroom because they not only feel comfortable 
and familiar with their environment but also spend the majority of their time in there [4]. Along 
with this growth in older adults, however, there is increasing concern about accidental falls at 
home. This section has analysed the causes of fall accident and has indicated that internal and 
external factors are the influences causing the risk. The chapter that follows moves on to consider 
the possible home adaptation and modification through the improvement of environmental 
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factors including gerontechnology application to promote the quality of life for elderly people 
who decide to live as the ageing-in-place.   

3.  A DESIGN FOR ELDERLY PEOPLE DECREASING THE FALLS 

Firstly, the environmental factor which is the lighting influences the older people who have a 
decrease in visual acuity, dark adaptation and perception. The study of Pinto [17] suggested that 
poor conditions can design by installing more lights and arranging the appropriate position. 
Secondly, the furniture design that looks a slippery surface, slope and uneven floors can result in 
the risk of an accident. These can develop by rebuilding the structural design. However, the 
findings of the current study do not support the previous research because some design that suits 
one person may be unsuitable for another. As a result, gerontechnology is the technology and 
service which design in individualize solutions for providing each elderly person to improve the 
ease of use, safety and security in order to live independently and to promote ageing-in-place.  

With regard to fall detection and fall prevention concerns, the severity of the injury depends 
on the response time and the rescue time. The statement was confirmed by Rahman [18] who 
presented that both the response and rescue time were the factor to mitigate the medical 
outcome of falls in the elderly. It is therefore important to not only consider the measures how to 
minimise the chance of elderly falls but also apply the assistance technology to detect or monitor 
the fall accident to help the patient as fast as possible. In recent years, a number of researchers 
have innovated fall-related gerontechnology to prevent falls, detect falls and monitor falls among 
the elderly to ensure that older people can live independently and promotes safety in their home 
[4]. So, the next part of this paper will demonstrate each type of fall-related gerontechnologies to 
determine a comparison across numerous experimental studies  

3.1  Fall preventing gerontechnology      

Fall-related gerontechnology was developed to prevent fall event by implementing the 
training application such as videogames to build elderly strength and improve balance [19]. This 
finding corroborates the ideas of Doyle, et al. [20] and Williams, et al. [21] findings which showed 
that twice a week playing a game can promote their body balance leading to decreasing the fall 
accident in the elderly. Also, the touch-screen application which is the exercise video for improving 
fall management can help to build the muscle strength and body balance among the elderly [4]. 
In addition, a wireless sensor which is wearable fall prevention sensor is used commonly to detect 
the fall in elderly patients with chronic diseases and stroke diseases [18]. This sensor which has a 
small size and light-weighted is mounted on the thigh or foot and the alarm is activated when a 
leg changes the angle to smaller than 45 degrees from the horizontal. However, no previous study 
has investigated this type of sensor in a home for the elderly as it is only used in hospitals and 
nursing care [22, 23]. On the other hand, Pereira [4] reviewed the literature from the period and 
demonstrated that non-wearable fall prevention sensor which is installed around the bed and 
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chairs is applied in older people who live in their home. It will detect the motion when the older 
people move out of the bed or get up from the chairs. In the middle of the night, an infrared 
sensor which is used to detect the elderly’s movement will switch on automatically the light 
avoiding any accident from the darkness.  

 
3.2 Fall detecting gerontechnology 

This type of fall detection technology such as floor sensor has been designed to detect the 
fall after the fall accident in order to decrease the rescue time. As was mentioned in the previous 
section, the long waiting time after fall, the severe consequence of injury. There are two types of 
fall detector. On the one hand, wearable sensors which perform to prevent the fall event carry 
out through the attaching on the body and request for help from detecting the fall like a fall 
prevention technology [4]. There are some arguments in the attaching location of sensors. Some 
researchers examined that sensors should mount on only the upper body [24, 25] while the others 
represented that the most common location was the upper body along with lower body [26, 27].  

The sensor location has been examined by many researchers. For example, Kangas, et al. [25] 
carried out the research to investigate the best location by setting the sensors on the head, waist, 
and wrist and found the head and waist as the appropriate location. This finding is in agreement 
with Gjoreski, et al. [26] findings which showed the waist as the best location when compared to 
the ankle and thigh of body. In contrast, the study of Bagnasco, et al. [24] argued the previous 
research by setting sensors on the waist, chest, and wrist and found the chest as the best location. 
However, although the findings were a different result from the experiments [24, 25, 26] over half 
of those concluded that the best location was the core body which is the chest or waist when 
compared to the peripheral body because it is near the center of mass of human body. 

In term of non-wearable sensors, several studies have found that there are different 
characteristics of non-wearable sensors which are floor detector, vibration sensors and motion 
sensors [19, 28]. The floor detector is placed on the floor, under the carpet or tiles to recognize 
human presences, walking movement, walking speed including the lying of human on the floor. If 
detecting the fall accident, it will call for help. This detector also performs the tuning on the light 
to provide the safety surrounding for the elderly when the feet hit the floor during the night. 
According to Litvak [28], the vibration sensor is placed in the smart restroom to detect the fall 
event as well. However, although this sensor can recognize the vibration of the fall between 
object and human which the accuracy and specificity of 95%, fall detectors need to be accurate 
and reliable to ensure that the system quality can perform and analyze the fall accident 
effectively.  

In addition, the classification of the fall pattern is difficult to detect because of the individual 
characteristics and different ways of fall. So, to perform effectively of the sensor system, the 
collecting datasets from the subjects should have an adequate amount to evaluate the different 
event of falls. In term of a motion sensor, the research of Rahman [18] examined a passive infrared 
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sensor which is applied to detect the human motion. This sensor is located in various places such 
as the wall, the mirror and the door in the smart restroom to send the visitor restroom data to the 
cloud server. The sensor system will notify the operator who engages in this system when 
detecting as no motion in the restroom.     

3.3 Fall monitoring gerontechnology 

The Lab for Advanced Sensing, Computing & Control (ASCC) at Oklahoma State University 
studied the robot monitor which assesses the interaction with a human through talking. It will 
request for help after no response from human [4]. So far, however, there has been little 
discussion about the robot monitor because it is at the prototype stage. No previous study has 
investigated the deep application and the impact of this robot on the older adult. In case of real-
time monitoring, video monitor which consist of a camera is used commonly to monitor the older 
people’s activity [4]. The cameras are set around the house, especially in the bathroom which is 
the dangerous room occurring the fall accident, to observe and monitor the older people 
promoting the safety system totally. The captured photos or videos from the system which will be 
sent in real-time are stored and reported to their family members or caregivers to observe the 
daily activities of older adult. In addition, several studies have presented that the combination of 
camera and wearable detector also is used in the present time because of the reliable of the 
camera which can monitor the elderly thoroughly [29-31]. However, this has been unable to 
demonstrate video camera acceptance among older adults because the privacy condition was still 
concerned in the elderly. 

4.  CONCLUSION  

The purpose of this review was to focus on the identification of the technology and service 
that the gerontechnology has developed in independent living for the elderly concerning fall 
accident. The benefit and drawback of fall-related gerontechnologies which are fall prevention, fall 
detection and fall monitoring were also represented in some aspect whereas this paper cannot 
provide a comprehensive review of the aspect of users in the positive and negative experiences 
due to practical constraints. Therefore, a user's satisfaction can be surveyed further to collect the 
feedback to develop the obstacles.  

Moreover, a number of important limitations regarding fall detectors need to be discussed. 
Firstly, although wearable sensors have many preferences namely flexible, comprehensive, simple 
and private including the accuracy when it is attached near the center of mass, the limitations 
which are the user acceptance and usability of technology should be concerned [32]. Secondly, 
these fall detectors; floor detector, vibration detector and motion detector provide the privacy 
condition as the main concern to the older adults because it only detects the fall, the other 
factors such as the complication in collecting the fall datasets, the various ways of fall and the 
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number of datasets should be considered. Lastly, regarding the individual preferences, since some 
designs that are acceptable for one individual may be unfavorably arranged to another.  

To apply the suitable type of this technology in order to perform effectively, the context of 
individual such as the physical fitness, mental health and preferences including the context in the 
house such as interior design and installed location, should be proposed and adapted to their 
home. In term of the perception of usefulness and ease of use, the research found that these did 
not affect among the older people who desire to age-in-place, hence the marketing strategists and 
gerontechnology advertisement should be emphasized the value of the existing gerontechnology 
in the elderly to approach the target [4].  

Finally, further experimental research is needed to estimate a survey of user's satisfaction with 
the technologies and services [33]. This suggestion and recommendation should be included from 
both the elderly and their family or caregivers to assess the long-term effects of fall-related 
gerontechnology. In addition, Further research might explore the use of other types of assistive 
technology in helping and easing the responsibilities for a medical field of nurses and caregivers at 
the hospitals or nursing care as well. 

REFERENCES 

[1]  World Health Organization. Older Population and Health System: A profile of Thailand. 
Retrieved August. 2015;10:19-36 

[2]  Everson-Rose SA, Lewis TT. Psychosocial factors and cardiovascular diseases. Annu Rev Pub 
Health. 2005;26:469-500. 

[3]  Willis L, Goodwin J, Lee K, Mosqueda L, Garry P, Liu P et al. Impact of Psychosocial Factors on 
Health Outcomes in the Elderly. JAH. 1997;9(3):396-414. 

[4]  Pereira GF. Gerontechnology for Fall Prevention, Detection, and Monitoring: Examining the 
Diffusion of Technology Among Older Adults for Aging-in-Place [Doctoral dissertation]. 
Oklahoma State University; 2018. 

[5]  Mack R, Salmoni A, Viverais-Dressler G, Porter E, Garg R. Perceived Risks to Independent Living: 
The Views of Older, Community-Dwelling Adults. The Gerontologist. 1997;37(6):729-736.   

[6]  Fänge A, Ivanoff S. The home is the hub of health in very old age: Findings from the ENABLE-
AGE Project. Archives of Gerontology and Geriatrics. 2009;48(3):340-345. 

[7]  Davey JA, de Joux V, Nana G, Arcus M. Accommodation options for older people in 
Aotearoa/New Zealand. Christchurch: Centre for Housing Research; 2004.  

[8]  Sharifah Norazizan S, Roznah M, Tengku Aizan H, Lina G, Mohd Rizal H. Ageing-in-Place: 
Towards an ergonomically designed home environment for older Malaysians. 
Gerontechnology. 2006;5(2). 

[9]  Masud T, Morris R. Epidemiology of falls. Age and Ageing. 2001;30(4):3-7. 



 
 

 
 Fall-related gerontechnology preventing falls among the elderly for ageing-in-place 
 
 

52   |   Thai Journal of Ergonomics Vol.3 Issue 1 (January - June 2020): p.45-53    

 
 

[10]  Blake AJ, Morgan K, Bendall MJ, Dallosso H, Ebrahim SB, Arie TA, et al. Falls by elderly people 
at home: prevalence and associated factors. Age and ageing. 1988;1;17(6):365-372. 

[11]  Larsson T, Hägvide M, Svanborg M, Borell L. Falls prevention through community intervention 
– A Swedish example. Safety Science. 2010;48(2):204-208. 

[12]  Pinto MR, De Medici S, Van Sant C, Bianchi A, Zlotnicki A, Napoli C. Ergonomics, 
gerontechnology, and design for the home-environment. Applied Ergonomics. 
2000;1;31(3):317-322. 

[13]  Anderson KE. Falls in the elderly. Journal-royal College of Physicians of Edinburgh. 2008;1;38 
(2):138. 

[14]  Spirduso WW. Physical dimensions of aging. Champaign: Human Kinetics; 1995. 
[15] Buzink SN, Bruin RD, Groothuizen TJ, Haagsman EM, Molenbroek JF. Fall prevention in the 

toilet environment. A Friendly Rest Room: Developing Toilets of the Future for Disabled and 
Elderly People. 2011;15;27:183. 

[16] Câmara JJ, De Castro Engler RI, De Oliveira Fonseca PR. Analysis and ergonomics of houses for 
elderly people. Periodicum biologorum. 2010 Mar 31;112(1):47-50. 

[17]  Pinto MR, De Medici S, Zlotnicki A, Bianchi A, Van Sant C, Napou C. Reduced visual acuity in 
elderly people: the role of ergonomics and gerontechnology. Age and ageing. 1997Sep 
1;26(5):339-44. 

[18]  Rahman MM. Design of A Sensor Based Smart Restroom System for Elderly People. [Doctoral 
dissertation]; Texas A&M University-Kingsville; 2019. 

[19]  Cini LM. The future is here: Senior living reimagined. Bloomington, In: iUniverse, 2016. 
[20]  Doyle, J., Bayley, C., Dromey, B., & Scanaill, C. N. An interactive technology solution to deliver 

balance and strength exercise to older adults. In Pervasive Computing Technologies for 
Healthcare (PervasiveHealth), 4th International Conference, Muchen, Germany, 2010, p.1-5. 

[21]  Williams M, Soiza R, Jenkinson A, Stewart A. EXercising with C omputers in later life (EXCELL) - 
pilot and feasibility study of the acceptability of the Nintendo® WiiFit in community-dwelling 
fallers. BMC Research Notes. 2010;3(1). 

[22]  Cumming R, Sherrington C, Lord S, Simpson J, Vogler C, Cameron I et al. Cluster randomised 
trial of a targeted multifactorial intervention to prevent falls among older people in hospital. 
BMJ. 2008;336(7647):758-760. 

[23]  Kelly K, Phillips C, Cain K, Polissar N, Kelly P. Evaluation of a Nonintrusive Monitor to Reduce 
Falls in Nursing Home Patients. J Am Med Dir Assoc. 2002;3(6):377-382. 

[24]  Bagnasco A, Scapolla AM, Spasova V. Design, implementation and experimental evaluation of 
a wireless fall detector. InProceedings of the 4th International Symposium on Applied 
Sciences in Biomedical and Communication Technologies 2011, p.1-5. 

[25]  Kangas M, Konttila A, Lindgren P, Winblad I, Jämsä T. Comparison of low-complexity fall 
detection algorithms for body attached accelerometers. Gait & Posture. 2008;28(2):285-291. 



 
 
 

                                                                                                      วารสารการยศาสตรไทย: ปท่ี 3 ฉบับท่ี 1 (มกราคม-มิถุนายน) 2563   
 
 

Saruda Jiratkulthana |  53 

 
 

[26]  Gjoreski H, Lustrek M, Gams M. Accelerometer placement for posture recognition and fall 
detection. In: 2011 Seventh International Conference on Intelligent Environments. 2011, p.47-
54. 

[27]  Vermeiren D, Weyn M, De Ron G. Detecting human motion: Introducing step, fall and adl 
algorithms. InInternational Conference on Electronic Healthcare. Springer, Berlin, Heidelberg. 
2009, p.62-69. 

[28]  Litvak D, Gannot I, Zigel Y. Detection of falls at home using floor vibrations and sound. In2008 
IEEE 25th Convention of Electrical and Electronics Engineers in Israel. 2008, p.514-518. 

[29]  Wu G. Distinguishing fall activities from normal activities by velocity characteristics. J Biomech. 
2000;33(11):1497-1500. 

[30]  Nyan M, Tay F, Tan A, Seah K. Distinguishing fall activities from normal activities by angular 
rate characteristics and high-speed camera characterization. Medical Engineering & Physics. 
2006;28(8):842-849. 

[31]  Igual R, Medrano C, Plaza I. Challenges, issues and trends in fall detection systems. 
BioMedical Engineering OnLine. 2013;12(1):66. 

[32]  Pannurat N, Thiemjarus S, Nantajeewarawat E. Automatic Fall Monitoring: A Review. Sensors. 
2014;14(7):12900-12936. 

[33]  Tesfaye A, Ewenetu S. The Role of Gerontechnology in Elderly Well-being. 2018.  

 

 

 


	1.  INTRODUCTION
	3.  a design for elderly people decreasing the falls

