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Dong Xu , XingMin Lin *, PeiLin Pan and XiaoLong Huang 
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* Correspondence: 576079447@qq.com 

Abstract: (1) Background: With the global population aging, the demand for effective rehabilitation 
products for the elderly is increasing. Traditional products often fail to meet the comprehensive 
needs of elderly users, who require solutions addressing physical, psychological, and social aspects; 
(2) Methods: Using the Analytic Hierarchy Process, Quality Function Deployment, Axiomatic 
Design, and the System Usability Scale to identify and prioritize user needs, market research and 
user interviews were conducted to understand the preferences of the elderly and obtain design 
specifications. The focus was on multimodal sensory feedback, which was validated through the 
study; (3) Results: Elderly users have a strong preference for rehabilitation products that are 
durable, easy to use and have comprehensive sensory feedback. Intelligent rehabilitation bed as the 
carrier, strengthened structure, high strength material, ergonomic adjustment, integrated health 
monitoring system. Using digital technology for real-time health monitoring and personalized 
feedback to provide a comprehensive recovery experience, high user satisfaction was reported in 
the evaluation; (4) Conclusion: It is important to emphasize user-centered design and integrate 
multi-modal sensory feedback to meet the comprehensive rehabilitation needs of elderly users. 
Future studies should expand user samples and expert opinions to refine and validate the design 
and improve its effectiveness and usability. 
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1. Introduction 

With the global population gradually entering an aging phase, health issues among the elderly 
have become a focal point of societal concern[1]. The high incidence of diseases among the elderly, 
especially chronic and disabling diseases[2–4], has led to a continuous increase in the demand for 
rehabilitation. According to the World Health Organization (WHO), by 2050, the global population 
aged 60 and above will reach 2.1 billion, accounting for 22% of the total global population, posing 
enormous challenges and demands for medical and rehabilitation services[5,6]. 

Rehabilitation medicine plays a crucial role in enhancing the quality of life for the elderly[7], 
encompassing not only the recovery of physical functions but also the reconstruction of psychological 
and social functions[8,9]. Franco-Urbano et al.[10] systematically reviewed the impact of depression 
on functional recovery in elderly stroke patients, particularly emphasizing the importance of 
psychological rehabilitation. Comprehensive rehabilitation programs combining physical therapy 
and psychological interventions can significantly alleviate depressive symptoms, promote overall 
functional recovery, and improve the quality of life for elderly patients. Elsadek et al.[11] evaluated 
the effects of indirect contact with nature on the psychological and physiological health of the elderly 
using forest imagery to simulate natural environments, finding that this method can significantly 
improve their psychological state and autonomic nervous system balance. Currently, rehabilitation 
medicine is gradually shifting from traditional hospital rehabilitation models to community and 
home rehabilitation[12,13]. This transition not only helps reduce the pressure on the medical system 
but also allows the elderly to receive more personalized and continuous rehabilitation services[14]. 
McDonagh et al.[15] through a randomized controlled trial, compared the effects of home 
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rehabilitation and supervised center-based rehabilitation in adult cardiac patients, finding many 
similarities and confirming the great potential of future home rehabilitation[16].  

Multimodal sensory experiences, as an innovative design concept, significantly enhance the 
interaction experience and effectiveness of smart rehabilitation products by combining visual, 
auditory, tactile, and other sensory feedback. Through tactile feedback systems, patients can better 
perceive and adjust rehabilitation movements, thereby increasing the effectiveness of training. 
Additionally, visual and auditory feedback can provide real-time rehabilitation progress and 
guidance, helping patients complete rehabilitation training more effectively.However, the 
rehabilitation products and equipment available in the market often fail to meet the diverse needs of 
elderly users. These products mainly rely on single sensory feedback and cannot provide a 
comprehensive and multi-dimensional rehabilitation experience. 

With the rapid advancement of digital and intelligent technologies, intelligent rehabilitation 
products offer new opportunities to address this issue. These products integrate multiple sensors and 
feedback mechanisms to monitor and analyze patients' rehabilitation status in real time, thereby 
providing personalized rehabilitation plans. Mathew et al.[17] combined upper limb rehabilitation 
robots with artificial intelligence to collect real-time data, resulting in more scientifically based 
rehabilitation treatments. Guo et al.[18] believe that intelligent technology and assistive devices are 
among the future trends, as they can significantly reduce the burden of home care. However, for the 
elderly, the gap between their weakened physical functions and digital technology becomes a major 
constraint on innovation. Researchers need to focus on the ethics of aging suitability, ensuring that 
product designs align with the cognitive and usage habits of elderly users. 

2. Materials and Methods 

2.1. Multimodal Theory 

The human sensory system, comprising the five primary senses and their associated neural 
networks, forms an integrated perception system that allows us to understand and interact with the 
world in various ways. This complex sensory mechanism enables multifaceted interactions and 
interpretations of our environment. Currently, most intelligent products primarily rely on voice and 
screen interactions, which limit the enhancement of natural interaction experiences[19]. Voice 
commands and screen displays cannot comprehensively cover the diversity and complexity of the 
human sensory system, especially in scenarios requiring delicate and intuitive feedback[20]. In this 
context, touch, as a crucial means of human cognition, becomes particularly significant. It is not 
merely simple physical contact but includes various sensory information such as pressure, vibration, 
and temperature, which are transmitted to the brain via the nervous system to help us understand 
and respond to the external environment[21]. Integrating multimodal tactile information with non-
tactile sensory strategies opens up new possibilities for enhancing tactile experiences in the realm of 
intelligent products[22]. 

For elderly smart interactions, the "compensation of the five senses" becomes a method. By 
utilizing a multi-sensory compensation mechanism, it effectively enhances the sensory capabilities of 
the elderly in smart interactions[23], addressing the common sensory function challenges they face. 
In the context of multimodal perspectives, the collection and analysis of physiological data become 
key in designing age-appropriate products, providing precise data support for rehabilitation plans, 
and promoting more natural and profound interactions between intelligent products and users[24]. 
The core lies in organically combining various sensory feedbacks such as visual, auditory, and tactile, 
forming an integrated rehabilitation experience[25].Marques et al.[26] explored the benefits of 
outdoor intelligent therapeutic and rehabilitation spaces combining mobile medical technology and 
sensors for elderly health. They collected biometric data from the elderly in outdoor spaces and 
transmitted the data through intelligent interaction platforms, effectively enhancing both physical 
and psychological health. When designing multimodal rehabilitation products, it is essential to 
consider the ethics of aging suitability, ensuring that product designs align with the cognitive and 
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usage habits of elderly users. Adhering to principles of simplicity and ease of use, and providing 
clear voice prompts and visual guidance is crucial[27]. 

2.2. Market Research 

The needs of the elderly consumer group span various aspects of life. However, as they age, they 
inevitably face the harsh reality of declining physical functions[28,29]. Currently, the rehabilitation 
medical industry in our country is not yet fully developed and is mainly divided into two categories: 
rehabilitation hospital treatment and home recuperation. Given the uneven quality of professional 
service personnel and the high costs, many elderly people tend to opt for home recuperation. To 
improve this situation, it is imperative to strengthen the construction of the rehabilitation medical 
system and enhance the quality of rehabilitation products available for the elderly on the market. As 
shown in Table 1, there are five categories of commonly used rehabilitation products for the elderly. 

Table 1. Rehabilitation products survey. 

Name Picture Applicable Crowd Features Purpose 

Foot press 
device All crowds Foot massage, heat 

Prevent varicose veins, stiff 

and sore soles of your feet 

Walking AIDS 
Elderly, lower limb 

joint postoperative 

population 

Walking, braking 

Share weight, maintain 

balance, and act on your 

own 

Nursing bed 
Bed-ridden people 

after surgery 

Elevating, leg 

bending 

Ease of care and prevent 

muscle rigidity 

Bicycle 
Seniors, upper and 

lower limb 

rehabilitation people 

Coordinate limbs 

and simulate 

walking 

Prevent muscle atrophy in 

the lower extremities, 

improve blood flow, and 

reduce muscle spasms 

Healing Pulley 
Seniors, upper limb 

rehabilitation people 

Gripping exercises, 

joint traction, 

muscle strength 

training 

Improve the range of 

motion of the shoulder joint 

and strengthen the 

coordination of the palm 

muscles 

According to age brackets, the elderly population is subdivided into several stages: 60-64 years 
(active health period), 65-74 years (self-sufficient period), 75-84 years (slow movement period), and 
85 years and above (stage needing care and attention)[30]. This classification reflects that a significant 
proportion of elderly individuals can maintain relatively independent living abilities during these 
stages, demonstrating a trend of autonomous living among the elderly population[31]. The 
mainstream rehabilitation products for the elderly primarily target geriatric diseases, assisting them 
in achieving autonomous movement at various stages. In the future, more intelligent and 
personalized rehabilitation products will become key market drivers, aiming to fully meet the 
rehabilitation and living needs of the elderly at different stages. 
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2.3. User Research 

Zhang et al.[32] proposed a comprehensive assisted product design model based on user 
preferences (PAPDM), which captures the preference factors of the elderly to design auxiliary 
products that better meet their needs, thereby reducing abandonment rates and promoting active 
aging. Bai et al.[33] studied the determinants of comfort in intelligent mattress design from the 
perspective of user needs, emphasizing that the angle range of the bed board should be optimized 
based on individual differences and needs to adjust sleeping posture and balance pressure 
distribution, thereby improving sleep comfort. 

This study focuses on the needs analysis of elderly users, exploring the potential opportunities 
for introducing multimodal interactions in the rehabilitation process. The research aims to 
understand the cognition, experiences, and expectations of elderly people regarding intelligent 
rehabilitation devices, thereby identifying service opportunities and design positioning. The 
researcher visited local rehabilitation centers, elderly activity centers, and residents' homes to 
conduct on-site interviews with five elderly individuals who are capable of self-care (see Figure 1). 
Through face-to-face interviews with target users, the study provides a deeper understanding of their 
experiences, needs, and the motivations behind their product choices. The entire interview process 
was audio-recorded and transcribed for subsequent information sorting and analysis. 

 
Figure 1. Field research. 

From the interviews, it was found that each elderly individual has specific health conditions. 
The interviewers have summarized and distilled the core information, which is presented in tabular 
form, as shown in Table 2. 

Table 2. User interview information. 

Users Age 
Previous 

occupation 

Form of 

residence 

Physical 

condition 

Use of rehabilitation 

products 

Aunty Chen 71 Teachers Living with son 

High blood 

pressure High 

blood sugar 

Didn't use it. Take the 

medicine 

Aunty Ye 62 Small shop owner 
Living with an 

old man 

Aches and 

pains all over 

Not used, usually walk 

more 

Aunty Li 67 Restaurateur 
Living with an 

old wife 

Lower back 

pain, 

Get imported 

injections, drink 
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osteoporosis Chinese medicine, and 

rest against a wall 

when tired 

Uncle Liu 61 Driver Live alone 
Periarthritis of 

shoulder 

Wear shoulder pads, 

massagers, and 

ointments 

Uncle Kim 83 Farmer 
Living with an 

old man 

Had surgery on 

a leg joint 

Wear knee pads and 

use a walker 

The study found that the surveyed users primarily suffer from common geriatric and chronic 
diseases. Many individuals entering old age still maintain good physical function, and thus, those 
with mild conditions often rely on self-healing methods. However, this approach can pose significant 
health risks. Those with more severe conditions tend to seek medical examinations and treatment in 
hospitals, following doctors' orders for home recovery.Currently, the prevalence of rehabilitation 
products is relatively low, with limited exposure to relevant products, which are often difficult to 
operate and generally not very effective. Through interviews, it was discovered that elderly 
individuals are not averse to intelligent rehabilitation products, but they may feel averse to 
complicated operations. Function prompts should emphasize key information, ensuring that 
modules are clear and easy to understand, and leaning towards simplicity and straightforwardness 
in product design. 

2.4. Design Process Based on AHP-QFD-AD 

The Analytic Hierarchy Process (AHP) is an effective decision-making tool that constructs an 
analytical decision model by considering various factors influencing the design of elderly 
rehabilitation products and determining their relative importance. These determined weights can 
provide a basis for design decisions, thereby guiding the design of intelligent rehabilitation products 
for the elderly[34]. Quality Function Deployment (QFD) translates user needs into specific product 
characteristics and technical specifications, accurately understanding the needs of elderly users and 
converting them into specific technical specifications and functional characteristics, which helps 
create products that align with user needs[35]. Axiomatic Design (AD) helps designers optimize 
rehabilitation product designs by mapping user needs to relevant domains, completing the 
transformation from "needs" to "functions" to "design," obtaining specific design parameters, and 
constructing the optimal solution[36]. 

This comprehensive evaluation method allows for a better understanding of user needs and the 
design of more attractive products. It effectively avoids the limitations of a single model by 
scientifically converting user needs into specific technical specifications and design parameters. 
Additionally, it systematically evaluates and quantifies the priorities of various needs, ensuring the 
rigor and logic of the design process[37]. Thus, the designed intelligent rehabilitation products for 
the elderly not only meet the actual needs of elderly users but also stand out in the competitive 
market, as shown in Figure 2. 
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Figure 2. Research approach. 

3. Results 

3.1. Analytic Hierarchy Process 

3.1.1. Determine User Needs 

The initially summarized user needs were subjective and lacked emphasis. To precisely 
determine the design requirements in QFD, the AHP quantitative analysis method was introduced 
to objectively filter user needs. To obtain the weights of each criterion, this study invited five teachers 
and designers from the field of rehabilitation products to serve as expert representatives. As shown 
in Table 4, the relative importance weights and rankings of each evaluation criterion are presented. 
The calculated consistency ratio is 0.029, which does not exceed the threshold value of 0.1, thus 
confirming that this weight distribution meets the consistency standard. Based on the weight values, 
user needs were filtered to derive the key user needs for intelligent rehabilitation products for the 
elderly, aiding the accuracy of subsequent QFD research. 

Table 3. Hierarchical evaluation model. 

Target layer（A） Criterion layer（B） Index hierarchy（C） 

Demand evaluation of elderly 

intelligent rehabilitation 

products（A1） 

Function（B1） 

Multi-sensory experience (C1) 

Physical Signs Monitoring (C2) 

Portable (C3) 
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Appearance（B2） 

Color (C4) 

Size (C5) 

Material (C6) 

Experience（B3） 

Ease of operation (C7) 

Immersive experience (C8) 

Human-machine comfort (C9) 

Practicability（B4） 

Durable (C10) 

Strong and stable (C11) 

Adjustable (C12) 

3.1.2. Determine User Needs 

The initially summarized user needs were subjective and lacked emphasis. To precisely 
determine the design requirements in QFD, the AHP quantitative analysis method was introduced 
to objectively filter user needs. To obtain the weights of each criterion, this study invited five teachers 
and designers from the field of rehabilitation products to serve as expert representatives. As shown 
in Table 4, the relative importance weights and rankings of each evaluation criterion are presented. 
The calculated consistency ratio is 0.029, which does not exceed the threshold value of 0.1, thus 
confirming that this weight distribution meets the consistency standard. Based on the weight values, 
user needs were filtered to derive the key user needs for intelligent rehabilitation products for the 
elderly, aiding the accuracy of subsequent QFD research. 

Table 4. User requirements and weights. 

Target layer

（A） 

Criterion layer

（B） 
Weight Index hierarchy（C） Relative weight Sort 

Demand 

evaluation of 

elderly 

intelligent 

rehabilitation 

products（A1） 

Function（B1） 
0.114 

 

Multi-sensory experience (C1) 0.146 3 

Physical Signs Monitoring (C2) 0.045 7 

Portable (C3) 0.035 8 

Appearance

（B2） 

0.05 

 

Color (C4) 0.004 12 

Size (C5) 0.013 11 

Material (C6) 0.032 10 

Experience

（B3） 

0.255 

 

Ease of operation (C7) 0.081 4 

Immersive experience (C8) 0.032 9 

Human-machine comfort (C9) 0.065 5 

Practicability

（B4） 
0.581 

Durable (C10) 0.301 1 

Strong and stable (C11) 0.181 2 

Adjustable (C12) 0.064 6 

3.2. Quality Function Deployment 

In the Quality Function Deployment (QFD) method, the constructed House of Quality uses an 
intuitive matrix layout and graphical representation to guide the final design in a quantitative 
manner. The specific content is shown in Table 5. 
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Table 5. Specific content of the House of Quality. 

Number Items Content 

1 Left Wall User Needs Elements 

2 Ceiling Functional Content Elements 

3 room Relevance matrix 

4 Right Wall Needs importance 

5 Flooring Needs related weights 

3.2.1. Design Requirement Analysis 

Based on the comprehensive expert evaluations, a series of design recommendations for 
intelligent rehabilitation products for the elderly were obtained. Elderly individuals tend to be 
conservative and prefer products that are durable, safe, and of high quality. Since they have 
established fixed living habits and usage patterns, the design should prioritize user habits[38]. After 
discussions with the expert panel, it was unanimously decided to use an intelligent rehabilitation bed 
as the main design subject for this study. A comprehensive analysis of the related design 
requirements for this intelligent rehabilitation bed was conducted, resulting in the specific design 
scheme shown in Table 6. 

Table 6. Determination of design objectives. 

Number Items 

Multi-sensory experience (C1) Visual Auditory Tactile feedback (D1) 

Physical signs monitoring (C2) Monitoring System (D2) 

Mobile portability (C3) Collapsible (D3) 

Color (C4) Soft warm colors (D4) 

Size (C5) Lightweight (D5) 

Material (C6) Comfort and Skin Friendly (D6) 

Easy to handle (C7) Intelligent guidance (D7) 

Immersive experience (C8) Scenario simulation (D8) 

Human-machine comfort (C9) Ergonomics (D9) 

Durable (C10) Wear and pressure resistance (D10) 

Firm and stable (C11) Strong structure (D11) 

Adjustable (C12) Unified Control Adjustment (D12) 

3.2.2. Quality House Construction 

To determine the weights among the design elements of intelligent rehabilitation products for 
the elderly, it is necessary to clarify the correlation between user needs and design requirements. Our 
research team invited three senior designers of medical rehabilitation products to form an expert 
panel. They conducted pairwise comparisons for each combination to establish the House of Quality 
for elderly intelligent rehabilitation products. The study used a scoring system from 1, 3, 5, to 9, 
representing weak to strong correlations, respectively. The results are shown in Table 7. 
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Table 7. House of quality. 

User needs 
Demand 

weight 

Functional content requirements 

D1 D2 D3 D4 D5 D6 D7 D8 D9 D10 D11 D12 

C1 0.146 9 5 1   5 3 1 5 1 5  

C2 0.045 3 9 5    3 3    1 

C3 0.035  1 9  3    3 1 3 1 

C4 0.004    9  1       

C5 0.013   3  9    3   5 

C6 0.032   1 3 3 9   1 5 3  

C7 0.081  1     9  1   1 

C8 0.032 1 5     5 9     

C9 0.065 1 3    1   9   5 

C10 0.301   1      3 9 5 3 

C11 0.181   1      1 5 9 1 

C12 0.064 5 3 1      5   9 

Degree of importance 1.87 1.8 1.3 0.13 0.32 1.09 1.46 0.57 2.98 3.96 4.07 2.21 

Design requirements Weight 

(%) 
8.6 8.3 6 0.6 1.5 5 6.7 2.6 13.7 18.2 18.7 10.2 

Rank 5 6 8 12 11 9 7 10 3 2 1 4 

3.3. Axiomatic Design 

3.3.1. Demand Mapping 

From the QFD analysis, the six highest-weighted factors are: sturdy structure (18.7%), wear and 
pressure resistance (18.2%), ergonomics (13.7%), unified control adjustment (10.2%), visual Auditory 
Tactile feedback (8.6%), and monitoring system (8.3%). These factors will serve as the basis for the 
design practice of this device. Following the core principles of Axiomatic Design (AD) theory ensures 
precise mapping between functional requirements and design parameters. Based on the expert team's 
recommendations, the design parameters for intelligent rehabilitation products that meet the needs 
of elderly users are established, as shown in Table 8. 

Table 8. Mapping table of requirements and parameters. 

Functional requirements (FR) Design parameters (DP) 

Sturdy structure (FR1) Enhanced reinforced support structure (DP1) 

Wear and pressure resistance (FR2) High strength alloy steel (DP2) 

Ergonomics (FR3) Angle adjustable and angular free design (DP3) 

Unified control adjustment (FR4) Integrated voice and key control system (DP4) 

Visual Aural haptic feedback (FR5) Multisensory personalized regulation (DP5) 

Monitoring system (FR6) Contact physiological parameter sensor (DP6) 

3.3.2. Independence Test 

Mapping the functional requirements (FR) to the specific design parameters (DP) of intelligent 
rehabilitation products for the elderly, we obtain the design matrix G: 
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From this analysis, the constructed matrix is a diagonal matrix, achieving an uncoupled state 
where each element is independent. This follows the principle of the independence axiom, indicating 
that parameters FR1 to FR6 are viable. The design parameters involved in this scheme are reasonable 
and can provide theoretical support for subsequent designs. 

4. Discussion 

Applying the preliminary research results of this paper to design practice, a comprehensive 
evaluation method combining AHP-QFD-AD was used. Based on the key functional requirements 
(FR1-FR6) and their detailed design parameters (DP1-DP6), an exploratory design study of intelligent 
rehabilitation products for the elderly based on multimodal theory was conducted. The specific 
design scheme for an intelligent rehabilitation bed was completed, and the final product renderings 
are shown in Figure 3. 

 
Figure 3. Product display picture. 

This intelligent rehabilitation bed is designed based on multimodal sensory experiences, 
providing comprehensive rehabilitation support and health monitoring for the elderly. The bed 
features an enhanced reinforced support structure and a high-strength alloy steel frame, ensuring 
excellent wear and pressure resistance. Designed with ergonomics in mind, the bed can adjust its 
angle and dimensions without exposing sharp edges, providing optimal comfort and safety to meet 
the individual needs of different elderly users. The bed integrates voice and button control systems 
to simplify operation steps and offers personalized functional modes such as head elevation, massage 
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functions, and intelligent awakening. Digital intelligent technology plays a crucial role in the 
intelligent rehabilitation bed, with built-in bio-radar sensors for intelligent vital sign monitoring. 
These sensors monitor heart rate, respiration, blood pressure, and other vital signs in real-time. The 
monitoring data is transmitted to the cloud for centralized management, and in case of abnormalities, 
an alert is sent to medical staff to ensure timely medical intervention and data feedback. The bed 
eliminates the complex operation interfaces of conventional smart products, providing familiar 
button operations for the elderly and incorporating an intelligent voice rehabilitation assistant. This 
allows elderly users to conveniently access health reports and reminders, enhancing scientific rigor 
and user experience while significantly reducing the learning curve. This approach highlights 
innovative thinking and humanistic care in elderly care, ensuring the intelligent rehabilitation bed's 
outstanding performance as an age-friendly product. 

The multimodal sensory regulation function combines visual, auditory, and tactile feedback to 
further enhance the user experience, as shown in Figure 4. Visually, the intelligent integrated LED 
lights simulate the transition between day and night through gradual light changes, helping elderly 
users adjust their biological clocks. Auditorily, the sound relaxation system, equipped with white 
noise and meditation music, helps elderly users achieve deep rest. Tactilely, the precision massage 
device embedded in the mattress promotes blood circulation through various tactile stimuli, 
providing targeted rehabilitation massages. 

 
Figure 4. Multimodal sensory experience analysis. 

To verify the user satisfaction with the design scheme of the intelligent rehabilitation bed for the 
elderly, after outputting the design scheme, a System Usability Scale (SUS) was created. This scale 
provides an assessment measure of overall usability and consists of 10 questions, with odd-numbered 
items being positive statements and even-numbered items being negative statements[39].The five 
elderly participants who were involved in the initial user research were invited again to evaluate the 
design scheme of the intelligent rehabilitation bed. The evaluation was conducted using images and 
functional explanations. The statistical results are shown in Table 9. 
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Table 9. SUS evaluation results. 

Participant 1 2 3 4 5 6 7 8 9 10 Score 

A 5 1 4 1 5 1 3 2 4 1 87.5 

B 5 2 4 1 5 2 5 1 5 1 92.5 

C 5 2 5 1 5 1 5 1 3 2 90 

D 5 1 5 2 5 2 4 2 5 2 87.5 

E 5 2 5 1 5 1 5 1 4 1 95 

Average 5 1.6 4.6 1.2 5 1.4 4.4 1.4 4.2 1.4 90.5 

The results show that the design scheme of the intelligent rehabilitation bed for the elderly has 
an average score of 90.5, rated as A. The product demonstrates high usability and integration. 
However, items 2, 7, and 9 show higher deviations, indicating that there are still some deficiencies in 
ease of use, learnability, and self-confidence. These areas can be optimized and improved in 
subsequent iterations to better meet the needs of elderly users. 

5. Conclusions 

The results of this study indicate that applying the AHP-QFD-AD methodology to design 
intelligent rehabilitation products for the elderly is effective and beneficial. The research team used 
the highest-weighted design parameters—enhanced reinforced support structure (4.07), high-
strength alloy steel (3.96), angle adjustable and angular-free design (2.98), integrated voice and key 
control system (2.21), multisensory personalized regulation (1.87), and contact physiological 
parameter sensor (1.8)—as important bases for developing the intelligent rehabilitation bed. It 
integrates multimodal sensory feedback, providing comprehensive health monitoring and 
personalized rehabilitation plans. The combination of visual, auditory, and tactile feedback 
significantly improves user satisfaction and engagement, enhancing the physical and mental health 
of elderly users. 

This methodology offers a viable framework for creating user-centered rehabilitation products 
that meet the comprehensive needs of elderly users, demonstrating high usability and acceptance 
among them. It can translate user needs into specific design requirements, ensuring that the 
developed products are not only functional but also user-friendly and accessible. Designers and 
manufacturers aiming to create effective rehabilitation solutions for the elderly should adopt this 
approach. 

Although the current research has shown promising results, future studies should involve larger 
and more diverse samples of elderly users to further validate and refine the design. Additionally, 
continuous feedback and iteration based on user experience are crucial for improving the usability 
and effectiveness of rehabilitation products. By maintaining a focus on simplicity and ease of use 
while integrating advanced features, these products can remain accessible and beneficial to elderly 
users, enhancing their quality of life through effective and engaging rehabilitation solutions. 
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