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Abstract

:

Given the low birth rate and the rapid aging of the population in Taiwan, the issues such as long-term care, high dependency ratio, and labor shortage are no longer avertible. The mobility assists shall play a significant role in helping the elder community to live independently with dignity, and the appearance of the mobility assists should make them feel comfortable as well. Hence this study recommends the development of assistive devices, barrier-free environments, and other solutions that allows the elderly to remain independent. This study explores the influencing factors of the willingness to use exoskeleton mobility assists on the psychological aspects. The purpose of this study is to explore the key factors of the willingness to use Wearable Robotic Exoskeleton. By sorting the style of the assistive devices based on various appreciation levels, the semantic difference scale was used to investigate the influence on the appearance of the assistive device on the wearing acceptance. Lastly, this study aims to acquire the factors that affect the style of the model and the influencing factors on the wearing acceptance, providing a reference for future assistive device design and developers to increase user’s willingness to accept the product.
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1. Introduction


1.1. Research Background


According to the National Development Council, Taiwan has become an aging society since 1993 [1] and will transform into an elderly society in 2018. It is estimated that the country will be a super-aged society in 2025. Meanwhile, Taiwan has experienced negative population growth for the first time in 2020. As of April 2021, Taiwan’s dependency ratio has reached 40.57 (Every 100 people aged 15 to 64 years old need to bear the dependent population under the age of 14 and the elderly over the age of 65) [2]. In the future to come, issues such as the medical burden caused by long-term care, the high dependency ratio, and labor shortages will soon follow. Faced with the issue of demographic changes, the most ideal goal is to enable the elderly to have the ability to live independently. By doing so, not only will the labor burden of long-term care and medical costs be lightened, but it will also encourage the elderly to have a greater quality life and improve their self-esteem.



“Mobility” is one of the basic conditions for senior citizens to enjoy a late life of high-quality by exercising self-reliance. The mobility referred to here does not only indicate the physical mobility of the elderly themselves, but more broadly includes the ability of the elderly to go as they wish on their own by various sorts of transportation [3].



Personal mobility assistive technology (MAT) includes crutches, walkers, manual wheelchairs, electric wheelchairs, and scooters. The Wearable Robotic Exoskeleton is a device among MAT that assists the human body to achieve actions through precision mechanical devices. It combines exoskeleton anthropomorphic technology and information control technology, involving cross-domain expertise such as biokinematics, robotics, information science, and artificial intelligence. Subjected to the technical limitation such as to perform accuracy that conforms highly to human body movements, the judgment of exercise intentions, battery supply, structural materials (light weight, firm, and flexible), control strategies, and other aspects, the international market in recent years mostly remains in the initial stage of development [4].




1.2. Research Scope and Objectives


In the future, with the deterioration of births, the demand for personal mobility assists will inevitably rise in an aging society. Therefore, this research focuses on the Wearable Robotic Exoskeleton, which is developmental and can assist the elderly to remain their mobility. Using the perceptual engineering survey to analyze the connection between the shape of the assistive device and the willingness to wear.



The results can be used as a reference for the modeling design of the Wearable Robotic Exoskeleton in the future and have the assistive device to aid the elderly while taking their mental state into account.





2. Literature Discussion


2.1. Aging Society


According to the Ministry of the Interior, as of March 2018, the proportion of Taiwan’s elderly population has reached 14.05%. It is an aging society as defined by the World Health Organization (WHO). Taiwan’s population aging index (the number of elderly people per hundred young people) has passed 100 for the first time, meaning that the number of elderly people exceeds the number of young ones [5].



The WHO put forward the concept of “Active Ageing” in 2001, expecting the family, society, and the entire surroundings to show support to improve the quality of life of the elderly. According to the “Long-term Care Ten Year Plan—97 to 100 Years Medium-Range Plan” announced in 2009 by the Ministry of the Interior in collaboration with the Department of Health and the Council of Labor, the number of target populations requiring long-term care services is estimated to be more than a 2.8% growth [6].



Taiwan is simultaneously affected by the declining birthrate and aging population, and its population structure is rapidly changing. Faced with the ever-increasing demand for medical care and the gradual shortage of health care labor resources. Solving the labor problem and enabling the elderly to enjoy their later years are crucial issues that the country cannot avoid.




2.2. Mobility Assists Demand


Mobility assists are products and technologies related to assisting personal mobility activities. Simply put, it can assist people who have lost their walking ability to use assistive devices for activities. Assistive devices are used to compensate for the lacking capabilities of physically and mentally handicapped persons. In addition to enhancing the independence in the daily life of the directly handicapped, it also increases the speed and safety of activities [7].



Therefore, mobility assists can help users complete various activities in daily life, thereby improving the quality of life and autonomy of the users and lighten the caregiver’s burden as well as reducing their muscle damage during the process [8].



With the gradual aging of the population structure, the dependency ratio will increase in the future. Therefore, if the elderly can live independently, it will reduce the burden of care for the young and middle-aged population. In addition, if the elderly can live without the care of others, their lives will be less restricted and more dignified [9].



The intention of products for the elderly nowadays is to assist the elderly to take care of themselves. The crucial factor is the mobility of the elderly. Therefore, mobility assists can be the key to bettering the aging society.




2.3. Wearable Robotic Exoskeleton Status


There are currently four companies in the world that primarily produce wearable robots. They are Cyberdyne in Japan, Ekso Bionics (EKSO) in the United States, and Argo ReWalk Robotic and Rex Bionic in New Zealand. Cyberdyne has unique human–machine feedback, and Ekso Bionics (EKSO) has a wide distribution in the European and American markets. Compared to ReWalk Robotic, Cyberdyne and Rex Bionic can walk without crutches. The newly launched ReWalk Q from ReWalk Robotic will also eliminate the need for crutches. ReWalk Robotic is said to be a fairly large-scale company. Formerly known as Argo Medical Technologies in Israel, it later moved its headquarters to the United States. It was approved by the US Food and Drug Administration (FDA) in 2012 and the European Medicines Agency EU in June 2014. It is already available for sale in North America and Europe and has become the world’s first FDA-certified exoskeleton robot medical product [4].




2.4. Aging Phenomenon of Physical and Mental Function of the Elderly


The aging phenomenon is extremely complicated and cannot be attributed to a single factor or a single event. Turner and Helm believe that aging is an interaction between processes [10] that aging should be explained by three aspects: biology, psychology, and society [11]:




	
Biological aging refers to the changes in body function attributed to time.



	
Psychological aging refers to the individual’s perception of the aging process.



	
The aging of society refers to the attitude of society towards aging and the role it plays.








These three kinds of aging phenomena occur interactively throughout the life cycle, and they are multiple experiences rather than a single phenomenon.



Aging is a slow, natural process, which involves physiological cells, organic tissues, the nervous system, etc. In the course of time, the phenomenon of aging pervades the entire individual, causing the structure and function of the individual to gradually change. In the end, the function of different systems in the body is degraded, the individual’s resistance to diseases is reduced, and the final stage of the development of the organism—death—occurs. Therefore, the process of aging is from birth to death [12,13,14].




2.5. Psychological Changes of the Elderly


Elderly people are affected by physical deterioration, and psychological diseases are also prone to occur. Elderly people have a decline in short-term memory and learning ability due to the degeneration of the cerebral cortex; however, long-term memory, intelligence, and judgment are not affected. Therefore, the difference between the concept of self-cognition and the state of self-aging can easily cause the elderly to have negative emotions about self-identity. As a result, the phenomenon of not recognizing old age arises, and it is prone to low self-esteem and anxiety [15].



Furthermore, the mental problems of the elderly will affect their behavior. They are prone to accidents when they do not realize that their physical functions can no longer carry the expected actions. After the accident, the body’s recovery ability is not as good as before, causing permanent damage [16].




2.6. Summarize


Based on the discussions above, it can be understood that the physical and mental function of the elderly includes three parts: physiology, psychology, and society. The degeneration of the physiological part can be assisted by mobility aids. When the wearable Robotic Exoskeleton develops more ideal functions in the future, the elderly will no longer be restricted by mobility degradation and will have more autonomy in life. However, at the psychological level, we need to consider whether the use of Wearable Robotic Exoskeleton will make the elderly feel uncomfortable or cause low self-esteem and anxiety. Therefore, this study expects to explore the influence of Wearable Robotic Exoskeletons on the user’s acceptance of wearing and using mobility assists.





3. Research Methods


To understand how the Wearable Robotic Exoskeleton’s Modeling affects wearable acceptance, it is necessary to classify the types of Exoskeleton Modeling. In order to explore the impact of the difference between modeling on the acceptance of wearing, therefore, the research process is as follows:




	
Collect adjective vocabulary: Investigate the types of adjective vocabulary used by users for “wearable devices”;



	
Definition of modeling index vocabulary: Apply KJ method to classify and summarize the collected adjective vocabulary and establish “modeling adjective index”;



	
Modeling classification of exoskeleton assistive devices: Apply the cross-analysis method to analyze the “Wearable Robotic Exoskeleton” and the “modeling adjective index” to obtain the “modeling category” of the exoskeleton assistive device;



	
Wearability survey: Use the “modeling adjective index” to make a “syntactic difference scale” to investigate the feelings of the “modeling category” of various types of exoskeleton assistive devices and the “wearing acceptance”;



	
Conclusion: Discuss the results of statistical analysis.








Figure 1 is a flowchart of this research, which presents the key points that will be drawn at each stage and the connections between each key point.




4. Implementation and Survey Statistics


4.1. Vocabulary Survey of Adjectives Related to Wear


The goal at this stage is to extensively collect adjective vocabulary related to “wearing”. This research collected 50 images of wearable devices, including various types of wearable devices, smart watches, bracelets, exoskeletons, prosthetic limbs, etc., then selected 10 interviewees aged 20–40 to describe the content of these pictures and recorded all “adjective vocabulary” mentioned.



The reason why the interviewees are selected in the age range of 20–40 years old is that Wearable Robotic Exoskeleton is likely to be popularized among the future generation. In the upcoming 10 to 20 years, this age group will grow as the target user of Wearable Robotic Exoskeleton. Hence, studying the results obtained from their wear-related feelings is of reference value for future assistive device developers.




4.2. Modeling Index Vocabulary Definition


After collecting a large number of adjective vocabulary, we used the KJ method to classify these vocabularies for the first time.



The KJ method is an inductive analysis method. The data classification of this method is not based on the preset categories. According to the content of the data, the similar ones are classified into one category, and then the category themes are found [17].



The category after the first KJ classification is performed, which is the descriptive object of the vocabulary. The following are the five major categories: “Features”, “Modeling”, “Color”, “Material”, and “Texture”, with very few words that cannot be classified, as shown in the Figure 2 below.



Figure 2 presents all the adjective vocabulary collected in the interview and the results of the initial classification of these vocabularies using the KJ method.



The goal of this research is to explore the influence of styling on wearing acceptance, so other influencing factors are excluded, and “Modeling” is used as a further subdivided object. The KJ method was used to classify the adjective vocabulary under “Modeling” for the second time.



This time, the KJ method classification has seven categories: “Streamline”, “Not Obtrusive”, “Unique”, “Easy to match”, “Stylish”, “Light”, and “Simplicity”, and a small number of uncategorized vocabulary, as shown in the Figure 3 below.



Figure 3 shows all the adjective vocabulary under the modeling group and the results obtained after the second KJ method classification.



For the subsequent image scale analysis (cross analysis) and semantic difference analysis, the currently obtained seven types of modeling adjective vocabulary are transformed into seven sets of semantically opposite “modeling adjective index” phrases, as follows:




	
“Stylish” is transformed into “Nice and Unpleasant”;



	
“Streamline” is transformed into “Streamline and Mechanical”;



	
“Not Obtrusive” transformation into “Obtrusive and Not obtrusive”;



	
“Simplicity” is transformed into “Simplicity and Complex”;



	
“Light” is transformed into “Light and Bulky”;



	
“Easy to match” is converted to “Easy to match and Difficult to match”;



	
“Unique” is transformed into “Unique and Mediocre”.









4.3. Modeling Classification of Wearable Robotic Exoskeleton


The goal of this stage is to find out the modeling classification of Wearable Robotic Exoskeleton. Thirty images of mobility assists were selected. The choice of images is based on the assistive devices related to the legs and the assistive devices that can help the user recover their mobility. Then, six sets of “modeling adjective index” were used to perform the image scale analysis. Among the images, the “good looking/ugly” group is subjective and cannot play a role in modeling classification, so it is excluded first, and only six groups of “modeling adjective indices” are used for the image scale analysis.



Six sets of “modeling adjective indicators” and 30 images of mobility assists were analayzed at the image scale to obtain the following Figure 4, Figure 5 and Figure 6.



Figure 4 presents the results of image scale analysis using “Streamline and Mechanical” as the X-axis scale and “Obtrusive and Not obtrusive” as the Y-axis scale.



Figure 5 presents the results of image scale analysis using “Simplicity and Complex” as the X-axis scale and “Light and Bulky” as the Y-axis scale.



Figure 6 presents the results of image scale analysis using “Easy to match and Difficult to match” as the X-axis scale and “Unique and Mediocre” as the Y-axis scale



According to the results of the image scale analysis, the assistive shapes at extreme values (red circle) can be found, and these extreme representative assistive shapes can be integrated. The following four categories can be obtained:




	1.

	
Mechanical type









Mechanical assistive devices are functional and intuitive, with unique, non-streamlined, complicated, difficult to wear, and slightly bulky indicators, as shown in the Figure 7 below.



	2.

	
Minimalistic type







The shape of the bionic assistive device has a sense of muscle line, and the index modeling features included are streamlined, complicated, unique, and difficult to wear, as shown in the Figure 8 below.



	3.

	
Bionic type







The shape of the bionic assistive device has a sense of muscle line, and the index modeling features included are streamlined, complicated, unique, and difficult to wear, as shown in the Figure 9 below.



	4.

	
Organic type







The organic model belongs to the shape of derivative design or parametric design. It has the characteristics of streamlined, complicated, easy to wear, unique, and non-obtrusive, as shown in the Figure 10 below.



In order to investigate the influence of modeling on wearing acceptance, the external influence of different factors such as color, material, texture, angle, etc., should be eliminated.



Therefore, in this study, the four types of mobility assists were removed from non-modeling-related influencing factors, and the Wearable Robotic Exoskeleton was taken as an example. Four “index modelling diagrams” were redrawn from a unified perspective, as shown in Figure 11, Figure 12, Figure 13 and Figure 14.



Figure 11 is a black-and-white view drawn from the angle of the back according to the modeling characteristics of the mechanical assistive devices.



Figure 12 is a black-and-white view drawn from the angle of the back according to the modeling characteristics of the simple assistive devices.



Figure 13 is a black-and-white view drawn from the angle of the back according to the modeling characteristics of the bionic assistive devices.



Figure 14 is a black-and-white view drawn from the angle of the back according to the modeling characteristics of the organic assistive devices.




4.4. Wear Acceptance Survey


The method of Semantic Differentials (S.D) was proposed by Charles E. Osgood and others in 1942. It uses various relative semantic scales to evaluate the degree of stimulation, which is a psychological method of evaluating non-quantitative data. The purpose of S.D. is to grasp the overall image feeling, and its relative semantic phrases can be divided into three main factors: Activity, Potency, and Evaluation [18].



The goal of this study is to explore the relationship between the modeling of assistive devices and the acceptance of wearing. The semantic difference scale of Kansei Engineering is used for investigation and analysis. The completed scale is shown in Figure 15 below.



The semantic difference scale in Figure 15 is drawn based on the seven groups of modeling adjective indices obtained above, adding the degree of wearing acceptance.



The semantic difference scale and four unified exoskeleton “index modelling diagrams” were used to perform the exoskeleton modeling and wearing acceptance survey.



We looked for 50 subjects in the age range from 20 to 40 to conduct surveys and collect statistics. The interview process runs briefly as follows:




	
View four images of the Wearable Robotic Exoskeleton;



	
Fill in the “Semantic Difference Scale” according to the feeling that the image gives you, and fill in the wearing acceptance according to your wishes.








After completing the survey, the obtained scores were averaged, and the statistical results are shown in Figure 16, Figure 17, Figure 18, Figure 19 and Figure 20.



Figure 16 is the semantic difference scale score statistics of 50 respondents for the mechanical type Wearable Robotic Exoskeleton.



Figure 17 is the semantic difference scale score statistics of 50 respondents for the minimalistic type Wearable Robotic Exoskeleton.



Figure 18 is the semantic difference scale score statistics of 50 respondents for the bionic type Wearable Robotic Exoskeleton.



Figure 19 is the semantic difference scale score statistics of 50 respondents for the organic type Wearable Robotic Exoskeleton.



Figure 20 is the semantic difference scale score statistics of 50 respondents for all types of Wearable Robotic Exoskeletons.





5. Conclusions


Observing the statistical results, we learn that the order of wearing acceptance is the “Minimalistic type”, “Mechanical type”, “Bionic type”, and “Organic type”. The styling of the first two are closer to the styles of everyday products, while the styling of the latter two are more natural and organic.



It can be deduced that this difference in the degree of willingness to wear may be affected by bystander’s perception of prosthetic styling, because the current prosthetic styling is mainly based on ergonomic organic styling produced by parametric design that defies mainstream aesthetics. Users do not want to be considered as physically disabled, so the willingness to accept bionic or organic wear is poor.



Observing the various modeling index scores and wearing acceptance of the four types of exoskeletons, it shows that all modeling indicators except for “obtrusive and unobtrusive” have no direct correlation with the wearing acceptance. Basically, the modeling indicators are only influence the presentation of style. It can be inferred that the assistive device is regarded as a part of the outfit and reducing the sense of awkwardness can increase the willingness to wear.



This research is based on modeling. The user’s feelings and acceptance of assistive devices was explored. The observed “low willingness to accept the bionic organic type” and “the shape of the assistive device should be as unobtrusive as possible”, both of which are due to the fact that people who do not want to use assistive devices are regarded as disabled. Therefore, in the future, if there are products related to the elderly, the producers should avoid making users feel that the product is targeted so that the user’s dignity is maintained and that the product will be actively used by him/her. The fact that it can be used out of personal choices is a significant help in increasing the willingness to wear more practical devices.
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Figure 1. Research flow chart. 
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Figure 2. Wearable device adjectives of preliminary classification. 
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Figure 3. Classification of adjectives under Modeling category. 
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Figure 4. Image scale analysis result 1. 
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Figure 5. Image scale analysis result 2. 
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Figure 6. Image scale analysis result 3. 
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Figure 7. Images of mechanical assistive devices. 
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Figure 8. Images of simple assistive devices. 
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Figure 9. Images of bionic assistive devices. 
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Figure 10. Images of organic assistive devices. 
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Figure 11. Repainted mechanical type Wearable Robotic Exoskeleton. 
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Figure 12. Repainted minimalistic type Wearable Robotic Exoskeleton. 
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Figure 13. Repainted bionic type Wearable Robotic Exoskeleton. 






Figure 13. Repainted bionic type Wearable Robotic Exoskeleton.
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Figure 14. Repainted organic type Wearable Robotic Exoskeleton. 






Figure 14. Repainted organic type Wearable Robotic Exoskeleton.
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Figure 15. Semantic difference scale for wearing adjectives. 
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Figure 16. Statistical results of the mechanical type Wearable Robotic Exoskeleton. 
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Figure 17. Statistical results of the minimalistic type Wearable Robotic Exoskeleton. 
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Figure 18. Statistical results of the bionic type Wearable Robotic Exoskeleton. 
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Figure 19. Statistical results of the organic type Wearable Robotic Exoskeleton. 
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Figure 20. Statistical results of all types of Wearable Robotic Exoskeletons. 
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