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Abstract

Objectives: This study aims to investigate whether social networks and physical exercise mediate the relationship between
new and constant use of intelligent virtual assistants (IVAs) and cognitive function in older adults in China and explore the
potential differences across living arrangements and education levels.

Methods: This study utilized nationally representative longitudinal data from 2018 to 2020, including a sample of 8343 older
adults aged 60–80. A path-analytic model was employed to examine the relationship between IVAs use and cognitive
function, as well as the mediating roles of social networks and physical exercise.

Results: Constant and new IVAs use significantly affected cognitive function, mediated by social networks and physical
exercise. For older adults living alone, both types of IVAs use had positive direct and indirect effects. Those living with
children benefited mainly from new IVAs use, with indirect effects through physical exercise. Among less educated older
adults, only new IVAs use showed significant effects through social networks. For those with higher education, both constant
and new IVAs use positively impacted cognitive function directly and indirectly.

Conclusions: The use of IVAs can significantly improve cognitive function in older adults, with social networks and physical
exercise being important mediating pathways. Policy suggestions were provided based on these results.
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Introduction
In recent years, the rapid advancement of information and
communication technologies has significantly transformed
various aspects of daily life, including healthcare.1 The
development and proliferation of digital technologies
have emerged as promising solutions for health promotion
and disease prevention of older adults.2 These technological
innovations, encompassing smart wearable sensing tech-
nologies and smart home digital systems, offer numerous
applications such as remote health monitoring, telemedi-
cine, and digital health interventions, thereby addressing
the unique health challenges faced by the aging popula-
tion.3 Several studies have explored the relationship

between technology use and older adults’ health, highlight-
ing their positive impacts on physical, cognitive, and social
well-being.4,5 For instance, previous research has demon-
strated that smart home devices can improve safety and
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independence,6 while wearable health monitors can facili-
tate better management of chronic conditions.7

Additionally, digital platforms for social interaction can
mitigate feelings of loneliness and social isolation, further
contributing to overall health improvements among older
adults.8

Intelligent virtual assistants (IVAs) are advanced artifi-
cial intelligence-driven systems designed to perform a
wide range of tasks through voice, text, or gesture com-
mands, often integrated with smart home systems.9

Examples include popular platforms like Amazon’s
Alexa, Apple’s Siri, and Google Assistant, as well as
China’s Baidu Xiaodu and Alibaba’s Tmall Genie. IVAs
can perform various functions such as setting reminders,
controlling smart home devices, providing weather
updates, and answering questions.10 Despite their wide-
spread adoption and diverse functionality, research on the
health impacts of IVAs remains relatively limited. IVAs
have the potential to support aging by assisting older
adults in managing their daily health routines, providing
reminders for medication, facilitating communication with
healthcare providers, and offering cognitive exercises.11 A
few empirical studies have started to explore these possibil-
ities. IVAs use has been proved to be associated with lower
depression and loneliness of older adults living alone.12 In a
two-stage Delphi study, the experts agreed with the poten-
tial of IVAs to support older adults and be widely used as
anamnesis, informational, self-therapy, and communication
tools by patients and healthcare professionals.13 A case–
control cohort study demonstrated that the use of IVAs
enhances memory, executive function, and working
memory abilities, inhibiting cognitive decline in older
adults.14

Despite the promising findings, the mechanisms through
which IVAs impact cognitive function remain underexplored.
Existing research has established that social networks and
physical exercise significantly contribute to the cognitive
health of older adults. Social networks have been shown to
enhance cognitive reserve, reduce the risk of dementia, and
improve overall mental health.15 Similarly, regular physical
exercise is associated with better cognitive function,
delayed onset of cognitive decline, and improved brain
health.16 Given these established benefits, it is plausible that
IVAs use could positively influence cognitive function by
promoting social interaction and encouraging physical activ-
ity. IVAs can facilitate communication with family and
friends, provide reminders for social activities, and offer
virtual companionship.17 Additionally, IVAs can support
physical exercise routines by offering reminders, tracking
progress, and providing guided exercise programs.18 Thus,
the potential of IVAs to impact cognitive function through
these pathways warrants comprehensive research to fully
understand their benefits and mechanisms of action.

The potential impact of IVAs use on cognitive function
can be understood through several theoretical lenses. The

technological reserve hypothesis suggests that exposure to
and engagement with technology can build cognitive resili-
ence, relieving feelings of social isolation, and potentially
enhancing cognitive function in later life.19 In this
context, IVAs may serve as a technological tool that contri-
butes to cognitive reserve, strengthening social networks,
and promoting physical exercise, thereby positively influ-
encing cognitive function. According to cognitive plasticity
theory, the brain undergoes structural and functional
changes in response to new challenges or learning new
skills, with these changes being more pronounced in the
short term. However, if the stimuli remain constant, the
neural system gradually adapts, leading to diminished
effects over time.20 As new users navigate the unfamiliar
terrain of IVAs, they may experience more intense cogni-
tive engagement than constant users who have already
adapted to the technology. The uses and gratifications
theory emphasizes that individuals actively choose and
use media to satisfy specific needs, implying that the bene-
fits derived from IVAs use may vary depending on individ-
ual circumstances and capabilities.21 On the one hand,
regarding living arrangements, older adults living alone
often experience a lack of social interaction and face
higher risks of depression and mental health issues.22 For
older adults living apart from their children, there is a
greater reliance on external social tools to meet their
social participation needs. IVAs can serve as a crucial
tool for maintaining and enhancing social connections,
thus potentially yielding stronger cognitive benefits. On
the other hand, regarding education levels, older adults
with lower education levels may face more challenges in
understanding and adapting to new technologies,23

making the cognitive benefits of IVAs use less apparent.
In contrast, older adults with higher education levels have
stronger learning abilities and adaptability to new technolo-
gies.24 They can more quickly grasp and utilize various
functions of IVAs, which may offer more diverse and
complex cognitive engagement opportunities, resulting in
more pronounced cognitive benefits compared with their
counterparts.

Despite growing research on IVAs’ benefits for older
adults, several limitations exist in current literature. Most
studies use cross-sectional data or small-scale interventions,
limiting understanding of long-term effects. Few have
explored potential mediating mechanisms like changes in
social networks and physical activity. The heterogeneity
in IVAs’ effects across subgroups of older adults with
varying living arrangements and education levels remain
underexplored. Additionally, most research focuses on
Western populations, leaving a gap in understanding how
findings apply to other cultural contexts, such as China,
where family dynamics and technological adoption may
differ. This study uses a large-scale, longitudinal dataset
from China to address these gaps through the following
research questions:
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1. What is the longitudinal relationship between constant
and new IVAs use and cognitive function among
older adults in China?

2. Do social networks and physical exercise mediate the
relationship between IVAs use and cognitive function?

3. Do the effects of IVAs use on cognitive function vary
based on living arrangements (not living with children
vs. living with children) and educational levels
(primary education and below vs. those with junior
high education and above)?

Methods

Data and sample

This study utilizes data from the China Longitudinal
Aging Social Survey (CLASS), a nationwide, longitu-
dinal project covering 476 villages across 30 Chinese
provinces. CLASS collects systematic data on the
social and economic backgrounds of individuals aged
60 and above, aiming to understand aging challenges
and assess the effectiveness of related social policies.
The survey, initiated in 2014 with biennial follow-ups,
provides crucial theoretical and empirical foundations
for addressing aging issues in China. Since 2018,
CLASS has included data on smart health aging
product usage among older adults, offering a basis for
formulating rational and effective smart aging policies.
Written informed consent was obtained from all partici-
pants prior to their involvement in the survey.

For the current analysis, we included data from two
waves in 2018 and 2020. Participants aged over 80
were excluded due to two primary reasons. First,
health issues and cognitive decline are more prevalent
in this age group, which could confound the analysis
of smart health aging product usage. Second, older
adults over 80 are generally less likely to adopt smart
products, resulting in very low ownership rates (approxi-
mately 1.65%). These factors could introduce significant
biases and affect the robustness of our findings. Given
the considerable proportion (12.69%) of missingness in
the depressive symptoms covariate, mean imputation
was employed to address these missing values. For
other variables where the extent of missingness was
minimal, we applied listwise deletion, excluding cases
with incomplete data on these variables. Additionally,
1479 participants were lost to follow-up between the
two waves. To evaluate potential attrition bias, we per-
formed a comparative analysis of baseline characteris-
tics between the final analytical sample and
participants lost to follow-up. The results of this analysis
are presented in Table S1 in the Supplementary Material.
Finally, 8343 samples were included in this study.
Figure 1 shows the detailed procedure for the inclusion
and exclusion of the participants.

Measurements

Cognitive function. Cognitive function, including orienta-
tion, memory, and calculation, was assessed using a modi-
fied Chinese version of the Mini-Mental State
Examination.25 Orientation was evaluated with five ques-
tions, asking respondents for details such as the current
date, the name of their village, the date of National Day,
the current president’s name, and the lunar calendar year.
Each correct response earned 1 point, while incorrect
responses scored 0, leading to an orientation score range
from 0 to 5. Memory was tested using immediate and
delayed word recall tasks. Participants were asked to
recall three simple Chinese words right after hearing them
and again after a few minutes. The scores from these
tasks were summed, resulting in a total memory score
range from 0 to 6. Calculation ability was measured by
having respondents count backward from 100 by 7 s,
repeated five times. This task was scored from 0 to 5. The
aggregate of these three components—orientation,
memory, and calculation—provided an overall cognitive
function score ranging from 0 to 16, with higher scores indi-
cating better cognitive performance. The Cronbach’s α
coefficient for the scale in 2020 was .827.

Use of IVAs. The use of IVAs was measured using a dichot-
omous variable derived from the survey question: “Do you
use intelligent virtual assistants (such as Baidu’s Xiaodu or
Xiaomi’s Xiaoai)?” Respondents who answered “yes” were
assigned a value of 1, and those who answered “no” were
assigned a value of 0. Following previous research, we
operationalized it into categorical variables based on
usage patterns over two survey waves.26 The classification
of IVAs use was defined as follows: “nonusers” were parti-
cipants who reported not using IVAs in both the 2018 and
2020 surveys (i.e., answered “no” in both waves), “new
users” were participants who reported not using IVAs in
the 2018 survey but indicated usage in the 2020 survey
(i.e., transitioned from “no” to “yes”), and “constant
users” were participants who reported using IVAs in both
the 2018 and 2020 surveys (i.e., answered “yes” in both
waves).

Social networks. The social networks variable was mea-
sured using data from 2020, employing the Lubben Social
Network Scale.27 This measure consists of two dimensions:
family networks and friend networks, which are combined
to form the overall social networks score. Family networks
were measured by three items: the number of people who
were able to interact monthly, discuss personal issues,
and seek help. Responses (none= 0; one= 1; two= 2;
three to four= 3; five to eight= 5; nine or more= 9) were
summed up into a total score, with higher scores indicating
more robust family networks. Friend networks were mea-
sured similarly to family networks, using the same items
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and response coding. The total social network score was the
sum of the family and friend network scores, reflecting the
overall social connectivity of the respondents. The
Cronbach’s α coefficient for the scale was .858 in this study.

Physical exercise. The physical exercise variable was mea-
sured using data from 2020. Respondents were asked
about the frequency of their participation in physical exer-
cise with the question: “How often do you engage in phys-
ical exercise?” Responses ranged from “less than once a
month” to “seven or more times a week,” scored on a
scale from 1 to 9. Higher scores indicated more frequent
participation in physical exercise. This variable was opera-
tionalized as a continuous variable to reflect the varying
levels of exercise frequency among participants.

Covariates. Referring to previous studies,12,26 we controlled
for three kinds of covariates that could potentially influence
both IVAs use and cognitive function: (1) demographic

characteristics, including gender (female= 0, male= 1),
age (continuous variable of 60–80 years), years of school-
ing (continuous variable of 0–16 years), marital status
(single, divorced, widowed= 0, living with a spouse= 1),
residence patterns (not living with children= 0, living
with children= 1); (2) socioeconomic factors, including
hukou status (rural hukou= 0, urban hukou= 1), employ-
ment status (unemployed= 0, currently working= 1),
pension coverage (has no pension= 0, has a pension= 1),
internet access (noninternet user= 0, internet user= 1); (3)
health-related factors, including body mass index (continu-
ous variable of 15.03–36.00), self-rated health (continuous
variable of 1–5), chronic disease (not have= 0, have at least
one chronic disease= 1), T1 cognitive function (continuous
variable of 0–16), and depressive symptoms (continuous
variable of 0–18). It is important to note that we specifically
included T1 cognitive function as a control variable to
account for baseline cognitive abilities. This approach
allows us to effectively control for the potential

Figure 1. The flowchart of the inclusion and exclusion of the study population.
Note: CLASS = China Longitudinal Aging Social Survey.
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confounding effect of initial cognitive status on the relation-
ship between IVAs use and subsequent cognitive outcomes.
Depressive symptoms score was measured by the Centre for
Epidemiologic Studies Depression scale, which is a short
self-report scale with nine items based on the original
Centre for Epidemiologic Studies Depression scale com-
prised of 20 items.28 The total score ranges from 0 to 18,
with higher scores indicating greater depression. The
Cronbach’s α coefficient for the scale was .918.

Statistical analysis

Descriptive statistics were calculated to compare the char-
acteristics of nonusers, new users, and constant users of
IVAs. Chi-square tests for categorical variables and t tests
for continuous variables were used to assess differences
between groups, with nonusers as the reference group. To
examine the relationships among IVAs use, social net-
works, physical exercise, and cognitive function, we con-
ducted a path-analytic model approach using structural
equation modeling for observed variables. This method-
ology has been widely applied in numerous studies due to
its ability to simultaneously estimate multiple relationships
between variables and test complex mediation models.29

The mediation models were examined with the lavaan
package in the open source software R,30 employing the
maximum likelihood method for estimating model para-
meters.31 In our path-analytic model, we controlled for all
covariates not only for their potential effects on the
outcome (cognitive function) but also on the mediators
(social networks and physical exercise).

We first conducted a single-group path analysis on the
total sample to test the hypothesized parallel mediation
model. Multigroup path analyses then investigated potential
differences based on residence patterns and educational
level. For each analysis, we estimated direct, indirect, and
total effects of constant and new IVAs use on cognitive
function, with social networks and physical exercise as
mediators. All path analyses controlled for relevant covari-
ates. Standardized parameter estimates with 95% confi-
dence intervals (CIs) were reported. The effect was
regarded as statistically significant if the 95% CI excluded
zero. Model fit was assessed using the following indices:
comparative fit index, Tucker-Lewis index, root mean
square error of approximation with 95% CI, and standar-
dized root mean square residual.

Results

Descriptive findings

Table 1 compares the attributes of different IVAs users:
nonusers, new users, and constant users, using nonusers
as the reference group for statistical tests. The majority of
the sample consisted of nonusers (n= 7977), while new

users and constant users comprised smaller subgroups (n
= 229 and n= 137, respectively). Compared to nonusers,
both new users and constant users demonstrated signifi-
cantly higher cognitive function scores (14.90 vs. 13.42
and 14.50 vs. 13.42, respectively), social networks scores
(15.77 vs. 14.17 and 15.26 vs. 14.17, respectively), and
physical exercise frequency (6.55 vs. 3.46 and 5.08 vs.
3.46, respectively).

Of three types of IVAs users, nonusers were the oldest
group on average (mean age= 68.76 years) and had the
fewest years of schooling (mean= 5.71 years). They were
less likely to have an urban hukou status (42.74%) com-
pared to the other two groups and had the lowest proportion
of internet users (19.13%). In terms of living arrangements,
nonusers had the lowest percentage of individuals living
with a spouse (74.61%) and the highest percentage living
with children (30.89%). They were more likely to be cur-
rently working (29.36%) compared to new and constant
users but had the lowest pension coverage (74.40%)
among the three groups. Regarding health-related factors,
nonusers had the lowest cognitive function scores (mean
= 13.30) at Wave 1 among the three groups. They had a
lower average body mass index (mean= 22.40) and
higher depressive symptoms (mean= 6.64) than new
users. Their self-rated health (mean= 3.36) and chronic dis-
eases prevalence (72.97%) was lower than new users but
higher than constant users.

Single-group path analysis

A single-group path analysis was conducted to estimate
the parallel mediation model. The fit indices demon-
strated that the model had a satisfactory fit (comparative
fit index= 0.998, Tucker-Lewis index= 0.902, root
mean square error of approximation= 0.038, 95% CI =
0.021, 0.057, standardized root mean square residual=
0.003). Specifically, the model explains 46.6% of the
variance in the cognitive function among older adults
in China. Figure 2 presents the results for the standar-
dized solutions based on the mediation model in the
total sample. The direct, indirect, and total effects are
presented in Table 2.

New IVAs use showed statistically significant positive
direct effects on cognitive function (β= 0.404, 95% CI =
0.163, 0.644, respectively). Meanwhile, all indirect paths
from IVAs use to cognitive function through social net-
works and physical exercise were statistically significant.
For constant IVAs use, the indirect effects through social
networks and physical exercise were 0.030 (95% CI =
0.008, 0.052) and 0.040 (95% CI = 0.008, 0.072), respect-
ively. For new IVAs use, the indirect effects through social
networks and physical exercise were 0.037 (95% CI =
0.017, 0.057) and 0.113 (95% CI = 0.075, 0.150), respect-
ively. Moreover, statistically significant total effects of both
constant and new IVAs use on cognitive function were
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observed. Constant IVAs use had a total effect of 0.244
(95% CI = 0.069, 0.419), while new IVAs use showed a
stronger total effect of 0.553 (95% CI = 0.315, 0.792).

Multigroup path analyses

Multigroup path analysis for residence patterns differences. A
multigroup path analysis based on residence patterns
was conducted to examine whether the mediation
effects of IVAs use on cognitive function through
social networks and physical exercise differed between
older adults not living with children and those living
with children. The results are presented in Figure 3 and
Table 3.

For older adults not living with children, both constant
and new IVAs use showed significant positive direct
effects on cognitive function (β= 0.223, CI = 0.019,
0.427 and β= 0.483, CI = 0.209, 0.756, respectively).
Constant IVAs use had significant indirect effects through
social networks (β= 0.036, 95% CI = 0.009, 0.063) and
physical exercise (β= 0.032, 95% CI = 0.001, 0.062).
New IVAs use also showed significant indirect effects
through social networks (β= 0.054, 95% CI = 0.025,
0.082) and physical exercise (β= 0.093, 95% CI = 0.053,
0.133). The total effects of both constant and new IVAs
use on cognitive function were significant (β= 0.291,
95% CI = 0.088, 0.493 and β= 0.630, 95% CI = 0.358,
0.901, respectively). For older adults living with children,

Table 1. Descriptive statistics of the sample characteristics (N= 8343).

Variables Nonusers

Intelligent virtual assistants users

TotalNew users Diff. Constant users Diff.

N 7977 229 137 8343

T2 cognitive function (mean) 13.42 14.90 *** 14.50 *** 13.48

Social networks (mean) 14.17 15.77 *** 15.26 * 14.23

Physical exercise (mean) 3.46 6.55 *** 5.08 *** 3.58

Male (%) 50.76 42.79 * 56.93 * 50.74

Years of schooling (mean) 5.71 8.98 *** 9.42 *** 5.86

Age (mean) 68.76 67.37 *** 66.82 *** 68.69

Urban hukou (%) 42.74 86.46 *** 77.37 *** 0.45

Living with a spouse (%) 74.61 85.59 *** 83.94 *** 74.21

Currently working (%) 29.36 10.48 *** 10.22 *** 26.81

Internet user (%) 19.13 55.90 *** 69.34 *** 20.46

Has a pension (%) 74.40 93.45 *** 89.78 *** 75.06

Living with children (%) 30.89 22.71 *** 17.52 *** 30.98

T1 cognitive function (mean) 13.30 14.67 *** 14.53 *** 13.36

BMI (mean) 22.40 23.48 *** 22.48 22.43

Depressive symptoms (mean) 6.64 5.52 *** 6.89 6.61

Self-rated health (mean) 3.36 3.46 † 3.22 † 3.36

Has chronic diseases (%) 72.97 80.79 * 69.34 * 72.32

Note: The reference group is nonusers. BMI: body mass index. *p < .05. **p < .01. ***p < .001. †p < .1.
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neither constant nor new IVAs use demonstrated significant
direct or total effect on cognitive function. Most indirect
effects were not significant, except for the indirect effect
of new IVAs use on cognitive function through physical
exercise (β= 0.165, 95% CI = 0.076, 0.254).

Multigroup path analysis for education differences. A multi-
group path analysis based on educational level was con-
ducted to examine whether the effects of IVAs use on
cognitive function differed between older adults with
primary education and below and those with junior high
education and above. The results are presented in
Figure 4 and Table 4.

For older adults with primary education and below,
constant IVAs use did not show a significant direct
effect on cognitive function, while new IVAs use
demonstrated a strong positive direct effect (β= 0.670,
95% CI = 0.093, 1.247). Most indirect effects were
not statistically significant, except for the indirect
effect of new IVAs use through social networks (β=
0.085, 95% CI = 0.034, 0.137). The total effect of con-
stant IVAs use was not significant, but new IVAs use
exhibited a strong significant total effect on cognitive
function (β= 0.805, 95% CI = 0.216, 1.395). For
older adults with junior high education and above,
both constant and new IVAs use showed significant
positive direct effects on cognitive function (β=
0.356, 95% CI = 0.183, 0.530 and β= 0.424, 95% CI
= 0.181, 0.666, respectively). Only the indirect effect
of new IVAs use through physical exercise was

statistically significant (β= 0.065, 95% CI = 0.016,
0.114). The total effects of both constant and new
IVAs use on cognitive function were significant (β=
0.393, 95% CI = 0.222, 0.564 and β= 0.503, 95% CI
= 0.267, 0.740, respectively).

Discussion
This study examined the mediating roles of social networks
and physical exercise in the relationship between IVAs use
and cognitive function among Chinese older adults, consid-
ering differences in living arrangements and education
levels. Both constant and new IVAs use significantly
improved cognitive function, with new use showing stron-
ger effects. Our research extends previous findings by dem-
onstrating that social networks and physical exercise
mediate this relationship, with varying strengths for con-
stant and new use.

It is noteworthy that our descriptive statistics show a
slight increase in mean cognitive function scores from
T1 (13.36) to T2 (13.48). While this trend may seem
counterintuitive given the expected age-related cogni-
tive decline, it could be attributed to several factors.
Primarily, our attrition analysis (detailed in the
Supplementary Material) revealed selective attrition,
with participants having lower baseline cognitive
scores being more likely to drop out of the study.
This selective attrition could have resulted in the reten-
tion of samples with relatively better health status,
potentially artificially inflating the mean score at T2.

Figure 2. Standardized parameters for the mediation model in the total sample (n= 8343).
Note: IVAs= intelligent virtual assistants; BMI = body mass index. **p < .01. ***p < .001. †p < .1.
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Additionally, practice effects from repeated cognitive
testing could contribute to this observation.32 This
unexpected trend underscores the complexity of longi-
tudinal cognitive research and the importance of con-
sidering attrition effects in interpreting results.

As expected, both constant and new IVAs use had sig-
nificant total effects on the cognitive function of older
adults. This result agrees with previous studies and
support further empirical evidence for technologically
reserve hypothesis.4,5 Compared to constant IVAs use,
new IVAs use showed a stronger direct effect on improving
cognitive function. Interestingly, our findings contrast with
a previous study which found that continuous internet use
had a stronger positive effect on mental health compared
to new use.26 This divergence in results highlights the
potential differences between IVAs and general internet
use in terms of functionality and interaction modes. The
theory of cognitive plasticity offers a possible explanation:

new IVAs use introduces new environmental demands,
leading to a mismatch between functional supply and envir-
onmental demand.20 This mismatch prompts the brain to
respond and adjust rapidly, resulting in significant cognitive
function improvements in the initial stages.33 The continual
creation of new tasks and challenges by new IVAs use can
maintain this state of mismatch, driving short-term cogni-
tive improvements until the system reaches a new
dynamic equilibrium. In contrast, for constant IVAs use,
the brain’s functional supply has gradually adapted to exist-
ing demands and environments, reducing the motivation for
change and stabilizing performance, thus weakening the
effects of cognitive plasticity compared to new IVAs use.
From another perspective, Lövdén et al.20 also differentiate
between flexibility and plasticity. Flexibility refers to the
ability to optimize performance within existing structural
constraints, while plasticity involves structural changes,
such as increased neural connections or alterations in
brain regions. New IVAs use may more frequently trigger
a combination of flexibility and plasticity, leading to more
significant cognitive improvements. Our study applies and
validates this theory in the practice of IVAs.

More importantly, this study revealed social networks
and physical exercise as important mediating factors
between IVAs use and cognitive function among Chinese
older adults. The use of digital technology increases
social contact for older adults, helping them overcome
social and spatial barriers and becoming an essential
means of staying connected with the outside world.34

IVAs can help older adults communicate with family and
friends, provide reminders for social activities, offer
virtual companionship, and expand their social networks.17

Moreover, the role of social networks in enhancing cogni-
tive reserves, reducing dementia risk, and improving
overall mental health has been confirmed by numerous
studies.15,35 This research provides further evidence on
the mediating role of social networks between IVAs use
and cognitive function. In addition, constant IVAs use
may have a relatively stronger positive effect on social net-
works than new use due to several factors. Over time, users
develop deeper relationships, become more proficient with
the technology, and establish regular communication pat-
terns.36 The cumulative effect of prolonged use gradually
expands and strengthens social connections, particularly
benefiting older adults who may need more time to fully
adapt to digital social interactions.26

Furthermore, the results indicate that physical exercise
also plays an important mediating role between IVAs use
and cognitive function improvement, especially for new
IVA users. IVAs can provide exercise reminders, collect
health data such as exercise duration and frequency, and
share these data to help older adults monitor their physical
function progress and provide encouragement.18 Physical
activity and exercise have been extensively studied and
proven to enhance cognitive performance through various

Table 2. Standardized direct, indirect, and total effects in
single-group path analysis (total sample).

Estimate SE 95% CI

Direct effects

Constant IVAs use →
cognitive function

0.174 0.090 −0.003,
0.352

New IVAs use → cognitive
function

0.404 0.123 0.163,
0.644

Indirect effects

Constant IVAs use → social
networks → cognitive
function

0.030 0.011 0.008,
0.052

Constant IVAs use→ physical
exercise→ cognitive function

0.040 0.016 0.008,
0.072

New IVAs use → social
networks → cognitive
function

0.037 0.010 0.017,
0.057

New IVAs use → physical
exercise→ cognitive function

0.113 0.019 0.075,
0.150

Total effects

Constant IVAs use →
cognitive function

0.244 0.089 0.069,
0.419

New IVAs use → cognitive
function

0.553 0.122 0.315,
0.792

Note: Covariates are under controlled. Estimate: standardized parameter
estimates; CI: confidence interval; IVAs: intelligent virtual assistants.
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molecular mechanisms, including the stimulation of brain-
derived neurotrophic factors, learning, and memory,37,38

and are closely related to better cognitive function,
delayed cognitive decline, and improved brain health.16

These studies suggest that the use of IVAs can significantly
impact cognitive health by enhancing physical activity and
exercise. Compared to constant IVAs use, new IVAs use
shows more significant effects on physical exercise and
cognitive function improvement. According to Bräuer and
Mazarakis,10 it can be inferred that new IVAs users, due
to novelty, high motivation, initial behavior changes, and
positive psychological feedback, exhibit more significant
improvements in physical exercise and cognitive function.

Additionally, this study conducted multigroup path ana-
lyses to explore the heterogeneity in the cognitive health
effects of IVAs use among older adults with different living
arrangements and education levels. The results indicate that
compared to those living with children, older adults living

alone experience significant cognitive function improvements
with IVAs use, with social networks and physical exercise
playing significant mediating roles. Loneliness among older
adults is characterized by a lack of social interaction, which
is greater for those living alone.22 Older adults living alone,
due to the lack of face-to-face interaction, rely more on exter-
nal social tools to meet their social needs. The study by Park
and Kim12 found that artificial intelligence-based smart
speakers, through anthropomorphic interactions, can
provide companionship to older adults living alone and
help them establish social networks, thereby positively
impacting mental health. Good mental health has been
proven to be associated with higher participation in physical
activities.39 Additionally, IVAs, through voice reminders
and motivational functions, can help older adults living
alone to participate more actively in physical activities,
further improving cognitive function. In contrast, for older
adults living with children, only new IVAs use through

Figure 3. Standardized parameters for the mediation model in the group of those not living with children (n= 5803) and those living with
children (n= 2540).
Note: IVAs= intelligent virtual assistants. *p < 0.05. **p < 0.01. ***p < .001.
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physical exercise shows an indirect effect on cognitive func-
tion; other indirect and direct effects are not significant. A
possible explanation is that older adults living with children
usually have a strong family support system that provides
emotional support and social interaction in daily life, reducing
their reliance on external social tools.40,41 Therefore, the
introduction of IVAs does not significantly increase their cog-
nitive stimulation. The main role of IVAs is to increase the
frequency and quality of physical activity among new
users, indirectly promoting cognitive function improvement.

For older adults with different education levels, the rela-
tionship between IVAs use and cognitive function also
exhibits heterogeneity. For older adults with primary educa-
tion or below, constant IVAs use did not have a significant
direct effect on cognitive function, whereas new IVAs use
showed a significant positive direct effect on cognitive
function. Additionally, new IVAs use also significantly
impacted cognitive function indirectly through social net-
works. Older adults with lower education levels may face
more challenges in understanding and adapting to new tech-
nologies.23 Due to their unfamiliarity with and lower
acceptance of technology, constant IVAs use may not
provide sufficient learning motivation or cognitive stimula-
tion. However, the introduction of new IVAs may spark
their interest and engagement in the short term, leading to
significant cognitive function improvements. For older

adults with junior high education or above, both constant
and new IVAs use have significant positive direct effects
on cognitive function, and new IVAs use also has a signifi-
cant indirect effect through physical exercise. Older adults
with higher education levels have stronger learning abilities
and adaptability to new technologies,24 allowing them to
quickly master and utilize various functions of IVAs.
Therefore, both constant and new IVAs use can bring
about significant cognitive function improvements.
Furthermore, IVAs can promote physical exercise through
reminders and motivation, particularly effective for those
with higher health awareness. This group is more likely
to accept IVA suggestions, indirectly enhancing cognitive
function through increased physical activity.

Limitations

This study has the following limitations. First, the study’s
reliance on a simplified Mental State Examination scale,
necessitated by data constraints, may inadequately capture
the full spectrum of cognitive abilities, particularly visuo-
spatial skills, executive functions, and processing speed.
Future research should consider using more comprehensive
cognitive assessment tools to provide a deeper understand-
ing of cognitive abilities in older adults. Second, due to data
unavailability in the 2018 CLASS, mediating variables at

Table 3. Standardized direct, indirect, and total effects in multigroup path analysis (not living with children vs. living with children).

Not living with children (n=
5803) Living with children (n= 2540)

Estimate SE 95% CI Estimate SE 95% CI

Direct effects

Constant IVAs use → cognitive function 0.223 0.104 0.019; 0.427 0.112 0.204 −0.287, 0.511

New IVAs use → cognitive function 0.483 0.140 0.209; 0.756 0.178 0.237 −0.287, 0.643

Indirect effects

Constant IVAs use → social networks → cognitive function 0.036 0.014 0.009; 0.063 0.011 0.014 −0.017, 0.039

Constant IVAs use → physical exercise → cognitive function 0.032 0.016 0.001; 0.062 0.062 0.051 −0.038, 0.162

New IVAs use → social networks → cognitive function 0.054 0.014 0.025; 0.082 0.010 0.009 −0.008, 0.028

New IVAs use → physical exercise → cognitive function 0.093 0.021 0.053; 0.133 0.165 0.045 0.076; 0.254

Total effects

Constant IVAs use → cognitive function 0.291 0.103 0.088; 0.493 0.184 0.194 −0.196, 0.565

New IVAs use → cognitive function 0.630 0.139 0.358; 0.901 0.353 0.238 −0.113, 0.820

Note: Covariates are under controlled. Estimate: standardized parameter estimates; CI: confidence interval; IVAs= intelligent virtual assistants.
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T1 have not been controlled in the multiple mediating
model. This limitation potentially affects the interpretation
of temporal relationships. Future studies should incorporate
longitudinal data on mediators to facilitate more robust
causal inferences. Third, there may be potential reverse
causality between the use of IVAs and cognitive function.
Although we controlled for cognitive function at T1 and a
series of health-related covariates, endogeneity issues may
still exist, as health status could influence IVAs use behav-
ior. Due to data limitations, we were unable to obtain histor-
ical information about cognitive performance and
technology use patterns. Future studies could address this
limitation by incorporating questions about technology
use history and prior cognitive performance in survey
design while also employing more robust causal inference
methods such as instrumental variable approaches.
Fourth, considering the sample selection problem arising

from attrition bias (discussed in more detail in Tables S1
and S2 in the Supplementary Material), future research
needs to explore both methodological and data-driven solu-
tions to address this issue comprehensively. Fifth, the
current low adoption rate of IVAs among older adults
results in an imbalanced sample distribution, particularly
evident in the subgroup analyses (as detailed in Table S3
in the Supplementary Material). This imbalance may limit
the statistical power and reliability of certain analyses.
Future research should aim for larger, more balanced
samples to enhance result robustness.

Conclusion
The proliferation of digital technology offers promising
solutions for promoting the health of older adults. This
study examined the relationship between constant and

Figure 4. Standardized parameters for the mediation model in the group of primary and below (n= 5436) and junior high and above (n=
2907).
Note: IVAs= intelligent virtual assistants. *p < .05. **p < .01. ***p < .001.
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new IVAs use and cognitive function among Chinese older
adults, exploring social networks and physical exercise as
mediating pathways. The results showed that IVAs use, par-
ticularly new IVAs, significantly improved cognitive func-
tion in older adults. Social networks and physical exercise
mediated this relationship. Subgroup analysis revealed
that for older adults not living with children, IVAs use sig-
nificantly enhanced cognitive function, with social net-
works and physical exercise playing crucial mediating
roles. For those living with children, only new IVAs use
showed indirect effects through physical exercise.
Education levels also influenced outcomes: among those
with primary education or below, only new IVAs use had
significant effects, while for those with higher education,
both constant and new IVAs use positively impacted cogni-
tive function.

Based on these insights, we propose the following policy
implications: first, policymakers should encourage technol-
ogy companies to develop affordable, user-friendly IVAs
through subsidies and tax incentives. Particular emphasis
should be placed on the development of novel IVAs, sup-
porting the creation of those with innovative interaction
modes, advanced voice recognition technologies, and
more intelligent personalized services. Second, given the
significant mediating role of social networks, government
and private sector entities should introduce and promote
IVAs in community centers, nursing homes, and libraries

while implementing targeted training programs to teach
older adults how to use IVAs to expand their social net-
works and maintain connections with family and friends.
Third, considering physical exercise as another crucial
mediating variable, authorities should promote exercise
programs for older adults, offering free or low-cost exercise
classes through community activity centers and utilizing
IVAs for personalized exercise plan formulation, remin-
ders, and health data collection. Finally, differentiated
support and training measures should be developed for
older adults with varying living arrangements and educa-
tion levels. For older adults living with children,
family-oriented applications of IVAs that promote interge-
nerational interaction should be developed. For those with
lower education levels, simplified versions of IVAs
should be designed, accompanied by more basic,
step-by-step training. For older adults with higher education
levels, advanced IVAs function training can be provided,
encouraging them to fully utilize various features of
IVAs. By implementing these strategies, policymakers
can improve the accessibility and usability of intelligent
technological products, creating a more livable, age-
friendly society and addressing the challenges of population
aging.

Contributorship: TC was responsible for conceptualizing the
article, designing the framework, and writing the initial draft.

Table 4. Standardized direct, indirect, and total effects in multigroup path analysis (primary and below vs. junior high and above).

Primary and below (n= 5436) Junior high and above (n= 2907)

Estimate SE 95% CI Estimate SE 95% CI

Direct effects
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