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Abstract

Background: Improving cognitive function in healthy older adults is a global concern. Cognitive training delays mental
deterioration. The utilization of robots and board games for aiding older adults in cognitive training represents a prominent
technological trend and is a subject of meriting investigation.

Objective: This study evaluates the acceptability and factors influencing the continuous usage intention of a robot-assisted board
game (RABG) for cognitive training in community-dwelling older adults based on the decomposed theory of planned behavior (DTPB).

Methods: In this explanatory study, we developed an RABG with six educational modules. The experiences of 126 older
adults recruited from northern Taiwan who completed the program were assessed using a DTPB-based questionnaire.
Partial least-squares structural equation modeling was used to examine the correlations.

Results: The results demonstrate the DTPB’s sufficient fitness and 79.9% explanatory power for the continuous usage inten-
tion of the RABG, confirming the effectiveness of the proposed structural model. Perceived usefulness positively affected atti-
tude and continuous usage intention, indicating that perceived usefulness is critical in promoting older adults’ continuous
usage intention. The interpersonal influence was a major antecedent of subjective norms. Self-efficacy affects perceived
behavioral control. Attitudes and perceived behavioral control affected users’ intentions to use the RABG.

Conclusions: Our findings support the applicability of the DTPB in evaluating RABGs for cognitive training in older adults,
suggesting its potential integration in future interventions.
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Introduction

The World Health Organization estimates that by 2050, the
number of people over 65 will exceed 1.5 billion, accounting
for 16% of the global population.' Aging problems include a
decline in body tissue and function, deterioration of cognitive
function, and changes in brain executive abilities.
Enhancing cognitive reserves contributes to the regulation or
amelioration of brain changes and damage.* Recently, cognitive
function and age-related dementia have gradually become
crucial practical and academic problems. Approximately 50
million individuals worldwide have been affected by degenera-
tive brain diseases, and this number is expected to increase dra-
matically to more than 150 million by 2050.° The Lancet
Committee suggests that a series of policy initiatives can be
implemented to reduce considerably or delay brain degener-
ation, among which increasing social and cognitive activities
for high-risk groups is an effective option.®

Increased cognitive activity may stimulate the cognitive
reserve and act as a buffer against rapid cognitive decline.’
Cognitive training involves a series of activities designed to
stimulate older adults’ memories, enhance their understanding
of people and things, and improve their sense of orientation
through guided exercise.® Previous research has demonstrated
the benefits of cognitive-based interventions even for older
adults with mild cognitive impairment stages.” Chiu et al. con-
ducted a meta-analysis and found that for healthy older adults,
cognitive training moderately influenced overall cognitive and
executive functions but had minor effects on memory, atten-
tion, and visual-spatial abilities.'” According to Butler et al.,
cognitive stimulation or training improves older adults’ cogni-
tive abilities before their cognitive function degenerates.
However, no significant changes were observed in the patients
who had already experienced cognitive deterioration.''
Additionally, research has shown that the prevalence of demen-
tia and the rate of functional dependence are higher among
older adults residing in long-term care facilities, with cognitive
decline worsening the longer they remain institutionalized."?
Therefore, older adults should initiate cognitive activities as
early as possible to delay cognitive decline.

Technology-based interventions for cognitive training

Following the evolution of technology and the development of
artificial intelligence (Al), applying new technology products
to prevent cognitive decline is an innovative strategy.

Numerous studies have demonstrated the positive effects and
potential of technology-based cognitive training interventions
for older adults. Interventions such as computerized cognitive
training, virtual reality interventions, and robot-assisted inter-
ventions have been employed to improve cognitive function-
ing."® Recent technological advances have increased the
interest in interactive robots to provide healthcare for older
adults,'* highli ghting the need for exploratory studies to under-
stand the feasibility and acceptance of such robot-assisted care
among older populations.

Acceptability is a critical factor in the successful adop-
tion of technology among older adults; a previous study
confirmed that older adults consider information and com-
munication technology platforms acceptable, engaging,
and valuable; however, the digital gap should first be
bridged for effective implementation.'> Moreover, a sys-
tematic review indicated that past studies have shown that
robotic-assisted technologies positively affect the health
problems of older adults'® and encourage social engage-
ment among them."”

Owing to the increase in the older adult population, there
has been a growing emphasis on the design of applied tech-
nologies for the prevention and treatment of cognitive
impairment in older adults.'"® The Robot-assisted Board
Game (RABG), developed in this study, incorporated cog-
nitive training into an interactive, gamified format. Board
games facilitate interpersonal interactions and socialization,
enabling older adults to maintain brain function and
enhance social participation.'” A meta-analysis indicated
that board games can improve cognitive impairment and
depression in older adults.® Other studies have pointed
out that games can improve cognitive function and
provide collaborative opportunities for individuals with
dementia to interact with others by talking, assisting,
encouraging, and inspiring each other and generating a
sense of achievement during the game.?'** By integrating
robotics into these activities, the RABG program offers
older adults an innovative tool for cognitive training, tai-
lored to their needs and preferences.

To assess the overall acceptability of the RABG, we uti-
lized the System Usability Scale (SUS), a well-established
instrument recognized for its reliability, simplicity, and cost-
effectiveness.”> The SUS provides a standardized measure
that can be easily applied across different systems and con-
texts, making it a popular choice for usability testing. It is
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known for its strong reliability (a=0.70-0.91) and validity,
with a threshold score of 70 indicating acceptable usability.**
This usability foundation aligns with the theoretical con-
structs of the decomposed theory of planned behavior
(DTPB), which provides a robust framework for examining
technology adoption.

Theoretical framework: DTPB

The theory of planned behavior (TPB) proposes that behav-
ior is predicted by behavioral intention that is influenced by
attitude, subjective norms, and perceived behavioral
control.>> Ajzen (1991) indicated that constructs such as
attitude, subjective norms, and perceived behavioral
control are one-sided. Therefore, they may cause positive
and negative beliefs on the same side to cancel each other
out and affect the final results.>® Taylor and Todd (1995)
developed the DTPB by incorporating the TPB and the
technology acceptance model (TAM).?” Key definitions
related to these theoretical constructs are provided in the
glossary table in Appendix 1. The DTPB enables flexibility
in discussing antecedents in diverse research scenarios,
such as predicting students’ acceptance and continued
intention to use immersive virtual reality to learn about
illicit drug prevention®® and predicting the continuous
usage intention of information technology (IT) products.’
Continuous usage intention refers to an individual’s ten-
dency to keep using a tool or system in the future.*®

Subjective norms refer to the social pressure to perform
or not perform a target behavior, such as the influence of
significant others.”® These norms are critical during the
early stages of innovation implementation®’ and relate to
intention because people habitually act based on what
others think they should do. Davis showed that attitudes
can effectively predict behavioral intention in TAM.?!
Attitude can directly or indirectly influence the performance
of a particular behavior. In addition, attitude refers to the
degree to which a person actively or passively values tech-
nology. Therefore, DTPB is useful for investigating the
influencing pathway of continuous usage intention related
to technology-assisted learning. This study is the first to
investigate the user experience of an RABG program for
the cognitive training of older adults and examine the con-
structs associated with continuous usage intention in terms
of the DTPB model. Perceived usefulness refers to the
degree to which a person believes using a specific system
improves their performance.*” Regarding the use of emer-
ging technologies, studies have found that perceived ease
of use is not sigrliﬁcant,33 although some studies have
shown that perceived usefulness and ease of use impact atti-
tudes considerably.** Self-efficacy refers to an individual’s
confidence in their ability to use a given skill to accomplish
an assigned task. Based on the framework of the DTPB, we
propose hypotheses to explain older adults’ intention to use
continuously robot-assisted board games.

Materials and methods

Design of the RABG program

We designed an RABG program for cognitive training of
older adults. The RABG program included six aspects
based on the Mini-Mental State Examination (MMSE),*
namely, (1) orientation ability, (2) attention and calculation
ability, (3) short-term memory (recall), (4) language skills
(naming, repeating a phrase or sentence, and verbal and
written commands), (5) comprehension skills (ability to
understand and follow instructions), and (6) visuospatial
abilities (visual and spatial relationships between objects),
as the basis for developing board game contents, as
shown in Table 1. This six-unit board game program lasts
approximately 1 h per unit, with participants engaging in
three 1-h sessions per week over 2 weeks.

The program integrates robotic technology to comple-
ment the traditional board game format. The robot hosts a
question bank of 320 cognitive training questions, categor-
ized to train the six targeted abilities progressively. During
gameplay, participants roll dice to navigate the board, and
the robot interacts by reading questions aloud, providing
real-time feedback, and recording responses. Correct
answers are praised, while incorrect responses receive
encouragement, fostering a supportive and engaging envir-
onment. Each group was supported by a research team
member who acted as a facilitator, primarily responsible
for explaining the game rules and ensuring smooth progress
and order. The research team’s specific duties included
setting up equipment, providing training on game opera-
tions, guiding participants through quick response code
scanning, adjusting the robot’s angle for optimal inter-
action, and assisting participants in engaging effectively
with the robot. The participants play board games with sim-
ultaneous cognitive training. The robot enhances participant
engagement through human-like interactions, such as cele-
bratory gestures or expressions of disappointment. This
interactive dynamic complements the board game’s phys-
ical, strategic elements, such as chance/fate cards, introdu-
cing variability and excitement. The robot’s question-based
interactions synchronize with board progression, creating a
seamless link between digital and physical components.

This board game is designed for both single and group
players. The game activities consider the age of the partici-
pants, integrate Taiwan’s distinctive culture and character-
istics, and leverage robot-assisted artificial intelligence to
provide instantaneous feedback, entertainment, and an
enhanced sense of presence through sound and screen
images. This approach aims to motivate users to continue
advancing and facing challenges. Figure 1 shows partici-
pants using the RABG system, highlighting how the robot
facilitates questions and complements board navigation
during training, with a sample of the program interface pro-
vided in Appendix 2.
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Table 1. Designated robot-assisted board game (RABG) program.

1 Orientation ability To train in judgment of time, place, and space

To practice concentration and numerical
calculation ability

2 Attention and calculation
ability

3 Short-term memory To strengthen short-term memory through image

and contextual training

4 Language skills To enhance oral expression

To enhance oral comprehension and ability to
follow instructions

5 Comprehension skills

6 Visuospatial abilities To enhance spatial logic concepts and pattern

construction skills

1-1. Reality orientation: Year, month, day
1-2. Location: County/district, scenic spots,
famous products
1-3. Living environment: Location and furniture in
the house
1-4. Hospital: Department, treatment content,
floor
1-5. Clothing: Color, style
1-6. Transportation: Wheel and door recognition

2-1. Reality orientation: Year, month, day
2-2. Location: County/district, scenic spots,
famous products, map
2-3. Hospital: Floor guide, department, medical
report
2-4. Living area: Convenient stores, supermarkets,
food markets
2-5. Recreational areas: Parks, farms, parks
2-6. ltem differentiation: Classification, color,
number

3-1. Date: Clock, calendar, location
3-2. Menu: Menu content, set menu
combinations, meal prices
3-3. Life: Living landmark
3-4. Travelog: Food, attractions, souvenirs
3-5. Purchase and cook: Fruits and vegetables,
daily consumption, cooking
3-6. Receipt redemption

4-1. Life-related: Food, fruits, items
4-2. Etymology: Place, occupation, animal
4-3. Fill in questions: Verbs, quantifiers, opposites
4-4. Reading: Vocabulary explanations,
conjunctions, idioms
4-5. Sentence patterns: Vocabulary, narrative,
idioms
4-6. Proverbs: Tongue twisters, hiatuses, riddles

5-1. Home: Kitchen, living room, bathroom, dining
table, sink
5-2. Purchasing: Buying vegetables, meat, fruits
5-3. Daily life: See a doctor, sort medications,
exercise
5-4. Leisure activities: Flower picking, insect
catching, hooping
5-5. Language: Fill in the blank, proverb
reorganization, unscramble
5-6. Others: Shape, color

6-1. Placement of household items
6-2. Judgment of match movement
6-3. Combinatorial reasoning of six-sided carton
6-4. Solving jigsaw puzzles
6-5. Reflections on connecting pipes
6-6. Shifting car game




Huang et al.

Contents of the RABG: six game board maps,
instruction manual, cards, tokens, dice, and a robot

X))

scan its QR code with the robot

Draw a question card at the spot, The robot gives positive feedback
with actions, sounds, and visuals

Take turns rolling the dice and move the
corresponding number of steps on the game map

N

\

Older adults collaborate to complete tasks, promoting
cognitive training and social interaction skills

Figure 1. The example photos of older adults interacting with the robot-assisted board game.

Participants and recruitment

This study used purposive sampling. One hundred and thirty
adults aged 65 years or older were enrolled in this program at
six community sites in northern Taiwan. The inclusion cri-
teria were for older adults: (1) aged 65 years or older, (2)
no visual or hearing impairments, (3) willing to participate
in the study, (4) able to perform the RABG as instructed,
and (5) willing to cooperate with the RABG content and
complete the questionnaire. Due to incomplete responses
from four participants, the final effective sample included
126 completed questionnaires. There were no specific exclu-
sion criteria. The research team contacted northern Taiwan
community centers in a medium-sized city (population of
362 874 as of March 2024) and explained the purpose of
the study. After obtaining consent from the director of the
community site, we posted a recruitment poster and arranged
an orientation to explain the program’s content. Older adults
willing to participate in the RABG program were invited to
complete an informed consent form to enable participation.

Measurements

Applicability evaluation of DTPB. The questionnaire con-
tained demographic variables and 12 variables based on
the DTPB, as shown in Appendix 3. The demographic

variables included sex, age, education level, previous
experience, and satisfaction with technological products
and interactive robots. The 12 variables included attitudes,
subjective norms, perceived behavioral control, continuous
usage intention, perceived ease of use, usefulness, enjoy-
ment, compatibility, interpersonal influence, self-efficacy,
resource-facilitating, and technology-facilitating condi-
tions. There were 1-6 items for each of the 12 variables
(36 items in total). Furthermore, these items were modified
from the DTPB questionnaire used in a previous study.?®
Content validity, reviewed by six professionals, was used
to justify the validity of the questionnaire.

A sample item for continuous usage intention was, “I am
willing to use the RABG in the future to stimulate cognition.”
The DTPB questionnaire used a five-point Likert scale
(strongly disagree to strongly agree) to assess the correlates
that influenced continuous usage intentions, including atti-
tudes, subjective norms, and perceived behavioral control.
The higher the score, the more positive the older adults’ atti-
tudes, subjective norms, and perceived control toward
playing board games to prevent dementia. Moreover, the
antecedents of attitudes, subjective norms, and perceived
behavioral control were assessed. Higher scores for these
antecedents indicate more positive beliefs related to attitudes,
social norms, and perceived behavioral control.
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Acceptability evaluation of RABG. This study utilized the SUS
to assess the usability and acceptability of the RABG system.
Developed by Brooke (1986), the SUS is a validated tool
known for its reliability, simplicity, and adaptability across
diverse systems.”> It comprises 10 items, eight addressing
usability and two evaluating learnability, rated on a five-point
Likert scale (strongly disagree to strongly agree). For example,
a sample item for usability was, “I think that I would like to use
this RABG system frequently,” while a sample item for learn-
ability was, “I needed to learn a lot of things before I could get
going with this RABG system.” The SUS has increased reli-
ability (¢=0.70-0.91) and validity, with a threshold score of
70 denoting acceptable usability.*

Statistical analysis

The participants’ demographic data were analyzed using
SPSS (version 23.0) and presented as counts and percen-
tages. Partial least-squares structural equation modeling
(PLS-SEM) was used in conjunction with SmartPLS
(version 3.0) to examine the proposed hypotheses.
PLS-SEM is more suitable than covariance-based structural
equation modeling for studies with small sample sizes. In
addition, PLS-SEM is appropriate for testing a theoretical
framework from a prediction perspective. The minimum
sample size recommended for the PLS-SEM analyses was
10 times the maximum number of structural paths in the
model for a specific latent variable.>’ The sample size in
this study was sufficiently large to meet these conditions.

The hypothesis paths (as illustrated in Figure 2) exam-
ined in this study include:

Hypothesis 1 (H1): Attitudes influence continuous usage
intention.

Hypothesis 2 (H2): Subjective norms influence continuous
usage intention.

Hypothesis 3 (H3): Perceived behavioral control influences
continuous usage intention.

Hypothesis 4 (H4): Perceived ease of use influences attitudes.
Hypothesis 5 (HS): Perceived usefulness influences attitudes.
Hypothesis 6 (H6): Perceived enjoyment influences attitudes.
Hypothesis 7 (H7): Perceived compatibility influences
attitudes.

Hypothesis 8 (H8): Interpersonal influence influences sub-
jective norms.

Hypothesis 9 (H9): Self-efficacy influences perceived behav-
ioral control.

Hypothesis 10 (H10): Resource-facilitating conditions influ-
ence perceived behavioral control.

Hypothesis 11 (H11): Technology-facilitating conditions
influence perceived behavioral control.

PLS-SEM analyses were conducted in two stages.”® The
first stage examined the reliability and validity of all the

constructs of the proposed model. It is critical to confirm
that the convergent and discriminative validities of the
latent variables met the standards. The convergent validity
can be justified by the item’s loading, Cronbach’s o, compos-
ite reliability (CR), and average variance extracted (AVE).
The threshold of each item’s loading and Cronbach’s a of a
measurement scale equal to or greater than 0.70 is considered
reliable.*® CR refers to the internal consistency of variables;
the CR values must be higher than 0.70.>* AVE represents
the explained variation between the latent and measured vari-
ables. Therefore, the higher the AVE value, the higher the
variance explained by the measured variable. The AVE
values were recommended to be greater than 0.50.%°

To establish discriminant validity, we examined the
Fornell-Larcker criteria and heterotrait-monotrait (HTMT)
ratios. The Fornell-Larcker criterion indicates that the
square root of the AVE for each variable should exceed
the correlation of the latent variables.*® HTMT values less
than 0.90 verify discriminant validity.*’

In the second stage, the structural model was assessed. Path
coefficients were calculated using estimates to represent the
hypothesized relationships between the constructs.’’ The stan-
dardized root-mean-square residual (SRMR) was used to
examine the fit of the model. A smaller SRMR indicates a
better model fit, and an SRMR value <0.08 is considered an
acceptable indicator of model fit*' R* (determination square)
was used to examine the explained proportion of variance.
An R? value of 0.75, 0.50, and 0.25 indicates substantial, mod-
erate, and weak levels of predictive accuracy, respectively.*®

Ethical considerations

This study was approved by the Research Ethics Review
Committee of the National Taiwan University Hospital,
Taiwan, No. 202111022RINA (4 January 2022). All parti-
cipants were fully informed and provided their written
informed consent before the interviews began.

Results

Participants’ characteristics and responses

One hundred twenty-six older adults completed the survey.
The mean age of the participants was 73.2 years (ages
ranged from 65 to 94 years). Among these, 78.57% were
female; the proportion of participants with high school edu-
cation was the highest (46.03%). As shown in Table 2,
93.65% of the participants had prior experience using
technological products. However, only 8.73% of the parti-
cipants had prior experience using interactive robots;
91.53% were satisfied with the use of technology products.

Acceptability of RABG assessment

The SUS score for the RABG system was 87.50, exceeding
the standard threshold for usability and placing the system in
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Figure 2. The hypotheses of the proposed model.

the “excellent” range compared with other systems evalu-
ated in similar contexts.”* This result demonstrates the
system’s ease of use and practical design, which align with
older adults’ cognitive abilities and interaction preferences.

Measurement model assessment

As shown in Table 3, there were no significant differences in
the 12 variables when grouped by sex, age, education level,
or experience with interactive robots. The descriptive results
of the 12 variables of the DTPB are presented in Table 4. The
mean scores of the 12 variables were based on a five-point
Likert-type scale and were in the range of 4.16—4.43, indicat-
ing that participants’ evaluation of the RABG was generally
favorable. While playing the RABG, the participants
reported that their experience was interesting, the game
was easy to execute, and they indicated that the robot was
cute and increased the entertainment value of the game.
Table 5 shows that the results of the factor loadings (in
the range 0.865-1.000), Cronbach’s a (ranging from
0.898 to 1.000), CR (ranging from 0.937 to 1.000), and

AVE (ranging from 0.832 to 1.000) satisfied the recom-
mended criteria, indicating the adequacy of the proposed
measurement model. As shown in Table 6, the aforemen-
tioned criteria were met, suggesting that discriminant valid-
ity was established.

Structural model assessment

Figure 3 presents the PLS-SEM results for the proposed
model. The SRMR value was 0.077, which is less than
0.08, indicating that the model fit was satisfactory. The
SEM software suggested the addition of two additional
paths—from perceived usefulness to continuous usage
intention (H12), and from interpersonal influence to con-
tinuous usage intention (H13)—to improve the model’s fit.

Perceived ease of use, usefulness, enjoyment, and com-
patibility explained 49.5% of the variance in the attitudes of
older adults participating in the RABG, highlighting that
positive attitudes are shaped by how useful, engaging,
and easy to use the RABG is perceived to be. Attitudes
mediate between perceived usefulness and continuous
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Table 2. Demographic results of study participants (N =126).

Sex

Male 27 21.43
Female 99 78.57
Age

65-74 years 84 66.67
75-85 years 38 30.16
85-94 years [ 3.17
Education level

Uneducated 3 2.38
Primary school 14 11.11
Middle school 11 8.73
High school 58 46.03
Universities 37 29.37
Graduate institute 3 2.38

Any previous experience with technology products
Yes 118 93.65
No 8 6.35

Any previous experience with interactive robots

Yes 11 8.73
No 115 91.27
Past satisfaction with technology products

Extremely satisfied 23 19.49
Very satisfied 32 27.12
Satisfied 53 44.92
Dissatisfied 9 7.63
Very dissatisfied 1 0.85

usage intention, suggesting that if participants perceive the
program as beneficial, they are more likely to form positive
attitudes, reinforcing their intention to continue using the

RABG. Additionally, self-efficacy indirectly affects continu-
ous usage intention through perceived behavioral control,
indicating that the confidence of participants in their ability
to use the program influences their sense of control, impacting
their intent to engage with the RABG over time.

Interpersonal influence explained 46.0% of the variance
in subjective norms. This result underscores the importance
of interpersonal support, as encouragement from significant
others can strengthen continuous usage intention by estab-
lishing a supportive social environment. Self-efficacy,
resource- and technology-facilitating conditions explained
52.0% of the variance in perceived behavioral control,
meaning that access to adequate resources and ease of inter-
action with the technology help older adults feel capable
and in control of using the RABG.

Attitudes, subjective norms, and perceived behavioral
control had the most significant explanatory power, with
79.9% of the variance in continuous usage intention. A
value of 79.9% was more significant than 75%, indicating
a substantial level of predictive accuracy.’®

Table 7 reveals each hypothesis’s path coefficient and the
corresponsive 7- and P values regarding path analyses. More
than half of the hypotheses are supported. The supported
hypotheses (H1: path coefficient=0.159, r=2.038, P=
0.042, H3: path coefficient=0.309, r=3.515, P<0.001,
H12: path coefficient=0.275, r=2.492, P=0.013, and
H13: path coefficient =0.253, r=2.675, P =0.007) proposed
that attitudes, perceived behavioral control, perceived useful-
ness, and interpersonal influence were major antecedents of
continuous usage intention. Perceived usefulness was a sig-
nificant antecedent of attitude (HS: path coefficient =0.469,
t=2.608, P=0.009). Interpersonal influence significantly
influenced subjective norms (H8: path coefficient=0.682, ¢
=11.694, P<0.001). Self-efficacy significantly influenced
perceived behavioral control (H9: path coefficient=0.532,
1=4.582, P<0.001).

Discussion

Acceptance and influencing factors of RABG in older
adults

This study aimed to determine the constructs that influenced
the acceptance of RABG among older adults. The partici-
pants reported high scores for the measured constructs of
the DTPB associated with RABG, validating the program’s
acceptance. According to the results of the PLS-SEM struc-
tural model, our findings support the suitability of the DTPB
as a framework for evaluating the RABG program for older
adults based on the SRMR (0.077<0.08) and R’ values
(79.9% >75%). In the future, the development of robot-
assisted digital cognitive training could incorporate enhance-
ments to key DTPB variables, such as attitudes, perceived
behavioral control, interpersonal influence, and perceived
usefulness. By designing specific content and activities that
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Table &. Descriptive results of the 12 variables of the DTPB.

Attitudes (three items) 4.42
Subject norms (three items) 4.32
Perceived behavioral control (three items) 4.25
Continuous usage intention (three items) 4.33
Perceived ease of use (four items) 4.27
Perceived usefulness (six items) 4.38
Perceived enjoyment (three items) 4.35
Perceived compatibility (one item) 4.15
Interpersonal influence (three items) 4.28
Self-efficacy (three items) 4.36
Resource-facilitating conditions (two items) 4.35
Technology-facilitating conditions (two items) 4.38

target these factors, the acceptance of the technology among
older adults can be improved considerably.

Our program’s continuous usage intention was directly
influenced by three measures: attitudes, perceived behav-
ioral control, and perceived usefulness. Attitudes and per-
ceived behavioral control influenced considerably older
adults’ continuous usage intentions, a finding that is con-
sistent with the theoretical assumptions. This aligns with
a survey by Sundar and Kanimozhi, who applied the
DTPB model to examine the intention to use 4G mobile ser-
vices.*” The RABG interface was based on the classic
Monopoly board game, a familiar format for this generation
of older adults, which enhances its appeal and creates a
sense of familiarity. This design choice positively impacts
attitudes by resonating with the participants’ experiences
and cultural context, making the game more approachable.
In terms of perceived behavioral control, the robot’s cute
appearance and simple, touch-based interactions allow
older adults to feel more in control of the technology,
helping to bridge the digital gap. However, subjective
norms did not significantly influence continuous usage
intentions. This may be because older participants already
had positive subjective norms toward RABG. Thus, a con-
sistent positive subjective norm and lack of variance do not
significantly influence continuous usage intention.*> The
results indicate that attitudes significantly influenced the
continuous usage intention of older adults to participate in
RABG, which is consistent with the findings of a previous

0.54 3-5
0.58 3-5
0.58 3-5
0.52 3-5
0.56 3-5
0.51 3-5
0.52 3-5
0.70 3-5
0.58 3-5
0.49 3-5
0.55 3-5
0.51 3-5

study.”® Additionally, we found that participants’ attitudes
and perceived behavioral control significantly influenced
their continuous usage intention.** We also found that per-
ceived usefulness directly affected behavioral intention,
indicating that RABG is helpful for older adults. The sig-
nificant constructs do not necessarily need to be influenced
by attitude variables to influence continuous usage inten-
tions. The participant’s acceptance of unfamiliar technolo-
gies and devices was influenced by perceived usefulness,
as supported by a previous study.*’

Consistent with a previous study, perceived usefulness
was significantly associated with attitudes.*® The under-
lying reason indicates that IT products can assist older
adults in determining whether they are useful to their
lives or individuals, thereby influencing users’ attitudes.
For example, a meta-analysis revealed that older adults
are the most willing to use familiar technologies. In con-
trast, older adults may be late adopters of novel technology
products and hesitate to adopt them if their benefits are
unclear.*’ The RABG program, designed with a sufficient
number of reusable questions, supports the need for consist-
ent cognitive training, which enhances its value, especially
for institutionalized older adults who may lack cognitive
training. This design feature makes the RABG a promising
tool that could encourage broader adoption by care institu-
tions. In a previous study, participants perceived usefulness
as influential in forming an attitude, and continuous usage
intention was significantly influenced by attitude and
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Table 5. Convergent validity of the proposed measurement model.

Attitudes (At) 0.956 0.972 0.920
At1 0.949
At 2 0.970
At 3 0.958
Subject norms (SN) 0.936 0.959 0.887
SN 1 0.929
SN 2 0.960
SN 3 0.937
Perceived behavioral control (PBC) 0.922 0.951 0.865
PBC 1 0.928
PBC 2 0.960
PBC 3 0.901
Continuous usage intention (CUI) 0.898 0.937 0.832
CUl'1 0.865
Cul 2 0.983
CuUl 3 0.937
Perceived ease of use (PEU) 0.950 0.964 0.872
PEU 1 0.917
PEU 2 0.972
PEU 3 0.974
PEU &4 0.868
Perceived usefulness (PU) 0.975 0.980 0.890
PU 1 0.903
PU 2 0.958
PU 3 0.950
PU & 0.957

(continued)
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Table 5. Continued.

PU 5 0.947
PU 6 0.944
Perceived enjoyment (PE)

PE 1 0.945
PE 2 0.974
PE 3 0.956
Perceived compatibility (PC) 1.000
Interpersonal influence (I1)

I 0.946
II2 0.966
I3 0.960
Self-efficacy (SE)

SE1 0.925
SE 2 0.964
SE 3 0.962
Resource-facilitating conditions (RFC)

RFC 1 0.979
RFC 2 0.979
Technology-facilitating conditions (TFC)

TFC 1 0.978
TFC 2 0.978

perceived usefulness.*® Thus, perceived usefulness emerges
as a critical construct that directly and indirectly influences
participants’ continuous usage intentions.

However, consistent with a previous study,?® perceived
ease of use and enjoyment did not significantly influence
attitudes. A possible explanation is that the RABG still
requires staff to assist older adults during the playing
process. It is not an easy game for older adults to operate
and use. The primary purpose of our RABG program was
to train older adults’ cognitive abilities in preventing

0.955 0.971 0.918
1.000 1.000 1.000
0.955 0.971 0.917
0.946 0.966 0.903
0.957 0.979 0.958
0.955 0.978 0.957

dementia. Compared with other entertainment games, it is
highly likely that they will be less attractive. Since 90%
of the participants did not have prior experience with inter-
active robots, it is reasonable to conclude that the RABG is
incompatible with participants’ usage experience. Thus, our
structural model does not support H4, H6, or H7. Chen and
Janicki found that older adults have a pleasant user experi-
ence when playing cognitive augmented reality board
games with reminiscence elements.** Applying technology
and reminiscence elements in Al board games can increase
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Table 6. Results of the Fornell-Larcker criterion and HTMT ratio of correlations.
Variables 1 2 3. 4. 5. 6. 7. 8. 9. 10. 11. 12.
Fornell-Larcker criterion®
1. Attitudes 0.959
2. Subjective norms 0.719  0.942
3. Perceived behavioral control 0.513 0.651  0.930
4. Continuous usage intention 0.710 0.712  0.769 0.912
5. Perceived ease of use 0.546 0.542  0.702 0.773 0.934
6. Perceived usefulness 0.702 0.658  0.693 0.822 0.730 0.943
7. Perceived enjoyment 0.665 0.611  0.645 0.769 0.664 0.878 0.958
8. Perceived compatibility 0.480 0.538 0.639 0.659 0.651 0.694 0.756 1.000
9. Interpersonal influence 0.672 0.683 0.631 0.794 0.606 0.767 0.769 0.654 0.957
10. Self-efficacy 0.702 0.6677 0.721 0.831 0.737 0.880 0.860 0.698 0.787 0.950
11. Resource-facilitating conditions 0.600 0.592 0.638 0.669 0.548 0.790 0.784 0.635 0.730 0.809 0.979
12. Technology-facilitating conditions 0.607 0.583 0.671 0.732 0.633 0.829 0.838 0.698 0.743 0.852 0.897 0.978
HTMT ratio of correlations®
1. Attitudes
2. Subjective norms 0.664
3. Perceived behavioral control 0.277 0.498
4. Continuous usage intention 0.628 0.606  0.708
5. Perceived ease of use 0.313 0.280  0.556 0.699
6. Perceived usefulness 0.578 0.490 0.543 0.788 0.590
7. Perceived enjoyment 0.524 0.412  0.453 0.690 0.469 0.845
8. Perceived compatibility 0.261 0.333  0.481 0.521 0.484 0.553 0.661
9. Interpersonal influence 0.541 0.525 0.433 0.750 0.368 0.662 0.674 0.498
10. Self-efficacy 0.583 0.522  0.585 0.812 0.596 0.859 0.828 0.564 0.703
11. Resource-facilitating conditions 0.429 0.400  0.465 0.521 0.288 0.707 0.704 0.474 0.615 0.749
12. Technology-facilitating conditions  0.430 0.369 0.508 0.625 0.419 0.764 0.790 0.570 0.630 0.817 0.899

#According to this criterion, the square root of the AVE by a construct must be greater than the correlation between the construct and any other construct.
PThe acceptable level of discriminant validity is suggested to be less than 0.90.
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Figure 3. The overall structure of the proposed model.

older adults’ game participation. Our RABG may add rem-
iniscence elements to increase the entertainment value of
the game for the participants as a reference for the next
revision.

Role of subjective norms and interpersonal influence

Our findings also showed that interpersonal influence was
significantly associated with subjective norms. However,
subjective norms did not significantly influence older
adults’ continuous usage intentions, which differs from
the results of a previous study.?® Interpersonal influences

significantly influenced continuous usage intentions rather
than subjective norms, indicating that the significant
others of older adults influenced their continuous usage
intentions without subjective norms. This may be because
the characteristic of the RABG allows family members
and friends to play together simultaneously; hence, inter-
personal influences can directly influence continuous
usage intention. In a previous study that applied single-
player antidrug three-dimensional virtual reality, users
were significantly influenced by significant others.
Significant others’ antidrug expectations from parents and
teachers increased the participants’ willingness to use the
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Table 7. Results for the 13 hypotheses tests.
H1 Attitudes— Continuous usage intention 0.159 2.038 0.042*
H2 Subjective norms— Continuous usage intention 0.042 0.526 0.599
H3 Perceived behavioral control— Continuous usage intention 0.309 3.515 <0.001***
Hu Perceived ease of use— Attitudes 0.095 0.869 0.385
H5 Perceived usefulness— Attitudes 0.469 2.608 0.009*
Hé6 Perceived enjoyment— Attitudes 0.283 1.663 0.096
H7 Perceived compatibility— Attitudes —0.121 1.028 0.304
H8 Interpersonal influence— Subjective norms 0.682 11.69% <0.001***
H9 Self-efficacy— Perceived behavioral control 0.532 4.582 <0.001***
H10 Resource-facilitating conditions— Perceived behavioral control 0.063 0.382 0.702
H11 Technology-facilitating conditions— Perceived behavioral control 0.161 0.944 0.345
H12 Perceived usefulness— Continuous usage intention 0.275 2.492 0.013*
H13 Interpersonal influence— Continuous usage intention 0.253 2.675 0.007*

Note: *P<0.05; **P<0.005; ***P<0.001; the statistical significance level was <0.05 for the bold values. The significant path coefficients supported the seven

hypotheses.

VR.?® Because of the diverse nature of serious games and
single- and multiplayer gameplay, it is reasonable to
assume that the predictive ability of subjective norms
varied across studies. Although significant others influ-
enced older adults’ subjective norms, subjective norms
did not influence their continuous usage intentions.
Additionally, although sessions were conducted in a
group format, the RABG program was designed to
support both individual and group play, catering to the
diverse learning preferences of older adults in institutional
settings. This flexible design enhances the program’s adapt-
ability and potential for broader application.

Self-efficacy and perceived behavioral control

The findings suggest that self-efficacy significantly influ-
ences perceived behavioral control, indicating that the con-
fidence level of older adults significantly influences their
ability to execute digital tasks in the RABG. This result is
consistent with a study that used DTPB to examine tea-
chers’ intentions (kindergarten to 12 grade) to implement
science, technology, engineering, and mathematics (STEM)
education.”® However, resource- and technology-
facilitating conditions do not significantly influence

perceived behavioral control. As mentioned earlier, this
RABG provides ready-made game tools and resources,
and the research staff plays the role of game instructors. It
can guide participants to engage in a board game without
assistance from the robots. Therefore, it is not surprising
that the two constructs were insignificant. Furthermore,
the results revealed that perceived behavioral control sig-
nificantly influenced continuous usage intention, indicating
that the greater the mastery and operational ability of the
participants, the greater their continuous usage intention,
consistent with the findings of a previous study.”'

Implications

This study demonstrated unique innovations that are in line
with the trends of the Al era. Our findings extend the DTPB
by investigating the acceptability of RABG programs
among older, community-dwelling adults. DTPB could be
a critical element for dementia prevention in older adults,
contributing to the decrease in the disease burden on the
healthcare system and caregivers. Our study indicates that
integrating board games with interactive robots is feasible
for older adults, a finding supported by previous
studies.’>>® We suggest the program could be a critical
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element of cognitive training adopted by older adults. The
advantage of the RABG program is that it was designed
based on the concepts of gamification and the MMSE.
Health games use design elements and mechanics to
assist participants in solving personal health problems.
This approach can enable people to improve their health
while enjoying the fun of playing games and achieving
health promotion and disease prevention goals.

Limitations

This study is associated with limitations that should be con-
sidered when interpreting the findings. First, the research
staff had to assist most participants in using the RABG
program, as they were first-time users. Although prior
experience with IT products, especially interactive robots,
could have been a confounding factor, only a small propor-
tion of participants had previously interacted with robots.
This limited exposure enhanced the credibility of our
results by minimizing the influence of robot familiarity on
participants’ acceptance of the RABG program. However,
we cannot entirely rule out that general IT experience
may have contributed to the positive acceptability results.
Second, we only recruited participants from a medium-
sized city, which limits the generalizability of the findings.
Third, not all paths are significant, thus limiting the gener-
alizability of the causal explanations of the structural model
across different contexts. Nevertheless, the PLS-SEM
approach provides valuable insights into the significance
of the hypothesized relationships derived from the under-
lying theory. As suggested by professionals, data usability,
which refers to the capacity of data to fulfill the require-
ments for a specific use situation, should receive adequate
attention. Although our findings may not yield perfect
causal explanations, they provide valuable insights into pro-
grams that use interactive robots for dementia prevention.

Conclusions

This study demonstrates that the DTPB provides a suitable
framework for acceptance of an RABG among
community-dwelling older adults. Our findings indicate
that attitudes, perceived behavioral control, interpersonal
influence, and perceived usefulness significantly influence
older adults’ intention to continue using the program. The
findings also provide insights into programs designed for
older adults, including the designs of games and efforts
expended to enable older adults to perceive the usefulness
of the game. Interpersonal influence affected subjective
norms and continued usage intentions, suggesting that
involving significant others in gameplay could further
enhance engagement and intention to use. This study also
highlights the value of cognitive training and interpersonal
interaction, as demonstrated through the program’s struc-
ture and user responses. Few studies have examined user

experiences and continuous usage intention for robot-
assisted programs by applying the DTPB among older
adults. Associations between the 12 DTPB variables
hypothesized at the beginning of the study were established.
Future research should expand on these findings by imple-
menting the program across varied institutional settings and
evaluating cognitive function changes to assess long-term
preventive benefits.
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