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Abstract

	 Many ageing people are staying at home, whether they are self-isolating or social distancing, because 

of the current Covid-19 situation. Fall incidents at home among the ageing are significantly associated with a 

high level of mortality. Bathrooms are frequently reported as a major environmental hazard in connection with 

falls. This serious health risk raises the matter of interior architecture. In terms of preventing falls, more 

architectural research focuses on interior elements e.g., handrail design, and non-slip mat, whilst less attention 

is paid to the issue of how ageing causes falls. Therefore, this article sheds light on the normal ageing process 

through an executive function that helps in the fall prevention of ageing people via decision-making and 

problem-solving. Normal ageing gradually results in declining executive function, including cognitive and motor 

functions, which limits and reduces day to day activities. The cognitive function (as a system) involves processing 

speed, accuracy in response, and error response whereas the motor function (as a mechanism) defines both 

gross and fine motor functions. A combination of cognitive and motor functions reflects conditions that may 

lead to a fall. Regarding the executive function, interior architecture for preventing falls in normal ageing people 

is strongly encouraged e.g., clear layout, timesaving activity, simplicity of design, lighting uniformity, short 

walking distance, cased opening, lightweight fixtures, and fine texture flooring. This article reviews the literature 

to address the knowledge gaps between interior architecture and human-centred design through ageing 

ergonomics, and employs a behaviour-focused aspect to interpret results for interior architects. Electronic 

databases, including Scopus, PubMed, and Google Scholar, were searched to specify appropriate papers, 

which were restricted to those in the English language. To improve the quality of the elderly’s life, this article 

provides recommendations that could assist interior architects in this challenge.
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1. Introduction

	 Fall incidents resulting in unintentional injury deaths amongst the ageing population have been increasing 

(World Health Organization [WHO], 2008), with around 684,000 deaths annually caused by falls worldwide. 

More than two-thirds of those deaths occur in low- and middle-income countries (World Health Organization 

[WHO], 2021). Almost half of the falls amongst ageing people occur within their residence. Bathroom, bedroom, 

kitchen, and staircase areas are frequently noted as environmental fall hazards. Also, designs of flooring, 

stepping, and lighting are repeatedly reported problems as fall risk factors (Chuangchai, 2017c; Rogers et al., 

2004). These serious issues highlight the question of ageing in place design that may be effectively addressed 

by interior architects. Undeniably, interior architects are in an appropriate position to address these challenges 

and to be able to deliver with their creative solutions. The solutions for residential interior architecture should 

ensure that ageing people do not have to decide between a healthy and safe lifestyle and being able to live 

independently with control over their spaces. 

	 Lifespan for both males and females has extended progressively over the past century due to medical 

innovation and improvement of living standards (Pothisiri & Quashie, 2018). Many more ageing people are 

living longer as reflected by the percentage of people aged over 60 years (Pothisiri et al., 2020). The ageing 

population has rapidly increased across the globe, but the phenomenon is particularly true in Thailand 

(Chuangchai & Suwanprasert, 2015). Several lines of physiological activities and executive functions decline 

during the ageing process (Fjell et al., 2016; Gross et al., 2016; Klimova et al., 2017). Degeneration of executive 

function is one of the challenges for normal ageing as the process of developing and maintaining the functional 

ability for daily activities and well-being are negatively impacted with ageing. Executive dysfunction refers to 

both neurocognitive impairment and behavioural symptoms such as psychopathologies and mental disorders. 

Risk factors of executive dysfunction in normal ageing are associated with genetic and environmental factors 

in the neurocognitive processes. Ageing people with weak executive function are at a greater risk of accidents 

and injuries e.g., trip, slip, and fall (Herman et al., 2010; Kearney et al., 2013; Mirelman et al., 2012b). Such 

accidents and injuries also contribute to a poorer quality of life, disabilities, and mortalities (Chuangchai, 2017a; 

Rosado-Artalejo et al., 2017).

	 Fall incidents also illustrate the relationship between normal ageing and residential interior architecture, 

and its negative impacts on quality of life. We have the opportunity to prove that good design matters, thereby 

supporting ageing people with provision of a harmless, dignified, and healthy home (Chuangchai, 2017c). One 

way to minimise the cycle of falling through interior architecture may be approached by a better understanding 

of age-related changes. Hence, it is important to understand how executive function declines with age in order 

to design strategies or approaches that could decrease the effects of executive dysfunction, resulting in 

improved health with a higher quality of life in ageing people. This article, therefore, aims to provide a review 

of our current understanding with respect to executive function in normal ageing and provide logical criticism 

derived from surrounding evaluation through ageing ergonomics. The article is useful in providing supportive 

information for interior architects, experts, specialists, and ergonomists to design a built environment for reducing 

fall incidents and/or injuries in ageing people with executive function impairment. The paper also adds relevant 

knowledge to associated health-related areas e.g., universal design, design for disabilities, and ergonomics in 

design for the future.
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2. Ageing ergonomics

	 To reduce and prevent fall incidents in interior space amongst ageing people, their limitations and needs 

should be considered during the pre-design stage. Ageing ergonomics is one of the potential concepts of 

applied science for interior architecture that is applicable to help prevent fall incidents. It is an interdisciplinary 

design concept that focuses on age-related changes in aspects of physical activity, physiological function, and 

psychological circumstance (Cammen & Albayrak, 2019). Moreover, ageing ergonomics is primarily aimed to 

support ageing people to independently perform an extensive range of activities and instrumental activities of 

daily living (Righi & Blat, 2017). It not only seeks to alleviate risk factors of falls but also offers innovative 

solutions for successful ageing (Hignett & Wolf, 2016). It has been determined that when the dwelling is 

ergonomically designed, then a greater advantage in a safe and healthy living environment will be achieved 

(Ahasan et al., 2001). These illustrated that ageing ergonomics is associated with the interactions between 

individuals and built environments to design for maximising well-being and quality of life, (e.g., a barrier-free 

environment, design for sustainability, or flexibility and adaptability of living space) which makes approaches 

to ageing ergonomics even more important for housing design. Therefore, the application of ageing ergonomics 

could improve positive correlations amongst non-fall incidents, the interior architecture of the living environment, 

and executive function in normal ageing people.

3. Executive function

	 Executive function considers a set of higher-order operations in the human brain (Ferguson et al., 2021). 

In addition, it refers to a special pathway for a specific task, particularly in relation to an unpredictable 

circumstance, such as behavioural control, decision-making and problem-solving (Chuangchai & Siripakarn, 

2019). Some of the main purposes of executive function include the ability to effectively manage and pay 

attention to behaviour or activity with smooth success (Chiu et al., 2018). Besides, the executive function is a 

part of several abilities e.g., planning and reasoning including mental flexibility (Ferguson et al., 2021). The 

executive function is highly associated with two processes, which are cognitive and motor functions (Chuangchai 

& Siripakarn, 2019). The cognitive function plays an important role as a part of higher-order systems of the 

brain whereas the motor function acts as mechanical systems of the body (Chuangchai, 2017b) as shown in 

Figure 1. The coordination of these two processes is essential for effective performance in humans. Moreover, 

the structure, morphology and connectivity of networks (e.g., neurons, dendrites, axons, and synapses) in the 

brain mostly appear to change with advancing age. These are significantly lost and reduced but do not die. 

However, the ageing process affects the nervous system as well as the cognitive and motor functions resulting 

in impairment of executive functions that is frequently linked to falling in various aspects. Previous studies 

indicated that ageing people showed declining executive functions and were more likely to have the potential 

to experience a first-time falling accident (Herman et al., 2010; Mirelman et al., 2012). Conversely, successful 

ageing is more likely to have a much better executive function baseline than ageing with falls (Chuangchai & 

Siripakarn, 2019). The foregoing discussion suggests that the improvement of executive function through 

higher-order systems of cognitive function or mechanical systems of motor function could have benefits for 

the prevention of fall incidents. Therefore, design for enhancing the executive function in ageing people as an 

intervention focused on removing fall incidents should be considered by interior architects.
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Figure 1. Flow diagram defining an overview of executive function in the article.

Note: Adapted from Chuangchai, 2017b.

4. Cognitive function

	 The cognitive function is associated with brain-based skills that are widely used to indicate differences 

in intelligence in all ages (Nouchi & Kawashima, 2014). The cognitive functioning involved with various mental 

processes, include thinking, learning, remembering, reasoning, problem-solving, decision-making, and attention 

(Fisher et al., 2019). The cognitive function gradually declines over time and is a normal ageing process 

(Chuangchai & Siripakarn, 2017, 2018a). Processing speed, accuracy in response, and error response are a 

set of abilities that refers to the function of cognition (Smith & Brewer, 1995). The processing speed is related 

to the time domain whereas the accuracy and error are related to the frequency domain. The processing speed 

reflects the time duration of performances. The accuracy and error reflect as correct and incorrect answers 

respectively, which are registered in multiple units e.g., numbers, counts, rates, or percentages (Vandierendonck, 

2017). There is evidence that speed and accuracy are balanced for accomplishment of the most correct answers 

per unit time in younger participants. In contrast, errors in ageing participants were minimised through slower 

responses (Starns & Ratcliff, 2010). Together, the processing speed, accuracy, and error contribute a challenge 

through cognitive function, particularly when it comes to several stimuli and multiple conditions. The difficulty 

of a task is greater when it has to be managed within a limit of time. These illustrations show better cognitive 

function may produce quicker decisions, increase the quality of choice selection, and minimise mistakes, 

collectively which help to avoid fall incidents. However, an interior architecture with several distractions and 

many choices (e.g., a complex layout with multiple junctions) can exacerbate decline in cognitive function, 

which can lead to unintentionally falls.

4.1 Processing speed

	 The speed of processing is a response in performing tasks or activities, which is reflected by reaction 

time (Ball et al., 2007). There are various causes of slower or delayed processing speed e.g., lack of autonomic 

responses, poor motor functions, as well as advancing age (Eckert et al., 2010). The slowing of processing 

speed is reflected by worse test performance on many types of tasks that involve a timed response (Kyllonen 

& Zu, 2016). Many cognitive tests and neuropsychological tests are used for clinical assessments of processing 

speed capacities in humans. Previous studies demonstrated that people with healthy ageing have slower 

processing speed compared with a younger age (Manard et al., 2014; Vallesi et al., 2021). However, it is worth 

noting that most of the cognitive tests are partially associated with motor function, rather than cognitive function 
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alone. Since the reaction response reflects processing speed, the interplay of motor response necessarily is 

a component of this speed (Ebaid et al., 2017). General predictable activities, known as behaviours, are involved 

with reaction time but do not require the processing speed to complete the tasks. In contrast, unpredictable 

events, such as fall incidents, require rapid reaction time as reflected by the processing speed in order to 

successfully navigate the situation. Ageing people with a fast speed of processing are more likely to have a 

low impact resulting from falls. From another point of view, reducing the number of tasks to perform would 

decrease reaction time. Unnecessary tasks that are time-consuming should be excluded. Interior architects 

need to be careful with unnecessary activities that may be related to psychological and mental health in ageing 

people.

4.2 Accuracy in response

	 The accuracy in cognition, in general, reflects responding results that fit or are close to an actual value, 

whereas the precision reflects the consistency of the responding results. Both accuracy and precision are 

correlated to the frequency domain. The correlations between the accuracy and precision can reflect either 

parallel or unparallel conditions e.g., accurate and precise, accurate but not precise, not accurate but precise, 

or not accurate and not precise. Moreover, accuracy is negatively associated with the processing speed and 

error and somehow falls between the processing speed and error. Besides, as a correct answer, accuracy is 

opposite to an incorrect answer, which is an error. However, a trade-off between accuracy and processing 

speed as well as the ratio between accuracy and error may not been apply equally to every task since other 

related-factors also have an influence e.g., motivation, fatigue, and a prolonged period of testing time (Brébion, 
2001; Salthouse, 1979; Selgrade et al., 2020). Regarding the right decision, accuracy alleviates and may even 

decrease the chance of falls. Given these relationships, interior architects should consider a simple design. An 

uncomplicated design is a user-friendly design, particularly for ageing people, which reduces opportunities to 

make wrong decisions. It is emphasised that ageing people need more time for decision than younger people. 

Thus, the recommendations for interior architecture are a simple design that allows ageing people to make 

the decision without a time limit to complete their tasks or activities. 

4.3 Error response

	 In cognitive ageing, error processing is an important aspect to explain behavioural control and adaptation 

(Kolev et al., 2005). The error in cognition refers to an incorrect response via a wrong decision, but not due 

to a lack of knowledge (Sitzman et al., 2015). Mostly, the decision in ageing is slower, and tends towards 

avoiding errors, whereas decision in younger ages is quicker and more accepting of errors (Starns & Ratcliff, 

2010). Loss of attention, which is an inability to focus or concentrate on specific information, also leads to 

cognitive errors (Harada & Suto, 2006). In terms of attention, there are two models of error that frequently 

occur in cognitive tests e.g., errors with selective attention and errors with divided attention (Reve & Bruin, 

2014). First, the errors with selective attention are incorrect answers that are caused by specific focus on one 

selected task whilst surrounded with multiple stimuli (either of relevant, or irrelevant, or mixed stimuli) (Zanto 

& Gazzaley, 2017). Second, the errors with divided attention are incorrect answers that are caused by limited 

ability to concentrate on more than one task at the same time (multitasking). The tasks can either be the same 

or not the same, or mixed. The latter model could be more complicated since the divided attention requires 

abilities to momentarily hold information of every single task whilst simultaneously manipulating another task, 

and then getting back to the task at hand again (either orderly or randomly) (Ballesteros & Mayas, 2015). 
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Moreover, there are many other aspects of cognitive errors e.g., errors when thinking or doing backwards, and 

errors with error-tolerance. Inattention with ageing people can lead to a significantly increased risk of fall 

incidents. The preceding discussion suggests that design with consistency or mitigation of distractions through 

context such as lighting uniformity are useful for ageing people to avoid falls. Moreover, use of material and 

colour similarities should be wisely selected. There is a possibility that sameness could create errors through 

misinterpretation. Besides, the contrast in design should not be abandoned for ageing people since the contrast 

could contribute to visibility, whether from near or far distances, which directs attention to specific information. 

Thus, interior architects have to examine and optimise the proportion between conformity and contrast.

5. Motor function

	 Ageing people normally experience declining motor function, which is associated with a greater risk of 

fall, disability and mortality (Buchman et al., 2009). Decreased muscle strength by various factors (such as 

degeneration of neurotransmitter systems, age-related atrophy of the motor cortical regions in brain, and motor 

deficits) is one of the main reasons for restricted movements and lower performances (Liu et al., 2014; Seidler 

et al., 2010). Motor function consists of two main systems, the central nervous system and the peripheral 

nervous system. Generally, the central nervous system controls the core functions of the body whereas the 

peripheral nervous system controls the minor functions, including the gross and fine motor functions(Camicioli 

et al., 1999). Both gross and fine motor functions collectively influence the ability to perform tasks. Proprioception, 

which is an ability to recognise the surrounding space and volume including perception of the object’s location, 

also works concurrently with gross and fine motor functions in the navigation of tasks (Chuangchai, 2017c; 

Kattenstroth et al., 2010). These indicate motor performance. Physical activities in daily life such as walking, 

bathing, and getting up or down from the stairs are governed by the motor performance (Giulio et al., 2020). 

Regarding ageing, reduction of daily functional activities is positively associated with a low level of motor 

performance through changes in the neuromuscular system e.g., motor nerves and muscle fibres (Vandervoort, 

2002). Research has indicated that motor function is significantly diminished between the ages of 75 and 80 

years. In addition, slower movement and velocity, and higher fatigability with less muscle strength accelerate 

rapidly at very old ages (over 80 years) (Hunter et al., 2016). Moreover, the performance of motor function 

was different for ageing people who had a history of falls as compared to non-fallers, where the non-fallers 

group exhibited better motor performance (Chuangchai & Siripakarn, 2019). These factors indicate that a higher 

level of motor performance could reduce the chance of falls. Interior architecture that facilitates ageing people 

to perform activities effortlessly will make their living healthier. It also helps to prevent fall incidents by including 

short walking distance, arched opening (or cased opening), and lightweight fixtures and equipment to overcome 

obstacles.

5.1 Gross motor function

	 The gross motor function is involved with the capabilities of body movements and postural controls 

through balance and coordination (Berryman et al., 2014). The gross motor function controls the core and 

major parts of the body e.g., trunk, neck, arms, legs, and ankles (Song & Park, 2016). A more complete motion 

of the gross motor function offers the motor skill. This skill mechanism can be developed by learning repeatedly. 

More motor skill use contributes to new behaviour (Voelcker-Rehage, 2008). Ageing people, however, naturally 

experience a loss of gross motor function. It broadly shows in the physical activities of daily life that are 



P. Chanbenjapipu, W. Chuangchai, C. Thepmalee and A. Wonghempoom 145

performed with less smooth and/or narrow movements e.g., self-dressing (Spedden et al., 2017). Moreover, 

some gross motors cooperate with fine motors, via sensorimotor, to perform complicated tasks, such as eye-

hand coordination as well as eye-foot coordination when dancing with partners, driving cars, or playing sports 

(Chuangchai & Siripakarn, 2018b). Gross motor function and coordination are key to whole-body control in 

avoiding fall incidents such as increasing stance width when losing stability or by reaching a handrail in the 

bathroom when losing balance. For falls prevention, the role of interior architecture not only refers to the human 

dimensions and range of motion but also is related to the limitations of gross motor functions. Fall incidents 

occur within a short period of time and restriction of movements is highly recommended as a priority for ageing 

people.

5.2 Fine motor function

	 The fine motor function occurs when performing specific tasks e.g., press a small button with one finger, 

pick a tiny object up with two fingers, or threading a needle (Shafizadeh et al., 2019). The fine motor function 

requires sensorimotor in cooperating functions, and often is involved with the somatosensory function e.g., 

tactile sensation (García-Piqueras et al., 2019). The tactile sensation, or the sense of touch, is stimulated via 

serval forms of information that contact with the body surfaces e.g., pressure, vibration, and temperature 

(Wickremaratchi & Llewelyn, 2006). Loss of tactile sensation of palms and feet soles in ageing people is normal. 

Loss of tactile sensation plays an important role in the degeneration of fine motor function (Logue et al., 2020)  

and is indicative of fine motor skill decline in ageing people (Hoogendam et al., 2014). Moreover, fine motor 

skill deficits are not only associated with the impairments of motor function but also cognitive function (Curreri 

et al., 2018). By increasing fine motor function of foot sole skin sensitivity, risk of fall incidents could be 

reduced. Ageing people with greater fine motor function of feet soles have better balance and lower fall 

incidents since they could firmly recognise their centre of masses (Chuangchai & Siripakarn, 2018b). Interior 

architects should consider the design of flooring. For example, textures could motivate fine motor function for 

normal ageing whereby the fine motor function could be improved, reducing the possibility of fall incidents.

6. Conclusions and recommendations

	 Fall incidents amongst ageing people are more likely to result in disability and mortality. As a crucial 

environmental health hazard, fall incidents often occur within elderly houses. One of the most important causes 

linked to falls in normal ageing is the decline of executive function, which slows the pathway to make a critical 

decision through cognitive and motor functions. The cognitive ageing process is not only closely correlated 

with processing speed and accuracy in response, but also correlated with error response. Besides, the motor 

ageing process is associated with declines in gross and fine motor functions. The interplay between cognitive 

and motor functions increases the probability of fall incidents and injuries. 

	 In conclusion, design recommendations are that the interior architecture should work to minimise junctions, 

time-consuming tasks, complex planning, design with inconsistency, long walking distance, multiple doors, 

heavyweight equipment, and flooring without textures as summarised in Table 1. These recommendations are 

addressed in order to guide interior architects in the ageing ergonomics knowledge of residential design for 

ageing people. It is, therefore, beneficial and useful for interior architects to understand how executive function 

changes with age as supportive information in creating a successful environment to postpone the detrimental 

impact of falls. Moreover, this article will help interior architects to communicate and work with geriatrics 
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healthcare professionals and related medical specialists for great benefit in fall prevention through design. It 

will provide information about safe design for all ages and risk- and hazard-free design for ageing people.

Table 1. A summary of the normal changes in ageing people and the implications for interior design.

Executive function Degeneration Design recommendation

Cognitive function Poor decision making A non-complex layout, clear planning, and fewer junctions are 

suggested.

Processing speed Slow reaction time Unnecessary tasks and non-value-added activities should be 

avoided.

Accuracy in response Low accuracy in response An uncomplicated design should be considered. Being able to 

pause or have no time limit while making a decision should 

also be an option.

Error response Loss of attention Design with consistency e.g., lighting uniformity

Motor function Low level of motor performance Short walking distance, arched opening, and lightweight 

fixtures and equipment are recommended.

Gross motor function Uncoordinated movement Not only human dimension but also range of motion should 

be integrated into design.

Fine motor function Loss of tactile sensation Flooring design with fine texture

	 The world population is ageing and will continue to do so for decades more. The number of ageing with 

executive function impairment will increase and this has implications for residential building design. In the near 

future, residential buildings may require a design-enhancing executive function as a strategy in reducing fall 

incidents. This article provides a brief review to introduce interior architects to the concepts of ageing ergonomics. 

Future work should consider a more detailed evaluation of executive function and ageing processes related 

to functions of heart rate variability, pulse transit time, and autonomic nervous system (Chuangchai, 2020; 

Chuangchai & Pothisiri, 2021; Chuangchai et al., 2021). Additionally, more work on developing design guidelines 

in contributing to the executive function is recommended. 

Acknowledgements

	 The authors wish to thank Professor Yongyuth Siripakarn, M.D. for his guidance and helpful suggestions. 

W.C. is supported by the Ratchadapisek Somphot Fund for Postdoctoral Fellowship, Chulalongkorn University.

Author Contributions

	 Supervision, visualization, P.C.; conceptualization, writing - original draft, W.C.; writing - review & editing, 

C.T.; conceptualization, A.W. All authors have read and agreed to the published version of the manuscript.

Conflicts of interest 

	 The authors declare no conflict of interest.



P. Chanbenjapipu, W. Chuangchai, C. Thepmalee and A. Wonghempoom 147

References

Ahasan, R., Campbell, D., Salmoni, A., & Lewko, J. (2001). Ergonomics of living environment for the people 

	 with special needs. Journal of Physiological Anthropology and Applied Human Science, 20(3), 175–185.  

	 https://doi.org/10.2114/jpa.20.175

Ball, K., Edwards, J. D., & Ross, L. A. (2007). The impact of speed of processing training on cognitive and 

	 everyday functions. The Journals of Gerontology. Series B, Psychological Sciences and Social Sciences, 

	 62 Spec No 1, 19–31. https://doi.org/10.1093/geronb/62.special_issue_1.19

Ballesteros, S., & Mayas, J. (2015). Selective attention affects conceptual object priming and recognition: 

	 A study with young and older adults. Frontiers in Psychology, 5, 1567. https://doi.org/10.3389/fpsyg.

	 2014.01567

Berryman, N., Bherer, L., Nadeau, S., Lauzière, S., Lehr, L., Bobeuf, F., Lussier, M., Kergoat, M. J., Vu, T. T., & 

	 Bosquet, L. (2014). Multiple roads lead to Rome: Combined high-intensity aerobic and strength training 

	 vs. gross motor activities leads to equivalent improvement in executive functions in a cohort of healthy 

	 older adults. Age (Dordrecht, Netherlands), 36(5), 9710. https://doi.org/10.1007/s11357-014-9710-8

Brébion G. (2001). Language processing, slowing, and speed/accuracy trade-off in the elderly. Experimental 

	 Aging Research, 27(2), 137–150. https://doi.org/10.1080/036107301750073999

Buchman, A. S., Boyle, P. A., Wilson, R. S., Fleischman, D. A., Leurgans, S., & Bennett, D. A. (2009). Association 

	 between late-life social activity and motor decline in older adults. Archives of Internal Medicine, 169(12), 

	 1139–1146. https://doi.org/10.1001/archinternmed.2009.135

Camicioli, R., Moore, M. M., Sexton, G., Howieson, D. B., & Kaye, J. A. (1999). Age-related brain changes 

	 associated with motor function in healthy older people. Journal of the American Geriatrics Society, 47(3), 

	 330–334. https://doi.org/10.1111/j.1532-5415.1999.tb02997.x

Cammen, T. J. M. v. d., Wang, G., & Albayrak, A. (2019). Where ergonomics meets geriatrics: the connection 

	 between comprehensive geriatric assessment and design for ageing. European Geriatric Medicine, 10(3), 

	 333–335. https://doi.org/10.1007/s41999-019-00171-7

Chiu, H. L., Chan, P. T., Kao, C. C., Chu, H., Chang, P. C., Hsiao, S. S., Liu, D., Chang, W. C., & Chou, K. R. 

	 (2018). Effectiveness of executive function training on mental set shifting, working memory and inhibition 

	 in healthy older adults: A double-blind randomized controlled trials. Journal of Advanced Nursing, 74(5), 

	 1099–1113. https://doi.org/10.1111/jan.13519

Chuangchai, W. (2017a). Association among fear of falling, stress, and quality of life in adults and older people. 

	 Journal of Architectural/Planning Research and Studies (JARS), 14(2), 31-40. 

Chuangchai, W. (2017b). Effect of Cognitive Plasticity Training on Falling in Aging. [Doctoral dissertation, 

	 Thammasat University]. Thammasat University. https://ethesisarchive.library.tu.ac.th/thesis/2017/TU_2017

	 _5710300335_6844_9239.pdf

Chuangchai, W. (2017c). A review article: Environmental hazards at home and ergonomics as fall prevention 

	 for elderly population. Journal of Architectural/Planning Research and Studies (JARS), 14(1), 1-20. 

Chuangchai, W. (2020). Pulse transit time in ageing as early biomarker for risk of dementia. Thai Journal of 

	 Ergonomics, 3(1), 35-44. 

Chuangchai, W., & Pothisiri, W. (2021). Postural changes on heart rate variability among older population: A 

	 preliminary study. Current Gerontology and Geriatrics Research, 2021, 6611479. https://doi.org/10.1155/

	 2021/6611479



JARS 20(1).2023148

Chuangchai, W., Pothisiri, W., & Chanbenjapipu, P. (2021). Variation of autonomic nervous system function by 

	 age and gender in Thai ischemic stroke patients. Brain Sciences, 11(3), 380. https://www.mdpi.com/2076-

	 3425/11/3/380

Chuangchai, W., & Siripakarn, Y. (2017). Effect of cognitive and motor plasticity training on aging between 

	 non-fallers and fallers [Paper presentation]. The 2017 WEI International Academic Conference Proceedings, 

	 Harvard University, Boston, USA.

Chuangchai, W., & Siripakarn, Y. (2018a). Combined training’s effects on elderly people’s development to 

	 minimize risk of falling. West East Journal of Social Sciences, 7(1), 1-12. 

Chuangchai, W., & Siripakarn, Y. (2018b). Falling and aging: Impact of cognitive and motor plasticity training. 

	 The Journal of Aging and Social Change, 8(3), 27-36. https://doi.org/10.18848/2576-5310/CGP/v08i03/

	 27-36

Chuangchai, W., & Siripakarn, Y. (2019). Executive function training in connection with falls on elderly Thais. 

	 Journal of Population Ageing, 12(2), 137-149. https://doi.org/10.1007/s12062-019-9239-9

Chuangchai, W., & Suwanprasert, K. (2015). Guidelines to developing design for sustainability for senior citizens 

	 in Thai society [Paper presentation]. The 4th International Symposium on Engineering, Energy and 

	 Environments, Thammasat University, Pattaya Campus, Chonburi, Thailand.

Curreri, C., Trevisan, C., Carrer, P., Facchini, S., Giantin, V., Maggi, S., Noale, M., De Rui, M., Perissinotto, E., 

	 Zambon, S., Crepaldi, G., Manzato, E., & Sergi, G. (2018). Difficulties with fine motor skills and cognitive 

	 impairment in an elderly population: The Progetto Veneto Anziani. Journal of the American Geriatrics 

	 Society, 66(2), 350–356. https://doi.org/10.1111/jgs.15209

Ebaid, D., Crewther, S. G., MacCalman, K., Brown, A., & Crewther, D. P. (2017). Cognitive processing speed 

	 across the lifespan: Beyond the influence of motor speed. Frontiers in Aging Neuroscience, 9, 62. https://

	 doi.org/10.3389/fnagi.2017.00062

Eckert, M. A., Keren, N. I., Roberts, D. R., Calhoun, V. D., & Harris, K. C. (2010). Age-related changes in 

	 processing speed: Unique contributions of cerebellar and prefrontal cortex. Frontiers in Human 

	 Neuroscience, 4, 10. https://doi.org/10.3389/neuro.09.010.2010

Ferguson, H. J., Brunsdon, V. E. A., & Bradford, E. E. F. (2021). The developmental trajectories of executive 

	 function from adolescence to old age. Scientific Reports, 11(1), 1382. https://doi.org/10.1038/s41598-

	 020-80866-1

Fisher, G. G., Chacon, M., & Chaffee, D. S. (2019). Chapter 2 - Theories of cognitive aging and work. In Boris 

	 B. Baltes, C. W. Rudolph, & H. Zacher (Eds.), Work Across the Lifespan (pp. 17-45). Academic Press.

Fjell, A. M., Sneve, M. H., Grydeland, H., Storsve, A. B., & Walhovd, K. B. (2016). The disconnected brain and 

	 executive function decline in aging. Cerebral Cortex, 27(3), 2303-2317. https://doi.org/10.1093/cercor/

	 bhw082

García-Piqueras, J., García-Mesa, Y., Cárcaba, L., Feito, J., Torres-Parejo, I., Martín-Biedma, B., Cobo, J., 

	 García-Suárez, O., & Vega, J. A. (2019). Ageing of the somatosensory system at the periphery: Age-

	 related changes in cutaneous mechanoreceptors. Journal of Anatomy, 234(6), 839–852. https://doi.org/

	 10.1111/joa.12983

Giulio, I. D., Reeves, N. D., Roys, M., Buckley, J. G., Jones, D. A., Gavin, J. P., Baltzopoulos, V., & Maganaris, 

	 C. N. (2020). Stair gait in older adults worsens with smaller step treads and when transitioning between 

	 level and stair walking. Frontiers in Sports and Active Living, 2, 63. https://doi.org/10.3389/fspor.2020.00063



P. Chanbenjapipu, W. Chuangchai, C. Thepmalee and A. Wonghempoom 149

Gross, A. L., Xue, Q. L., Bandeen-Roche, K., Fried, L. P., Varadhan, R., McAdams-DeMarco, M. A., Walston, J., 

	 & Carlson, M. C. (2016). Declines and impairment in executive function predict onset of physical frailty. 

	 The Journals of Gerontology. Series A, Biological Sciences and Medical Sciences, 71(12), 1624–1630. 

	 https://doi.org/10.1093/gerona/glw067

Harada, E. T, & Suto, S. (2006). How cognitive aging affects the relationship between attention and error 

	 repetitions. Proceedings of the Annual Meeting of the Cognitive Science Society, 28. https://escholarship.

	 org/uc/item/5223h5j2

Herman, T., Mirelman, A., Giladi, N., Schweiger, A., & Hausdorff, J. M. (2010). Executive control deficits as a 

	 prodrome to falls in healthy older adults: A prospective study linking thinking, walking, and falling. The 

	 Journals of Gerontology. Series A, Biological sciences and medical sciences, 65(10), 1086–1092. https://

	 doi.org/10.1093/gerona/glq077

Hignett, S., & Wolf, L. (2016). Reducing inpatient falls: Human factors & ergonomics offers a novel solution by 

	 designing safety from the patients’ perspective. International Journal of Nursing Studies, 59, A1–A3. 

	 https://doi.org/10.1016/j.ijnurstu.2016.02.007

Hoogendam, Y. Y., van der Lijn, F., Vernooij, M. W., Hofman, A., Niessen, W. J., van der Lugt, A., Ikram, M. A., 

	 & van der Geest, J. N. (2014). Older age relates to worsening of fine motor skills: A population-based 

	 study of middle-aged and elderly persons. Frontiers in Aging Neuroscience, 6, 259. https://doi.org/10.3389/

	 fnagi.2014.00259

Hunter, S. K., Pereira, H. M., & Keenan, K. G. (2016). The aging neuromuscular system and motor performance. 

	 Journal of Applied Physiology, 121(4), 982–995. https://doi.org/10.1152/japplphysiol.00475.2016

Kattenstroth, J. C., Kolankowska, I., Kalisch, T., & Dinse, H. R. (2010). Superior sensory, motor, and cognitive 

	 performance in elderly individuals with multi-year dancing activities. Frontiers in Aging Neuroscience, 2, 

	 31. https://doi.org/10.3389/fnagi.2010.00031

Kearney, F. C., Harwood, R. H., Gladman, J. R., Lincoln, N., & Masud, T. (2013). The relationship between 

	 executive function and falls and gait abnormalities in older adults: A systematic review. Dementia and 

	 Geriatric Cognitive Disorders, 36(1-2), 20–35. https://doi.org/10.1159/000350031

Klimova, B., Valis, M., & Kuca, K. (2017). Cognitive decline in normal aging and its prevention: A review on 

	 non-pharmacological lifestyle strategies. Clinical Interventions in Aging, 12, 903–910. https://doi.org/10.2147/

	 CIA.S132963

Kolev, V., Falkenstein, M., & Yordanova, J. (2005). Aging and error processing: Time-frequency analysis of 

	 error-related potentials. Journal of Psychophysiology, 19(4), 289-297. https://doi.org/10.1027/0269-

	 8803.19.4.289

Kyllonen, P. C., & Zu, J. (2016). Use of response time for measuring cognitive ability. Journal of Intelligence, 

	 4(4), 14. 

Liu, C.-j., Shiroy, D. M., Jones, L. Y., & Clark, D. O. (2014). Systematic review of functional training on muscle 

	 strength, physical functioning, and activities of daily living in older adults. European Review of Aging and 

	 Physical Activity, 11(2), 95-106. https://doi.org/10.1007/s11556-014-0144-1

Logue, R., Goldenkoff, E., Vesia, M., & Brown, S. (2020). Measuring hand function in older adults: The need 

	 for better assessment tools. Innovation in Aging, 4(Supplement 1), 202. https://doi.org/10.1093/geroni/

	 igaa057.653



JARS 20(1).2023150

Manard, M., Carabin, D., Jaspar, M., & Collette, F. (2014). Age-related decline in cognitive control: The role of 

	 fluid intelligence and processing speed. BMC Neuroscience, 15(1), 7. https://doi.org/10.1186/1471-2202-

	 15-7

Mirelman, A., Herman, T., Brozgol, M., Dorfman, M., Sprecher, E., Schweiger, A., Giladi, N., & Hausdorff, J. M. 

	 (2012a). Executive function and falls in older adults: New findings from a five-year prospective study link 

	 fall risk to cognition. PLOS One, 7(6), e40297. https://doi.org/10.1371/journal.pone.0040297

Mirelman, A., Herman, T., Brozgol, M., Dorfman, M., Sprecher, E., Schweiger, A., Giladi, N., & Hausdorff, J. M. 

	 (2012b). Executive function and falls in older adults: New findings from a five-year prospective study 

	 link fall risk to cognition. PLOS One, 7(6), e40297. https://doi.org/10.1371/journal.pone.0040297

Nouchi, R., & Kawashima, R. (2014). Improving cognitive function from children to old age: A systematic review 

	 of recent smart ageing intervention studies. Advances in Neuroscience, 2014, 235479. https://doi.org/

	 10.1155/2014/235479

World Health Organization. (2008). WHO global report on falls prevention in older age. World Health Organization.

World Health Organization. (2021). Falls. https://www.who.int/news-room/fact-sheets/detail/falls

Pothisiri, W., Prasitsiriphon, O., & Aekplakorn, W. (2020). Extent of aging across education and income subgroups 

	 in Thailand: Application of a characteristic-based age approach. PLOS One, 15(12), e0243081. https://

	 doi.org/10.1371/journal.pone.0243081

Pothisiri, W., & Quashie, N. T. (2018). Preparations for old age and well-being in later life in Thailand: Gender 

	 matters?. Journal of Applied Gerontology, 37(6), 783–810. https://doi.org/10.1177/0733464816649281

Reve, E. v. h., & Bruin, E. D. d.  (2014). Strength-balance supplemented with computerized cognitive training 

	 to improve dual task gait and divided attention in older adults: A multicenter randomized-controlled trial. 

	 BMC Geriatrics, 14(1), 134. https://doi.org/10.1186/1471-2318-14-134

Righi, V., Sayago, S., & Blat, J. (2017). When we talk about older people in HCI, who are we talking about? 

	 towards a ‘Turn to Community’ in the design of technologies for a growing ageing population. International 

	 Journal of Human-Computer Studies, 108, 15-31. https://doi.org/10.1016/j.ijhcs.2017.06.005

Rogers, M. E., Rogers, N. L., Takeshima, N., & Islam, M. M. (2004). Reducing the risk for falls in the homes of 

	 older adults. Journal of Housing For the Elderly, 18(2), 29-39. https://doi.org/10.1300/J081v18n02_04

Rosado-Artalejo, C., Carnicero, J. A., Losa-Reyna, J., Castillo, C., Cobos-Antoranz, B., Alfaro-Acha, A., Rodríguez-
	 Mañas, L., & García-García, F. J. (2017). Global performance of executive function is predictor of risk 

	 of frailty and disability in older adults. The Journal of Nutrition, Health & Aging, 21(9), 980–987. https://

	 doi.org/10.1007/s12603-017-0895-2

Salthouse T. A. (1979). Adult age and the speed-accuracy trade-off. Ergonomics, 22(7), 811–821. https://doi.

	 org/10.1080/00140137908924659

Seidler, R. D., Bernard, J. A., Burutolu, T. B., Fling, B. W., Gordon, M. T., Gwin, J. T., Kwak, Y., & Lipps, D. B. 

	 (2010). Motor control and aging: Links to age-related brain structural, functional, and biochemical effects. 

	 Neuroscience and Biobehavioral Reviews, 34(5), 721–733. https://doi.org/10.1016/j.neubiorev.2009.10.005

Selgrade, B. P., Childs, M. E., & Franz, J. R. (2020). Effects of aging and target location on reaction time and 

	 accuracy of lateral precision stepping during walking. Journal of Biomechanics, 104, 109710. https://doi.

	 org/10.1016/j.jbiomech.2020.109710

Shafizadeh, M., Sharifnezhad, A., & Wheat, J. (2019). Age-related changes to motor synergies in multi-joint and 

	 multi-finger manipulative skills: A meta-analysis. European Journal of Applied Physiology, 119(10), 

	 2349–2362. https://doi.org/10.1007/s00421-019-04216-4



P. Chanbenjapipu, W. Chuangchai, C. Thepmalee and A. Wonghempoom 151

Sitzman, D. M., Rhodes, M. G., Tauber, S. K., & Liceralde, V. R. (2015). The role of prior knowledge in error 

	 correction for younger and older adults. Aging, Neuropsychology and Cognition, 22(4), 502–516. https://

	 doi.org/10.1080/13825585.2014.993302

Smith, G. A., & Brewer, N. (1995). Slowness and age: Speed-accuracy mechanisms. Psychology and Aging, 

	 10(2), 238–247. https://doi.org/10.1037//0882-7974.10.2.238

Song, G.-b., & Park, E.-C. (2016). Effects of neck and trunk stabilization exercise on balance in older adults. 

	 The Journal of Korean Physical Therapy, 28(4), 221-226. https://doi.org/10.18857/jkpt.2016.28.4.221

Spedden, M. E., Malling, A. S. B., Andersen, K. K., & Jensen, B. R. (2017). Association between gross-motor 

	 and executive function depends on age and motor task complexity. Developmental Neuropsychology, 

	 42(7-8), 495–506. https://doi.org/10.1080/87565641.2017.1399129

Starns, J. J., & Ratcliff, R. (2010). The effects of aging on the speed-accuracy compromise: Boundary optimality 

	 in the diffusion model. Psychology and Aging, 25(2), 377–390. https://doi.org/10.1037/a0018022

Vallesi, A., Tronelli, V., Lomi, F., & Pezzetta, R. (2021). Age differences in sustained attention tasks: A meta-

	 analysis. Psychonomic Bulletin & Review, 28(6), 1755–1775. https://doi.org/10.3758/s13423-021-01908-x

Vandervoort A. A. (2002). Aging of the human neuromuscular system. Muscle & Nerve, 25(1), 17–25. https://

	 doi.org/10.1002/mus.1215

Vandierendonck A. (2017). A comparison of methods to combine speed and accuracy measures of performance: 

	 A rejoinder on the binning procedure. Behavior Research Methods, 49(2), 653–673. https://doi.org/10.3758/

	 s13428-016-0721-5

Viseux F. J. F. (2020). The sensory role of the sole of the foot: Review and update on clinical perspectives. 

	 Neurophysiologie Clinique, 50(1), 55–68. https://doi.org/10.1016/j.neucli.2019.12.003

Voelcker-Rehage, C. (2008). Motor-skill learning in older adults—A review of studies on age-related differences. 

	 European Review of Aging and Physical Activity, 5(1), 5-16. https://doi.org/10.1007/s11556-008-0030-9

Wickremaratchi, M. M., & Llewelyn, J. G. (2006). Effects of ageing on touch. Postgraduate Medical Journal, 

	 82(967), 301–304. https://doi.org/10.1136/pgmj.2005.039651

Zanto, T. P., & Gazzaley, A. (2017). Selective attention and inhibitory control in the aging brain. In R. Cabeza, 

	 L. Nyberg, & D. Park (Eds.), Cognitive neuroscience of aging: linking cognitive and cerebral aging, (2nd 

	 ed., pp.207-234). Oxford University Press.


