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ABSTRACT In response to the challenge of accurately assessing age-friendly design requirements during
the improvement phase of smart products, a novel evaluation model is proposed. This model is grounded in
the technology acceptance model and considers the interplay between user weights and requirements. The
aim is to establish precise product indicators and development strategies, thereby maximizing user satis-
faction and market competitiveness. Initially, design evaluation indicators are derived from the technology
acceptance model. Subsequently, the TextRank algorithm and grounded theory are employed to determine
the initial weights of these indicators. The DEMATEL method is utilized to analyze the weight of influence
relationships between indicators, while the Kano model determines importance coefficients for adjusting
weights. Through normalization, final weights are assigned, and the TOPSIS method implements sorting
and significance analysis of age-friendly design requirements. Five age-friendly smartphone samples serve as
case studies to evaluate and analyze the five age-friendly design requirement indicators. Method comparison
and advantage/disadvantage sorting analyses are conducted to validate the effectiveness and feasibility of the
proposed approach.

INDEX TERMS Age-friendly design, evaluation index system, smart products, technology acceptance
model, TOPSIS.

I. INTRODUCTION
In the era of intelligent connection of all things, informa-
tion technology is increasingly becoming the core pillar and
service channel for the care of the elderly life, and the arti-
ficial intelligence-based lifestyle will gradually evolve into
a new type of situation in the life of the elderly group [1].
Smart products, as a kind of key technical equipment to
provide assistance to the elderly life, along with the accel-
erated pace of scientific and technological progress, so that
its original nature of a simple tool has become feature-rich
and complex operation [2]. However, due to the decline of
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physiological functions, the elderly population has a low
degree of adaptation to digital technology, and even reflects
imprecision, unnaturalness and discomfort when interacting
with it. In view of the huge digital gap between the elderly
and smart products, how to accurately control the degree
of intelligence, effectively assess customer needs in product
planning, and promote the mutual adaptation of scientific
and technological innovations to the needs of the elderly has
become a core topic of widespread concern in society [3].
At this stage, the use and popularity of needs assessment in
the age-friendly design of smart products is relatively limited,
and the study will further explore its influencing factors
and internal mechanisms based on technology acceptance
theory.
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Needs assessment, as a key design aspect of smart prod-
uct development, has a decisive impact on the effectiveness
of subsequent product technology guideline development
and the quality of decision making for age-friendly design
solutions [4]. How to focus on the age-friendly design
requirements with high user satisfaction in the product
improvement phase, and mine the core requirements that
are highly sensitive to the age-friendly value of the product,
is the key link to improve the feasibility and effectiveness of
the product improvement design solution [5]. Regarding the
problem of analyzing the demand indexes for age-friendly
of products, the research mainly focuses on two aspects. (1)
Requirements acquisition: Translating users’ design expecta-
tions for smart products into canonical expressions of specific
requirements [6]. (2) Requirements importance assessment:
An assessment method is used to identify the satisfaction
of requirements, and the prioritization of requirements is
formed based on the results [7]. Although the aforementioned
work can initially assess the core design requirements to
ensure the use value of smart products, it involves a large
amount of information with different dimensions, evaluation
scales and expressions, lacks scientific treatment of customer
demand categorization, and ignores the influence relationship
between customer demand indicators, and how to integrate
this information in evaluation decision-making is still an
important challenge [8].
This study attempts to bridge the above research gaps with

the following main objectives:
•To construct an evaluation index system oriented to

the age-friendly design requirements of smart products,
to improve the accuracy of the design evaluation and pref-
erence results, and to provide a feasible way of thinking
for designers to preference age-friendly design solutions for
products.

•Explore how to effectively translate from customer needs
research to design solution validation, avoiding the blindness
and susceptibility to loss of innovation due to the inability
to weigh and choose between various factors in the design
process.

•It is pointed out that the method of evaluating the
age-friendly design requirements of smart products based on
the technology acceptance model comprehensively considers
the characteristic problem in multi-attribute evaluation and
preference, and maximally optimizes the problem of design
requirement decomposition and weight allocation.

This study takes the technology acceptance model as
the main theoretical basis and research foundation, and
takes perceived usefulness and perceived ease of use as
the antecedent variables, and tries to construct an extended
technology acceptance model to enhance the explanatory
degree of the model on acceptance behavior. Considering
the effectiveness of TextRank in extracting information key-
words [9], the rationality of the Grounded theory in collecting
and analyzing information systematically for the problem,
discovering, developing and testing the theory from the infor-
mation material [10], the systematicity of the DEMATEL

(Decision-making Trial and Evaluation Laboratory) in identi-
fying the influence relationship between the complex demand
indicators [11], and the Kano model by establishing a func-
tional relationship between the demand for smart products
and the satisfaction of elderly customers, and thus the accu-
racy of adjusting the importance of customer needs [12], the
study combines the above methods, calculates the relative
closeness of the evaluation object to the optimal solution
according to the TOPSIS (Technique for Order Preference
by Similarity to an Ideal Solution) evaluation, and prioritizes
the customer’s needs [13], in order to help decision makers
accurately identify the key requirements, reduce uncertainty,
and formulate a reasonable design decision for age-friendly
smart products.

This study is structured as follows. Section II presents a
brief literature review on product design requirements and
technology acceptance model approaches. Next, Section III
describes the research design methodology, which inte-
grates 4 methods, TextRank Algorithm - Grounded Theory
- DEMATEL - Kano Model, and describes the evaluation
system composition, sample selection and data collection.
In Section IV, the application of the method is illustrated
through an empirical analysis and discussion of a smartphone
case. Subsequently, Section V validates the feasibility and
effectiveness of the method. Section VI summarizes the study
and presents future research.

II. RELATED RESEARCHES
A. SMART PRODUCT DESIGN REQUIREMENTS
The problem of assessing the age-friendly design needs indi-
cators of smart products in the design conceptualization stage
is mainly studied around two aspects.

Requirements analysis study. It consists mainly of two
aspects: requirements acquisition and requirements impor-
tance assessment. Requirements acquisition, specifically
referring to the translation of user design expectations for
smart products into a canonical expression of specific require-
ments. For example, Muslim et al. [14] proposed the use of
Web service recommender systems to analyze user experi-
ence data of available items/smart products to obtain user
requirements. Wang et al. [15] refined users’ perceptual
needs based on the three dimensions of smart products,
user perception, and behavioral prediction to provide a guid-
ing path for improving the efficiency of product design.
requirements importance assessment, specifically referring to
the use of assessment methods to identify the satisfaction
of needs and to form a prioritization of needs based on
the results. For example, Liu and Wang [16] utilized the
Kano model to classify the demand indicators into overall
one-dimensional quality, charismatic quality, and necessary
quality, which were used to obtain the service function and
social demand of age-friendly products from elderly users.
For the social and emotional elements that may reduce
users’ sustainable requirements during the development of
age-friendly products. Liang et al. [17] proposed to assess
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the importance of requirements through a qualitative design
approach. Zhang et al. [18] proposed a preference-based
design model for age-friendly product to analyze the signifi-
cant value of assisting smart product acceptance in uncertain
design environments in three phases: definition, conceptu-
alization and evaluation. The above work has an effective
evaluation capability in determining the design needs for the
value of age-friendly product development, however, there
are certain limitations, such as subjectivity in the expert
assessment process, which may lead to inconsistency issues
in the results.

Demand transformation solution study. Lawry et al. [19]
investigated the impact of changes in requirements on the
optimization results of requirements design for two cat-
egories of users, older and younger, in conjunction with
an empirical survey in familiarity analysis and validated it
through coding. Li et al. [20] proposed a research method
based on QFD (Quality function deployment) and Kano
model for optimizing the design of user experience of smart
products for the elderly to improve the overall satisfaction
of users with smart products by identifying their potential
requirements. When faced with the problem of not being
able to determine the requirements evaluation environment,
Efe et al. [21] proposed the use of IT2F (Interval Type-
2 Fuzzy) improved fuzzy QFD method to analyze the link
between customer needs and design requirements as a way of
determining the requirements importance. Despite the valid-
ity of the above mentioned models in terms of subjectivity
in demand extraction and fuzziness in evaluation, they show
a clear neglect in terms of interactions correlations between
demands. For this reason, Jose et al. [22] built an impact cor-
relation matrix between digital product assessment indicators
based on DEMATEL to make decisions on digital product
parameters in different countries. Bhanot et al. [23] quan-
titatively analyzed the product evaluation metrics through
DEMATEL and established a demand influence correlation
diagram to represent the influence relationship of each indica-
tor. In addition, theDEMATELmethod has been fully utilized
in enterprise product quality assessment [24], smart product
service systems [25], and consumer purchase intention [26].
Compared to the past, which relied on the traditional Kano
model for requirements segmentation or the QFD model
to realize the conversion between customer requirements
and technical characteristics, these methods do not take into
account the variability of user weights and the intrinsic con-
nection between requirements when collecting information,
which makes the reliability of the assessment results suf-
fer. Compared with traditional design, the requirements of
age-friendly design arise from the affinity matching prob-
lem in the product design process, which manifests itself
in more complex multiple interactions during its life cycle.
Therefore, the impact of these relationships on the results of
requirements prioritization needs to be fully considered in the
process of evaluating requirements for age-friendly design.

Therefore, exploring how to objectively obtain the sat-
isfaction level of elderly users with product age-friendly

design requirements during the optimization design process,
seeking trustworthy requirement weights, reconstructing
smart product interaction prototypes, as well as optimizing
human-computer interaction mechanisms constitutes one of
the key research contents of age-friendly design for smart
products. In terms of age-friendly design demand assessment,
based on the exploration of the above issues, the existing
assessment process still has the following deficiencies:

(1) In the traditional Kano model, we can directly obtain
the weights of product design requirements, but this approach
tends to ignore the differences in the individual characteristics
of elderly users, which makes the credibility of the evaluation
data of each user vary. Different degrees of credibility will
have an impact on the ranking assessment of age-friendly
design requirements, which in turn affects its objectivity and
practicality. Therefore, it is necessary to construct a require-
ments assessment data integration model that can take into
account the varying weights of users in order to reduce the
possible influence of group inconsistent assessment data on
the results of requirements ranking.

(2) In the process of age-friendly design of smart products,
since there may be interdependence or even conflict between
the requirements at various stages, the design scheme has
a certain degree of ambiguity, which makes the interaction
between the age-friendly design requirements an objective
phenomenon. Although the DEMATEL method can reveal
the extent of the influence relationship, it does not go deep
enough when considering the intrinsic influence of multiple
demands and their transmission effects on other demands.
Therefore, we need to take this into account in the process
of calculating demand weights.

(3) In the past research on the demand for age-friendly
design, it mainly relied on the subjective preference of
experts, which led to large fluctuations in the results of the
ranking of demand weights. Therefore, it is necessary to
construct a stable and reliable evaluation system and com-
prehensive weight function, which not only takes into account
the satisfaction of the age-friendly design requirements based
on the consistency of the population in the optimization evalu-
ation model, but also pays attention to the degree of influence
of the conduction utility generated by the interaction of the
internal factors of the requirements on the comprehensive
weight, so as to improve the quality of the user experience
and enhance the loyalty of the users.

B. TECHNOLOGY ACCEPTANCE MODEL APPLICATION
Davis [27] proposed the Technology Acceptance Model
(TAM) for the first time based on the Theory of Rational
Behavior (TRB) model, supported by the Self-Efficacy The-
ory (SET) model and the Expectancy Theory (ET) model,
which was initially applied to elucidating the causes of infor-
mation system input-output imbalance as an important theory
for exploring the user’s acceptance and utilization of informa-
tion systems. Thanks to its concise structure and strong power
to explain user behavior, the model has gained the accep-
tance of a wide range of researchers and established a basic
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theoretical framework for studying the factors influencing the
use of information systems [28]. The deeply expanded and
modified TAM accurately understands and reveals the user’s
acceptance process of emerging technologies or systems,
and it is able to predict and interpret the user’s acceptance
behavior at a certain level, while showing excellent stabil-
ity and applicability. Yousafzai et al. [29] summarized and
reflected on the empirical research of TAM with the help
of meta-analytical methods, adopting a more comprehensive
research perspective. Considering the research methodol-
ogy, technical process and other factors of TAM, a total of
more than 70 external variables were found, which cover
organizational, individual, system characteristics and other
related variables, fully demonstrating the wide applicabil-
ity of TAM. On this basis, Sohn and Kwon [30] analyzed
consumers’ acceptance of AI-based smart products based on
TAM, expanding the influencing factor variables to verify
which factors have the greatest impact on purchase intention.
At the same time, TAM still demonstrated excellent statistical
analysis strength even with a small sample size required for
statistical validation [31]. Therefore, the study takes TAM
as the foundation and main theoretical basis to predict the
evaluation indexes of the age-friendly design needs of smart
products.

Relying on the Theory of Reasoned Behavior framework,
TAM identifies perceived usefulness and perceived ease of
use as the key elements that dominate the use of information
technology. Perceived usefulness reflects the subjective like-
lihood that users will improve their performance as a result
of adopting a technology application in an organizational
context, while perceived ease of use was initially defined
as the degree to which users are able to use a technology
system easily without having to put in too much effort [32].
In view of this, the study classifies the above two as core
indicators as exogenous variables. In exploring the design
demand indicators that influence the use of new technologies
such as smart products by elderly users, the two indicators,
perceived usefulness and perceived ease of use, reflect exter-
nal and internal factors of action, respectively, and have an
impact on users’ attitude and behavioral tendencies towards
application [33]. However, the age-friendly design of smart
products is inseparable from human-computer interaction,
and considering the uncertain issues and challenges of coor-
dination, fault tolerance, and safety of age-friendly smart
products as new products, perceived aesthetics, perceived
interactivity, and perceived sociability will also be used as
important indicators to influence the use of smart products by
elderly users. It has been shown that perceived aesthetics [34],
perceived interactivity [35], and perceived sociability [36] are
influential indicators of users’ attitudes toward use and will-
ingness to demand. Therefore, the study included perceived
aesthetics, perceived interactivity, and perceived sociability
as exogenous variables in the model, and used them as
influence indicators for the needs assessment of age-friendly
design.

III. MATERIALS AND METHODS
A. STUDY FRAMEWORK
Aiming at the complex issues involved in the establishment of
indicator system, weight allocation, user preference concern
and integration of certainty and uncertainty information in the
design of smart products considering the needs of the elderly
group, the study constructed a framework for evaluating the
needs of age-friendly design of smart products, which is
shown in Figure 1. The framework consists of four modules:
Evaluation indexes. The theory of the technology accep-

tance model is the basis to predict the service demand and
use willingness of the elderly users, and then establish the
preliminary evaluation indexes of the age-friendly design
scheme of smart products.

The initial index weights. In order to reduce the influence
of subjective factors and verify the accuracy of the evaluation
indexes, the TextRank algorithm and Grounded theory are
adopted to analyze the demand keywords, finally determine
the initial evaluation index weights.

Optimized valuation index weights. In order to identify
the relationship between the index factors and determine the
importance of each factor, according to DEMATEL’s influ-
ence factor center degree, cause degree calculation shows the
interaction relationship between each evaluation index. At the
same time, the particularity of the research target for elderly
users is taken into account through questionnaire survey of
senior users, so as to further optimize the index weights using
the Kano model.

Optimized design of the evaluation scheme: the TOPSIS
as a sorting method, considers the distance between positive
and negative ideal solutions to realize the sorting of the
evaluation indicators. This method is highly objective in the
evaluation process and used to screen the most reasonable
design evaluation solutions.

Overall, the framework proposed by the study has some
strengths:

Based on the two dimensions of perceived usefulness and
perceived ease of use in the technology acceptance model,
the evaluation indicators are comprehensively determined by
combining the demand characteristics of the age-friendly
design of smart products and the demand preferences of the
elderly users, which strengthens the theoretical support for
the selection of indicators.

The weights of the indicators are calculated with full con-
sideration of the demand and preference characteristics of
the elderly users, and through the integration of the Tex-
tRank Algorithm, Grounded Theory, DEMATELMethod and
Kano Model, not only the intrinsic correlation between the
indicators is shown, but also the demand and preference
characteristics of the users are successfully integrated, which
makes the study more academic depth.

In discussing the complexity of the evaluation process,
the study notes the elements of ambiguity and uncertainty
involved in evaluation information. With the help of evi-
dential reasoning, certainty and uncertainty information is
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FIGURE 1. Age-friendly design requirements evaluation framework of smart products.

organically combined to obtain a consistent elaboration or
description of the test object. This approach provides an effec-
tive response to multi-attribute uncertainty decision-making
problems, and provides more powerful decision support for
the age-friendly design of smart products.

B. EVALUATION INDICATOR SYSTEM
In order to ensure the credibility of the evaluation indexes,
the study firstly selects perceived usefulness and perceived
ease of use as evaluation indexes based on the technology
acceptance model, and the rest of the indexes are adapted
from the existing literature, which are appropriately adjusted
according to the characteristics of the age-friendly design
requirements of smart products. Meanwhile, in order to avoid
semantic ambiguities that may reduce the credibility of the
evaluation indexes, the study adopts expert interviews to
check the acquisition of the evaluation indexes. The study
was funded by the National Natural Science Foundation
of China (NSFC) and the Provincial University Scientific
Research Program. The field and discipline representation of
experts is important for the subjective academic evaluation
empowerment, and in the process of expert screening and
inspection, it is necessary to select experts who are skillful
and conscientious to participate in the review. Considering the
operational use of smart products and data processing issues,
the interview subjects are 10 professorial experts (including
associate professors) in the research fields of management,
design, and computer science, and the basic information is
shown in Table 1. In terms of academic qualifications, the
proportion of master’s degree and Ph.D. degree is 100%; in
terms of titles, the proportion of associate professor and above
is 100%; and in terms of years of education/work experience,
90% of the expert scholars have more than 10 years of

education work experience. Therefore, this effectively guar-
antees the authority and scientific nature of the indicators.
Meanwhile, considering the objectivity of experts’ opinions,
this evaluation adopts the method of anonymous invitation,
which does not involve the research members within the
team, and the experts are not allowed to discuss with each
other and have no horizontal connection. By asking them to
provide comments on the relevance and meaning of the eval-
uation indicators, and then modifying the indicators based on
their feedback, the evaluation indicators of the age-friendly
design requirements of smart products were defined in five
dimensions: perceived usefulness (A), perceived ease of use
(B), perceived aesthetics (C), perceived Interactivity (D), and
perceived Sociality (E). In terms of the credibility analysis
of the evaluation indicators, the study used SPSS software to
measure the Cronbach’s α coefficient value of each indicator
variable, and the Cronbach’s α coefficient value of each
indicator variable was higher than 0.7 [37], which indicates
that the evaluation indicators have good credibility, and the
specific content and reference sources are shown in Table 2.

C. SAMPLE SELECTION AND DATA COLLECTION
Elderly users have declined in all aspects of physical function,
and have higher requirements for the operation of smart
products. The smartphone has a greater test for the use of
the needs of elderly users in terms of interactive operation,
and at the same time, elderly users have certain challenges
in the use of the security of the smartphone. In addition,
at any time the development of science and technology, the
emergence of the elderly digital divide [48], the smartphone’s
smart interaction attributes are more and more complex, and
the intelligence of this feature to bring the elderly users
greater trouble. Therefore, from the perspective of the whole
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TABLE 1. Expert information.

TABLE 2. Evaluation indicator system.

process of smartphone use and its own intelligence, taking
into account the characteristics of user clusters and prod-
uct features, the smartphone is selected as an experimental

case, which is representative and typical relative to other
smart products. The study collects and organizes 50 samples
of adapted aging smartphones through academic websites
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such as Web of Science, CNKI, and Google Scholar, and
e-commerce platforms such as TaoBao, eBay, and Newegg,
etc., and uses Web Scraper, a web crawler tool, and on the
basis of examining the target website and searching for terms
of service related to data crawling, the study crawls the text of
the comments related to the target user group from publicly
available data sources, and classifies the samples according
to the similarity of the appearance data to obtain 20 samples.
Finally, experts were invited to screen the 20 samples to iden-
tify five age-friendly smartphone samples to form the sample
set for the validation of this design requirement evaluation
model: Redmi 9A (P1), VIVOY53T (P2), HONORX50 (P3),
HUAWEI nova 11 (P4), and iPhone 12 (P5).
According to the data from the National Bureau of Statis-

tics of China in 2023 [49], the population aging rate of
Nantong City was 24.63% in 2022, which ranked first in
the country, and as one of the first cities to enter the aging
phenomenon, Nantong City has explored the age-friendly
research for many years. This study focuses on showing the
characteristics and main impacts of smartphone use among
Chinese seniors, so the research object is limited to senior
smartphone users, and the scope is limited to eight national
model senior-friendly communities, which are representative
of Nantong City, as shown in Figure 2. The questionnaire was
designed in three parts:

(1) A brief description explaining the purpose of this ques-
tionnaire and the use of the data, and a brief introduction to
the concepts related to smartphones and age-friendly design.

(2) A survey of the basic profile of older users, including
information on gender, age, education level, mobile phone
use, and socioeconomic situation. The study uses random
sampling to conduct in-depth interviews with individual older
adults in the sample, with the goal of obtaining older adults’
views on smartphones. In order to account for differences
within the group, the research will include individuals with
different levels of smartphone literacy as much as possible,
and will be conducted both online and offline, with the online
portion of the study designed to examine individuals with
stronger smartphone literacy skills, and the offline portion
designed to examine individuals with weaker smartphone
literacy skills.

(3) In the main part of the questionnaire, we organized
the questionnaire according to the five key indicators of
smart product aging design identified in the previous section,
with reference to the principles of the Kano model. The
questionnaires were distributed and collected both online and
offline. In the online questionnaire, we ensured that partici-
pants had basic smartphone operating skills by scanning and
verifying the QR code, and a total of 710 questionnaires
were distributed, of which 672 were validly collected. In the
offline survey, we followed the principle of random sampling
and first asked the participants, ‘‘Can you independently fill
in the verification code received on your mobile phone?’’.
If the answer is affirmative, there is no need to continue
with the survey; if there are difficulties, the survey will be
started; a total of 490 questionnaires were distributed, and

478 were effectively collected. Combining the two methods,
we obtained a total of 1,150 valid samples, the effective ques-
tionnaire recovery rate is 95.8%, which meets the standard,
and the specific statistics are shown in Table 3. Compared
with the on-site samples, the online samples are characterized
by younger age, higher education level and income level, and
they are able to complete the questionnaire independently on
the Internet, which shows a strong ability to operate a smart
phone.

IV. EMPIRICAL ANALYSIS AND DISCUSSION
A. DETERMINE INITIAL INDICATOR WEIGHTS
1) TEXTRANK ALGORITHM FOR EXTRACTING PERCEPTUAL
IMAGERY VOCABULARY
The major goal to extract keywords is to Figure out the words
that accurately convey the fundamental semantic informa-
tion of a document. This process is significant in various
fields, including information retrieval, sentiment analysis,
and public opinion analysis. Aiming at the problem of poor
extraction of words that occur less frequently but can better
express the main idea of the text in the keyword extraction
task of smartphone adaptive age-friendly evaluation text, the
study selected TextRank algorithm to extract the percep-
tual imagery vocabulary. TextRank algorithm is a sorting
algorithm based on graphic analysis used for keyword extrac-
tion and data summarization [50]. A graphical model is
constructed by splitting the text into a number of keyword
elements, constructing keyword nodes, and then establish-
ing edge relationships based on the degree of similarity
between the nodes. Ranking the text score by the magni-
tude of keyword similarity, the score is higher when the
similarity between keywords and other keywords is higher.
Highly relevant sentences are further refined to generate
keywords and digests [51]. This study carefully selects sam-
ples to address the complexity and specificity of the needs
of elderly smartphone users. The complexity arises from
the integration and conflict between the process of dig-
ital product construction and traditional elderly services.
The specificity is reflected in the weak digital literacy and
information expression ability of the elderly. For this rea-
son, when selecting the research sample, we paid special
attention to the specificities of older people in their living
environment. The principles followed in this study were to
emphasize the age distribution and communication skills
of the interviewees and to take into account the diversity
of their backgrounds. Based on these criteria, we screened
55 older adults from eight communities to participate in the
interviews.

This study employs the interactive object elicitation tech-
nique, a user research method that involves in-depth inter-
views. Physical products are used as a medium to elicit user
comments. This method has the advantage of increasing user
engagement more than picture elicitation methods, ensur-
ing that their comments are not limited to the appearance
of the product, but also based on actual experience. Prior
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FIGURE 2. Location of the study area.

to the formal interview, the researcher provided a detailed
explanation of the meaning of smartphone design to the
participants. It was emphasized that the scope of design is
not limited to branding and pricing, in order to ensure accu-
rate understanding of the topic of discussion. Following this,
the researcher demonstrated and introduced the smartphone
to allow participants to experience the product firsthand.
Finally, participants were asked to share their perceptions
of their experience with the phone in a semi-structured
interview guided by the researcher. The interviews followed
a semi-structured format, consisting of a set of standard-
ized questions regarding users’ perceptions of smartphone
usage. The questions focused on eight perspectives: design,
presentation, performance, camera, operating system, bat-
tery, audio, and functionality. Examples of questions asked
include: ‘What is your initial impression of the phone?’,
‘What are your thoughts on the experience of using this
cell phone?’, and ‘Which features do you find particularly
convenient?’ During the interview, follow-up questions were
asked based on the respondents’ answers. For instance, when
a respondent stated that the cell phone looked sophisticated
and was easy to carry, the researcher asked why they thought
it looked sophisticated. These questions aided in exploring
the underlying meanings behind the respondents’ comments
and enhancing our comprehension of their mental models and
cognitive structures. Ultimately, we compiled and systemati-
cally analyzed all the data.

In this study, TextRank algorithm was chosen to select
the data of 55 review texts for the five above-mentioned
smartphones (P1-P5). The essential words were extracted
as required key nodes, and their Rank values assessed and
sorted using iterative calculation method. Iterative calcula-
tion involves the analysis and calculation of the connection
relationship between the nodes, and it gradually approximates
the Rank value of each node through continuous iterations.
This process involves evaluating the nodes’ significance by
considering factors such as them in-degree and out-degree.
It involves obtaining the perceptual imagery word clusters
which provide a data source for the required keywords for the
rooting theoretical analysis, confirming initial index weights.
This process further identifies the needs of elderly user
groups with high accuracy and authenticity to enable their
effective utilization.

Firstly, 55 comment texts are lexiconized by the HanLP
lexer in the Python tool according to the references [52].
Then, comments that are not clearly related to the target
user cluster are screened and processed, but key nouns and
verbs are screened and remained based on a specified word
number threshold. The core words are extracted as nodes
of the keyword graph in a quantitative way, following the
steps of class delineation, lexical delineation and annotation,
and deactivated word deletion. The co-occurrence of the key-
word relationship is used to establish connectivity between
the nodes and specify the initial value for the nodes. After
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TABLE 3. Questionnaire sample information.
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TABLE 4. Representative imagery vocabulary and its weights (partial).

that, the weight value is iteratively propagated between the
nodes until convergence. The calculation formula is shown
as below:

AVi =
(1 − d)

n
+ d

(∑
VjϵYvj

Zji∑
VkϵXvj

Zjk
Avj

)
(1)

The formula includes several variables: Avi represents the
importance of the text vocabulary Vi; d represents the damp-
ing coefficient with a value of 0.85; Yvj represents the set of
core vocabularies; Xvj represents the set of core vocabularies
that co-occur with the text vocabulary Vi; and Zji and Zjk
represent the similarity between the nodes.

The representative imagery vocabulary and weighting
coefficients for smartphones were computed and presented
in Table 4.

2) GROUNDED THEORY OF ACQUIRING KEYWORDS TO
DETERMINE INITIAL WEIGHTS
After acquiring the perceptual imagery vocabulary and
corresponding weight coefficients through the TextRank
Algorithm, to further refine and categorize the imagery
vocabulary is needed. Also, it is necessary to extract the
core keywords to be organized in the evaluation indexes
of aging-appropriate design of smart products and compute
the initial weight value of each index. Grounded Theory as
a bottom-up systematic inductive approach can inductively
organize the categories, naming and connotations of research
design demand indicators from the perspective of the user

subject, minimizing the influence of the object. Therefore,
the research adopts a combination of quantitative analy-
sis and qualitative researches, focusing on the requirements
of elderly user clusters. Furthermore, the Grounded The-
ory approach is utilized in refining the evaluation scope of
smartphone age-friendly design, selecting out keywords, and
setting the initial weights of exceptional features.

The grounded theory method, as a qualitative research,
emphasizes developing a theory from empirical informa-
tion [53]. The method’s primary aim is to derive general
principles and laws from detailed observations and analysis
of actual situations, finally concluding a practical theoreti-
cal framework. Firstly, in the bottom-up research approach,
systematically collected information is used to identify core
concepts that accurately represent social phenomena, and
then develop related social theories. To be noted, grounded
theory is based not solely on empirical factors, but also on
innovative concepts and ideas derived from empirical facts,
validated by robust evidence [54]. Relying on the smart prod-
ucts age-friendly design demand evaluation index system,
the raw data in the comment text are coded in open-ended,
spindle-ended and selective coding through conceptual sum-
marization, and the details are shown in Tables 5-6.
(1) Open coding. After integrating, analyzing and refining

the initial data, the labeling, conceptualization and catego-
rization of the data were achieved [55]. The study used the
qualitative analysis software Nvivo 14 to initially code the
review text, complete the concepts and categories of free
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TABLE 5. Partial spindle coding process.
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TABLE 6. Selective coding process.

TABLE 7. Initial indicator weights.

nodes and tree nodes, and obtain 608 initial concepts. After
sorting, extracting, analyzing, summarizing, and deleting
steps, 20 initial categories such as fast software installation,
redundancy streamlined, smooth running screen, and intelli-
gent classification were generated.

(2) Spindle coding. Based on the spindle-based coding
strategy, the purpose is to deeply excavate the intrinsic con-
nection between the concept and many categories, and to
realize the correlation elaboration and reasonable presen-
tation of the components of the original data [56]. Based
on the 20 initial categories obtained by open coding. After
comprehensive generalization and aggregation analysis, these
initial concept attributes and dimensions are specified, and
the data are reintegrated to obtain the intermediate factors of
the age-friendly design demand indicators of smart products,
forming 10 secondary categories such as system stability,
content usefulness, user friendliness, application security, etc.

(3) Selective coding. Under the precondition based on
specific logical connections, secondary categories, initial cat-
egories and initial concepts are categorized and integrated
to explore the representativeness and coherence among con-
cepts [57]. Through repeated comparison and argumentation,
it is found that there is a strong logical relationship between

perceived usefulness, perceived ease of use, perceived aes-
thetics, perceived interactivity, and perceived sociability,
which is in line with the composition of the evaluation system
of the age-friendly design needs of smart products.

(4) Saturation test. When the coding of information data
can no longer present further novel ideas, categories and
associations, three or more sources can be verified. If novel
categories and associations can still not be identified through
verification, then it can be judged that the theory derived from
the code has achieved saturation [58]. The study did a theory
saturation test on 20 randomly selected textual materials from
55 review texts. After three levels of coding and analysis,
no new categories and associations were identified, so the
final sample marked theory saturation.

(5) Initial indicator weight calculation. Calculate the initial
indicator weights of the smart product age-friendly design
demand indicators according to the coding results, and the
calculation results are shown in Table 7.

B. OPTIMIZATION OF INDICATOR WEIGHTS
1) DEMATEL METHOD WEIGHTS CALCULATION
The DEMATEL algorithm, developed by professors Gabus
and Fontela of the Geneva Research Center in the 1970s,

VOLUME 12, 2024 49419



H. Zeng et al.: Older Users Acceptance of Smart Products

TABLE 8. Initial direct impact matrix.

TABLE 9. Calculation of indicator value.

is an algorithm used for factor analysis of complex systems.
This algorithm utilizes the principle of graph theory and
builds an analytical structure model to recognize and ana-
lyze the causal correlations between complex social factors,
so as to identify key elements [59]. Its application, as a
scientific analytical tool, is significant in decision-making
of complex systems [60]. The DEMATEL method allows
for quantitative analysis of the mutual influence degrees
between elements, including influence degree, degree of
being influenced, along with cause and centrality of each
element. This method obtains weight values between the
elements considering interrelationships between indicators,
so as to adjust and optimize the weight interference due to
the non-independence between the product design evaluation
indicators [61]. According to Table 1, the evaluation index’s
importance differs with mutual influence. In order to calcu-
late the weight value of the indexes, the study referred to the
DEMATEL method in the literature [62] and the following
specific steps were followed:

(1) To develop the initial direct impact matrix. Firstly,
experts were invited to judge the strength of the impact
between the indicators, which was transformed into
non-negative integers using the five-point method [63]
according to a five-level scale of 0 - none, 1 - weak, 2 -
normal, 3 - strong, and 4 - very strong. Then, a directional
map is drawn to represent the corresponding score of each

indicator, as shown in Figure 3. Through that, the initial direct
impact matrix is built, C =

{
xij
}
n× n (refer to Table 8).

(2) Direct Impact Matrix (Normalized). Matrix C is then
normalized and take as D by the following formula:

D =
xij

max(
∑n

i=1 xij)
(1 ≤j≤n) (2)

(3) To calculate the integrated impact matrix. The inte-
grated impact matrix E follows this formula:

E =

(
Y + Y 2

+ YK
)

=

∑∞

K=1
Y k = Y (I − Y )−1 (3)

(4) To calculate the influence degree, influenced degree,
center degree, cause degree and weight value of each element
The calculation results are shown in Table 9.

The degree of influence, denoted as Fi, is the sum of
each row’s values in matrix E . This value represents the
comprehensive influence of each element, in a row, on all
other elements.

Fi =

∑n

J=1
xij, (i = 1, 2, . . . ,n) (4)

The degree of influence is determined by summing the
values in each column of matrix E , which represents how
much all the elements in a column influence each other
element. This value is denoted as Gi and calculated through
the following formula:

Gi =

∑n

j=1
xij, (i = 1, 2, . . . ,n) (5)
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TABLE 10. Categorization of user demand preferences.

FIGURE 3. Directional map of evaluation indicator relationships.

The central degree refers to the position of a factor in the
evaluation system and its significance. The central degree of
a factor is quantified by summing up its degree of influence
over the degree of influence being exerted on it, indicated as
Hi. The corresponding formula is as follows:

H i = Fi + Gi (6)

Then the degree of causation can be determined, and the
degree of influence of the element from the degree of being
influenced is subtracted, both represented as Ii, by the follow-
ing formula:

I i = Fi − Gi (7)

Then the inter-indicator impact weights can be calculated,
denoted as Ji, according to the following formula:

J i =
Hi∑n
i=1 Hi

(8)

2) KANO MODEL WEIGHTS ADJUSTMENT
The Kano model was introduced in 1984 by Japanese scholar
Noriaki Kano [64] It categorizes the quality attributes of

FIGURE 4. Kano model.

a product into five types that are based on the correlation
between its objective performance and customers’ subjective
perceptions. These categories includeMust-have quality (M),
Expected quality (O), Attractive quality (A), Undifferenti-
ated quality (I), and Reversed quality (R) [65], as shown in
Figure 4. Through this model, the satisfied and unsatisfied
needs of elderly users can be effectively segmented in a more
scientific way, enabling a more accurate identification of
different user groups. Among aging-friendly smart products,
users are always the major design focus by comprehen-
sively considering the user’s characteristics and behavioral
needs [66]. Peng et al. [67] argued that the fused DEMATEL -
Kanomodeling approach ismore reliable by better taking into
account the interactions between evaluation metrics as well
as the importance of the user in program selection and the
comprehensive integration of deterministic and uncertainty
information. To realized higher evaluation effectiveness, the
Kano model combined with questionnaires can be used to
measure relevant indexes, so as to understand the differences
and preferences between user needs.

According to the 1150 questionnaires collected above,
the Kano classification results of smart product age-friendly
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TABLE 11. Kano model evaluation indicator weights.

TABLE 12. Composite indicator weights.

TABLE 13. Initial evaluation matrix.

design demand indicators are determined with reference to
the frequency maximummethod, which is shown in Table 10.
This study refers to the Kano model weight optimization
method in the literature [68], and sets 0, 1, 2, and 4 as
the adjustment coefficients µ corresponding to the Kano
attributes I, M, O, and A, in which Li is the adjusted weight
and Ji is the indicator influence weights between them, the
calculation results are shown in Table 11, and the calculation
formula is:

L i =
Jiµ∑n
j=1 Jiµ

(9)

3) DETERMINATION OF COMPOSITE INDICATOR WEIGHTS
TextRank Algorithm is adopted to obtain the perceptual
image vocabulary, and Grounded Theory analysis of the
required keywords is utilized to determine the initial indica-
tor weights. Such combination of quantitative analysis and
qualitative research can effectively reduce the interference of
subjective factors. Moreover, the mutual influence of eval-
uation indicators between the weights can be adjusted by
the DEMATEL method, and further optimization of eval-
uation indexes can be realized by the Kano model. The
combination of the above four research methods can better
analyze the important role of evaluation indexes in the verifi-
cation of age-appropriate design solutions for smart products,

and determine the weights of the comprehensive indexes,
which are calculated by the following formulas, as shown in
Table 12.

K i =
JiBiLi∑n
i=1 JiBiLi

(10)

C. TOPSIS SELECT MORE FAVORABLE DESIGN
EVALUATION PROGRAM
TOPSIS, which stands for Technique for Order of Prefer-
ence by Similarity to Ideal Solution, is a scientific method
widely used to analyze multi-objective decisions with finite
solutions. Themethod functions by first normalizing the orig-
inal matrix, defining the optimal and worst solutions among
various options. Then, it calculates the distance between the
evaluation objects, identifying the best and worst solutions.
Then, the proximity of the evaluation object to the ideal
program is calculated, to serve as the basis for evaluating
the pros and cons [69]. The application of this method is
conducive to informed assessments and decisions for best
results.

Before the formula calculation, according to the previous
summary of a number of smart product age-friendly evalu-
ation categories cannot be directly quantified to design the
evaluation scheme, the construction of the initial evaluation
matrix is conducive to a better analysis of the evaluation
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TABLE 14. Standardization of evaluation matrices.

TABLE 15. Weighted evaluation matrix.

model of the scheme sorting preferences. By inviting experts
to score the evaluation indexes in Table 2, according to
the Likert 9-level scale (1-9) [70], around five samples of
age-friendly smartphones (P1-P5), counting the scores and
calculating the average value, the initial evaluation matrix
is constructed, see Table 13, and in order to improve the
performance of the data, enhance the precision of the matrix
model, and simplify the calculations, the matrix is standard-
ized again [71], see Table 14.

In this study, we refer to the TOPSIS formula in the refer-
ence [72], and the calculation process is as follows:

(1) To build the evaluation data matrix for ageing-friendly
design of smart products. The horizontal indexes should be
the evaluation ones, represented by m; the vertical indexes
as case samples, represented by n. Then the obtained data is

normalized to build the matrixU =

 u11 · · · u1m
...

. . .
...

un1 . . . unm

, and the

raw data is normalized to have the matrix Vij. The normalized
values in the matrix are:

V ij =
uij√∑n
i=1 u

2
ij

(11)

(2) To standardize the weights to build a weighting matrix.
Matrix Zij adjusts the weights using the comprehensive

weight formula Ki and the standard normalization matrix
Vij. Table 15 presents the results of the weighting
process.

Zij = KiVij(i = 1, 2, . . . ,n;j = 1, 2, . . . ,m) (12)

(3) To calculate the positive and negative ideal solution
values. The calculation formula is as follows:

Z+
= (z+1 , z+2 , . . . ,z+m = ( max {z11, z21, . . . ,zn1} ,

max {z12, z22, . . . ,zn2} , . . . ,max {z1M , z2M , . . . ,znm} )

(13)

Z−
= (z−1 , z−2 , . . . ,z−m = ( min {z11, z21, . . . ,zn1} ,

min {z12, z22, . . . ,zn2} , . . . ,min {z1M , z2M , . . . ,znm} )

(14)

(4) To calculate the Euclidean distance. The calculation
formula is as follows:

O+

i =

√∑m

j=1
(z+j − zij)

2
(15)

O−

i =

√∑m

j=1
(z−j − zij)

2
(16)

(5)To establish sorting preferences for the comprehensive
evaluation index, calculate the relative affinity as follows:
Define Si as the formula for computing the relative closeness;
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TABLE 16. Closeness degree.

TABLE 17. Comparative ranking of W1-W4 empowerment methods.

larger Si values correspond to more logical indicators. The
formula is shown below, and the computation results are
presented in Table 16.

S i =
O−

i

O−

i + O+

i

(17)

V. VALIDATION OF CASE RESULTS
To establish the ranking preference for the evaluation scheme,
it is necessary to verify the method’s rationality and priority.
As a result, the design scheme preference under different
weight assignment methods are compared. More specifically,
W1 is based on TextRank Algorithm - Grounded Theory
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TABLE 18. Comparison of weight values of W1-W4 empowerment methods.

FIGURE 5. Comparison of normalization of W1-W4 empowerment
methods.

FIGURE 6. Comparison of weights of W1-W4 empowerment methods.

- TOPSIS, which does not consider the influence between
evaluation indicators and the influence of user demands
on evaluation indicators; W2 on TextRank Algorithm -
Grounded Theory - DEMATEL - TOPSIS; W3 on TextRank
Algorithm - Grounded theory - Kano model - TOPSIS, with
considerations user demand’s influence on evaluation indi-
cators; W4 on TextRank Algorithm - Grounded theory -
DEMATEL - Kano model - TOPSIS, considering the com-
prehensive influence between evaluation indexes and the

influence of user demand on evaluation indexes. In addition,
the relative closeness Si in Table 16 is responsible for the W5
result. To guarantee the comparability of the four assignment
methods, this study eliminates the decimal fractions from
the subsequent calculations. Moreover, consistently numer-
ical calculations are performed directly to ensure that the
comparisons of the W1-W4 schemes are consistent. The dif-
ference between the calculation results of W4 and W5 is
attributed to the errors produced by remaining the decimal
point during the calculation process. The effect on the pre-
ferred ranking of evaluation indicators is minimal and not
significant. Tables 17 - 18 and Figures 5-6 present the calcu-
lation results.

According to these results, the evaluation schemes of W1
and W2 empowerment methods have a consistent order. W1
is based on TextRank - Grounded theory, and W2 on Tex-
tRank - Grounded theory - DEMATEL. However, the group
characteristics and use requirements of the elderly were not
considered during the empowerment process. Referring to
Figure 5, curves in W1 and W2 empowerment methods are
relatively flat, which results in less differentiation between
the evaluation indexes’ weights. Therefore, the similarity of
the evaluation schemes’ results tends to be higher. Referring
to Figure 6, curves in the W1 and W2 empowerment methods
are also relatively smooth, which indicates insufficient dif-
ferentiation between the evaluation indicators regarding their
respective weights. That is, this leads to a high degree of
similarity in the evaluation program’s results and less differ-
entiation. However, the evaluation programs for the W3 and
W4 assignment methods follow a similar pattern. As demon-
strated in Figure 6, the weight differentiation between the
evaluation indicators of W4 is more significant comparing to
that of W3. This indicates that comprehensively considering
the user’s needs and the weight influence between indicators
is more reasonable and beneficial for selecting the design pro-
gram. Therefore, the TextRankAlgorithm - Grounded Theory
- DEMATEL - Kano Model - TOPSIS Design Requirements
EvaluationModel meets the research needs and helps to guide
the improvement of smart product age-friendly solutions.

VI. CONCLUSION
The study proposes an evaluation scheme for age-friendly
smart product design requirements based on Technology
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Acceptance Model, which fully considers the characteris-
tics of the elderly users and the aging characteristics of the
product. In addition, TextRank Algorithm, Grounded theory
qualitative research method, DEMATEL decision experiment
and evaluation analysis method, Kano model method, and
TOPSIS approximation of the ideal solution ranking method
are combined to build an evaluation system systematically
and rationally by incorporating a five-dimensional index
system, including perceived usefulness, perceived ease of
use, perceived aesthetics, perceived interactivity, and per-
ceived sociability. In this study, five types of smartphones
are taken as representative smart product samples, so as to
assess whether the evaluation index system can meet tar-
get users’ needs. Based on the evaluation index system,
current designs for age-friendly smart products should prior-
itize users’ experience and inherent preferences, focusing on
products’ perceived interactivity and ease of use. The study
contributes to the scientific evaluation of age-friendly design
requirements of smart products, stepping forward comparing
to previous researches and providing a theoretical foundation
for related departments’ evaluation of age-friendly products.
Furthermore, the study develops an evaluation index system
to determine the favor level of age-friendly smart product
design and provides practical recommendations for future
practice. However, this study also has limitations as indexes
at all levels are somewhat subjective, and data collection
for some indexes can be challenging. Therefore, further
improvement is required.Moreover, only a few representative
smartphones were selected, so future researches can expand
the scope, so as to have more reasonable results. Age-friendly
renovation is a crucial requirement for implementing modern
intelligent elderly care, and it has become a core strategy for
the international community to address the trend of popula-
tion aging. China is in the early stages of aging governance,
facing challenges such as the delayed emergence of aging,
inadequate early research foundation, and relatively limited
practical experience in the governance system. Furthermore,
the scope of related research remains limited and the factors
considered are not comprehensive enough, which hinders the
effectiveness of the renovation. To improve the effective-
ness of age-friendly renovation, China should analyze and
learn from successful international cases. For example, China
could learn from the inclusive elderly care system in Eastern
Europe, the market-oriented large-scale elderly communities
in the United States, the community care model in the United
Kingdom, and the nursing care insurance system in Japan.
China can develop standardized recommendations and an
implementation roadmap by summarizing typical practices
and advanced experiences of other countries. This will effec-
tively alleviate the current contradiction between environ-
mental facilities and the needs of an aging society, promoting
the healthy development of the elderly care industry.
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