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ABSTRACT
Willingness to enroll in experiments plays a vital role in user-centered design, particularly 
in emerging domains such as wearable robots for daily living assistance, where 
recruiting older adults poses challenges. guided by the integration of prospect theory 
and the senior technology acceptance model, this study aims to investigate the 
persuasive effects of message framing, specifically the valence (gain: positive framing 
versus loss: negative framing), in the form of flyers on older adults’ willingness to 
participate in real-life wearable robot experiments. the survey data were collected from 
176 online participants (Mage = 61.05; SD = 6.49). Multivariate analysis of variance 
indicates that gain-framed messages significantly influence perceived health benefits 
(F(1, 174) = 14.363, p < .001, ɳ2 = .09, 95% ci: .03-1.00). however, message frames do 
not directly impact the perceived effectiveness of flyers or willingness to enroll. 
Mediation analysis reveals that gain-framed messages enhance older adults’ willingness 
to enroll in wearable robot experiments through their perception of health benefits (ie: 
β = −.19, 95% ci: −.38– −.06, p = .017). this study contributes to the understanding of 
the persuasive effects of message framing on older adults’ willingness to enroll in 
wearable robot experiments, ultimately fostering advancements in the field and 
enhancing health outcomes and well-being for older adults.

Introduction

enhancing willingness to enroll in real-life experiments among potential users is crucial for developing 
novel assistive technologies such as wearable robots, yet researchers have not yet surmounted this bar-
rier (Merkel & Kucharski, 2019). Wearable robots or exoskeletons are powered devices designed to be 
worn by individuals to augment their physical abilities or assist with specific tasks (lowe et  al., 2019). as 
the utilization of robotic devices has expanded to encompass military (Proud et  al., 2020), industrial (Ralfs 
et  al., 2023), and healthcare (Morris et  al., 2023) domains, a burgeoning need has emerged for wearable 
robots capable of assisting individuals in performing daily living tasks, driven by the worldwide trend of 
population aging (Scott et  al., 2018; World health organization [Who], 2018). the global wearable robots 
market is projected to grow from USD 1.24 billion in 2023 to USD 14.67 billion by 2030, with a com-
pound growth rate of 42.2% (Fortune Business insights, 2023; Mordor intelligence, 2023). concerted 
efforts have been witnessed in recent years, ranging from full-body exoskeleton for physical assistance 
(christensen et  al., 2019), ankle exoskeleton for ambulation assistance (Fang et  al., 2022), hip exoskeleton 
for walking function improvement (Jayaraman et  al., 2022), to intelligent robotics for daily assistance (lou 
et  al., 2023), among community-dwelling older adults. Despite sustained initiatives, the acceptance and 
adoption of wearable robots by potential users remain notably subdued.

low usability (e.g. discomfort over time, bulky in size, or restrictive for daily use), safety concerns, 
appearance, and a lack of perceived usefulness (in terms of health benefits) have been identified as 
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major reasons for the low acceptance of wearable robots (chen et  al., 2023; luciani et  al., 2023; Morris 
et  al., 2023; Shore et  al., 2022), which should all have been addressed before product marketization, with 
full engagement of potential users such as older adults (Merkel & Kucharski, 2019; Shah et  al., 2021). the 
low enrollment of older adults in wearable robot experiments, including idea generation, prototype 
design and development, as well as prototype testing, has detrimental implications for research and 
development endeavors (cheng et  al., 2022). it undermines the generalizability of findings, diminishes 
statistical power, and impedes the advancement of customized solutions (chen et  al., 2023; luciani et  al., 
2023; Morris et  al., 2023; Shore et  al., 2022). More importantly, the ultimate goal to enhance the quality 
of life of older adults will be hindered and a large sum of investment in wearable robots will be wasted 
(cheng et  al., 2022). the senior technology acceptance model (StaM) is a theoretical framework that 
focuses on understanding and predicting older adults’ acceptance and adoption of technology by con-
sidering their unique characteristics, such as attitudinal beliefs, control beliefs, gerontechnology anxiety, 
and health conditions (chen & chan, 2014; chen & lou, 2020). While the StaM has been widely adopted 
to predict technology acceptance among older adults, it falls short of examining factors related to the 
most vital part of technology development, that is the willingness to enroll in experiments in older adults.

We propose to use the prospect theory to guide our study as message framing has been found to 
influence recruitment in research and intervention studies (Machado et  al., 2019; Speight et  al., 2021), 
details will be discussed in a later section. Message framing refers to the strategic presentation of infor-
mation or messages in a way that emphasizes either the potential gains or losses associated with a 
particular decision or action, influencing individuals’ perceptions and attitudes towards the subject mat-
ter (gallagher & Updegraff, 2012; gisbert-Pérez et  al., 2022). this is therefore reason to believe that mes-
sage frames could be effective in enhancing the willingness to enroll in wearable robot experiments in 
older adults. however, to our best understanding, no prior research has examined what type of message 
frames (i.e. gain versus loss) should be highlighted, and in what way. the present study therefore explores 
the efficacy of gain- versus loss-framed messages (presented as visual messages on flyers) on the will-
ingness to enroll in wearable robot experiments, focusing on plausible outcomes: gains obtained if using 
the wearable robots versus losses suffered if not using the wearable robots. First, the study asks which 
message frames will be more conducive to perceived health benefits. Second, we seek to understand if 
the perceived effectiveness of stimuli differed, after exposure to either gain- or loss-framed messages 
presented in flyers advertising real-world wearable robot experiments. We also examine the way message 
framing predicts willingness to enroll in wearable robot experiments in older adults.

Study context

the global population aging trend is irreversible. the number of people aged 65 years and over will rise 
from 761 million in 2021 to 1.6 billion in 2050, accounting for around 22% of the total world population 
(United Nations, 2023). Mobility is an important component of healthy aging (World health organization 
[Who], 2015), however, around 35% of persons aged over 70 are affected by mobility limitations (Webber 
et  al., 2010). china is also experiencing a rapid demographic shift, with an estimation of tripling its 
elderly population between 2015 and 2050, with more than 8% of its total population comprised of 
older adults aged 80 years and over (oecD, 2017). a recent study found that the standardized prevalence 
of mobility limitation in community-dwelling older adults in china was 30.4% (Wang et  al., 2024). hong 
Kong, a special administrative region in china, is expected to have 2.52 million (33.3%) older adults in 
2039 (census & Statistics Department, 2020). according to the latest statistics, there were 295,600 per-
sons with physical disabilities in hong Kong, and 78.1% were older adults aged 65 or above (census & 
Statistics Department, 2022). among some 244,000 persons with restrictions in body movement, 54.6% 
required assistance from others, 47.4% were using a wheelchair, and 45.1% were using a crutch or walk-
ing stick to assist in mobility (census & Statistics Department, 2022).

assistive technologies such as wearable robots cannot reverse mobility impairments, but they have 
huge potential to improve older adults’ mobility and enhance their overall functionality and indepen-
dence (Scott et al., 2018; Who, 2018). Since 2017, the gerontechnology field has been developed through 
significant government and industry initiatives (Wong et  al., 2017). For instance, the government ear-
marked hKD 1 billion to provide subsidies for non-governmental organizations to procure, rent, and 
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trial-use technology products for older adults (Social Welfare Department, 2023). Despite considerable 
efforts, a recent report revealed that gerontechnology research within universities is one of the major 
gaps in the gerontechnology ecosystem development (Wong et  al., 2021). another evaluation report 
suggested that there is a need to enhance older adults’ involvement in gerontechnology such as enroll-
ing them in real-life experiments, thus raising the awareness and perceived usefulness of the products 
(yee & lit, 2021). asia-Pacific is the leader in the research and development of wearable robot technol-
ogy and is expected to account for the largest market, with hong Kong as one of the key leaders in the 
asia-Pacific region share (Mordor intelligence, 2023; Xi et  al., 2020). against this background, hong Kong 
serves as an ideal location for conducting our study due to its significant advancements in the field of 
wearable robot technology and its proactive approach to promoting gerontechnology initiatives. in this 
paper, we propose an innovative framework to enhance the willingness to enroll in wearable robot 
experiments in older adults.

Prospect theory and message framing in health communication

Prospect theory, proposed by Kahneman and tversky (1979) and originated in behavioral economics, 
provides a theoretical framework for understanding individuals’ decision-making processes and their 
responses to different message frames. in health communication, gain-framed messages emphasize 
obtaining gains and/or avoiding losses when performing an action, while loss-framed messages highlight 
foregoing gains and/or suffering losses when not performing an action (guenther et  al., 2020). extensive 
research has applied prospect theory to investigate the effects of gain- versus loss-framed messages on 
attitudes, beliefs, and behaviors related to health promotion and preventive measures (gallagher & 
Updegraff, 2012; Penţa & Băban, 2017; Rothman et  al., 2006).

Previous studies have found that gain-framed messages are more effective in promoting preventive 
behaviors, such as regular exercise and healthy eating habits (carvalho et  al., 2022; yadav et  al., 2021). 
these messages focus on the potential gains individuals can achieve through health-promoting behav-
iors, such as improved well-being, disease prevention, and increased longevity (guenther et  al., 2020). 
conversely, loss-framed messages tend to be more effective in promoting detection behaviors, such as 
cancer screenings and early detection practices (Bosone & Martinez, 2017; o’Keefe & Wu, 2012). they 
emphasize the potential losses or negative consequences individuals may face if they fail to engage in 
recommended behaviors, such as increased risk of illness or reduced quality of life. Unfortunately, enroll-
ment in real-life experiments is neither a preventive nor detective behavior, it is therefore imperative to 
address this gap and provide evidence to enhance engagement of potential users.

While the existing literature has contributed valuable insights into the effects of gain- versus 
loss-framed messages, several limitations remain. Most studies have primarily focused on younger adult 
populations, leaving a gap in understanding how message framing influences health-related decisions 
among older adults (guenther et  al., 2020). Furthermore, the majority of research has investigated gen-
eral health behaviors (Penţa & Băban, 2017) and ignored the fact that technological advancement opened 
a new health arena for exploration (Babič et  al., 2021; Davis et  al., 2020). there is a need for more 
context-specific studies, such as examining the impact of message framing in the context of assistive 
technologies like wearable robot experiment enrollment among older adults. addressing these gaps will 
provide a more comprehensive understanding of how message framing influences health-related deci-
sions across diverse populations and contexts.

Wearable robots and the role of message framing in willingness to enroll

Wearable robots, also known as exoskeletons, are a unique and emerging technology with the potential 
to enhance mobility, functional abilities, and quality of life among older adults (Bützer et  al., 2021). these 
robotic devices are designed to provide physical support and assistance, augmenting or restoring indi-
viduals’ movements and capabilities (lowe et  al., 2019). Real-life wearable robot experiments offer oppor-
tunities for older adults, the potential users, to experience the benefits of this technology first-hand and 
offer immediate feedback for prototype development (Ármannsdóttir et  al., 2020; lou et  al., 2023).
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Perceived health benefits have been found to have a positive influence on technology acceptance, such 
as mhealth apps (Palos-Sanchez et  al., 2021). it can be operationalized as attitudinal beliefs in the 
StaM—the first and only technology acceptance model targeting older adults—focusing on the per-
ceived usefulness of gerontechnology in terms of health benefits (chen & chan, 2014; chen & lou, 2020). 
in the context of wearable robot experiments, older adults may have concerns about the potential health 
outcomes and impacts of this new assistive technology in their later lives, particularly improvements in 
performing daily living activities by enhancing mobility functions. investigating how different message 
frames influence older adults’ perceptions of the health benefits associated with wearable robots can 
inform the development of persuasive recruitment materials that effectively communicate the potential 
positive impacts on health and well-being, without raising ethical concerns (Speight et  al., 2021).

Perceived effectiveness of recruitment materials, such as flyers, is another important factor in older adults’ 
decision-making processes (Mikels et al., 2020). Flyers are commonly used to inform and recruit participants 
for experiments or intervention studies (Machado et  al., 2019; Speight et  al., 2021). Message framing can 
influence older adults’ perceptions of the effectiveness of these flyers in conveying the necessary informa-
tion and motivating their willingness to enroll. Understanding the role of message framing in shaping older 
adults’ perceptions of the perceived health benefits associated with wearable robots and the perceived 
effectiveness of recruitment materials is crucial to increasing their willingness to enroll in real-life experiments.

Methods

Sample and procedure

this study was approved by the human Research ethics committee of the University of hong Kong. 
Upon scanning the QR code or accessing the recruitment link provided on a recruitment poster, potential 
participants were directed to an initial page that concisely outlined the objectives of the study. 
Subsequently, on the following page, participants provided written informed consent online. to qualify 
for this study, participants had to be (1) hong Kong residents aged 50 to 74, (2) residing in the commu-
nity setting in hong Kong (i.e. not residing in an institutional setting), (3) able to read traditional chinese, 
(4) able to complete a survey and without color blindness, and (5) free from any known cognitive issues 
such as dementia.

Following the indication of consent, individuals underwent a brief screening process to ascertain their 
eligibility based on the predetermined inclusion and exclusion criteria delineated earlier. Participants who 
did not meet the eligibility criteria were gratefully acknowledged and their involvement in the study was 
discontinued, while those who met the criteria progressed to the main phase of the study. the eligible 
participants were then randomly assigned to one of the four conditions (see Figure 1) utilizing the 
built-in randomizer feature in Qualtrics (2023). Subsequently, they received instructions to dedicate a 
minimum of one minute to reading the provided wearable robot experiment flyer before proceeding to 
the subsequent section. Finally, participants were given a registration link that directed them to the 
real-life wearable robot experiment (details elsewhere: https://i-reach.hku.hk/). if enrolled in the current 
study and passed a data quality check (detailed below), they were compensated with an hKD50 (i.e. 
around USD6.39) supermarket coupon.

We set a target of gathering approximately 180 questionnaires, and initially, 186 individuals completed 
the survey. additionally, to uphold the validity of the questionnaire, we excluded surveys that cannot 
pass the data quality check (i.e. provided more than two wrong answers for the check item ‘this is a 
check item. Please select 2’.). eventually, a total of 176 full questionnaires were involved in the data 
analysis. Participants were 106 women and 70 men, and the average age was 61.05 years (ranging from 
50 to 74 years, SD = 6.49). about half (46.59%) of the participants had secondary education, and 32.4% 
of participants attained a bachelor’s degree or above. Meanwhile, 27.8% of participants reported inade-
quacy in self-perceived financial status. over half (56.8%) of participants reported poor or fair health status.

Wearable robot flyers development

this work is part of a larger study of the first author. Four flyers (see Figure 1) were created using 
canva, an online design tool for creating professional-looking visuals (canva, 2023). the message 
embedded in the flyers was developed based on (a) 11 in-depth interviews on daily activities 

https://i-reach.hku.hk/
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challenges and technology perceptions with older adults aged 50 or over, (b) a pilot survey conducted 
with 30 older adults, and (c) updated literature review (chen et  al., 2023; guenther et  al., 2020; 
Kim, 2022).

the gain-framed flyers emphasize obtaining gains and avoiding losses by using wearable robots. For 
instance, the focal message, ‘Using wearable robots will increase your ability in performing daily activi-
ties’, was followed by several additional gain-framed items (e.g. ‘improve upper and lower limb mobility’, 
‘increase independent and autonomous living level’). the loss-framed flyers emphasize foregoing gains 
and suffering losses of not using wearable robots. For instance, the focal message, ‘Not using wearable 
robots will decrease your ability in performing daily activities’, was followed by a few loss-framed items 
(e.g. ‘deteriorate upper and lower limb mobility’, ‘decrease independent and autonomous living level’).

Figure 1. Wearable robot experiment flyers. (a) and (C) are gain-framed flyers, differed in section one in terms of year 
vs day. (B) and (D) are loss-framed flyers, differed in section one in terms of year vs day.
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Measurement

Willingness to enroll
Participants were asked to rate how interested they were in joining a wearable robot experiment after 
the fourth section of the flyers (see Figure 1). each participant rated how interested they were on a 1 
(not at all) to 6 (extremely) scale, adapted from prior literature (Mikels et  al., 2020).

Perceived health benefits
to measure perceived health benefits of the wearable robots, we adapted three items from an existing 
study (Palos-Sanchez et  al., 2021) and adjusted them to match the message frames. in the gain-framed 
conditions, the sentences were ‘Using the wearable robots can improve your mobility performance (lower 
limb; first item)/(upper limb; second item)’ and ‘Using the wearable robots can improve your performance 
in daily activities’. in the loss-framed conditions, the sentences were ‘Not using the wearable robots can 
worsen your mobility performance (lower limb; first item)/(upper limb; second item)’ and ‘Not using the 
wearable robots can worsen your performance in daily activities’. Participants respond as to the extent 
they agree with each statement on a 5-point likert scale, ranging from 1 (strongly disagree) to 5 (strongly 
agree). an overall score was calculated by averaging the three items, such that higher scores indicated 
a higher perceived health benefit of wearable robots (α = .89).

Perceived effectiveness of flyers
Participants were asked to rate how effective the four flyer elements were in convincing them to accept 
the wearable robots (as described above and demarcated in Figure 1). each participant rated how effec-
tive the flyers were on a 1 (very ineffective) to 6 (very effective) scale, following prior literature (Mikels 
et  al., 2020). a composite score was calculated by averaging the four items, such that higher scores 
indicated a higher perceived effectiveness of flyers (α = .82).

Demographic information
Participants were asked to provide demographic information including age (in years), gender (0 = female; 
1 = male), and education level (0 = primary or below; 1 = secondary; 2 = higher diploma or associate degree; 
3 = bachelor; 4 = master or above). a single item was used to assess perceived financial status in terms of 
adequacy, each participant rated on a 0 (very inadequate) to 3 (very adequate) scale. additionally, a 
single item was used to assess self-rated health (1 = poor; 2 = fair; 3 = good; 4 = very good; 5 = excellent; 
idler & Benyamini, 1997).

Statistical analysis

our analyses focused on the role of perceived health benefits in the influence of gain- versus loss-framed 
messages on willingness to enroll in a real-life wearable robot experiment. First, we examined the influence 
of gain- versus loss-framed messages on perceived health benefits, perceived effectiveness of the flyer, and 
willingness to enroll in the wearable robot experiment. Next, analyses examined whether perceived health 
benefits and/or perceived effectiveness predicted willingness to enroll in the wearable robot experiment. 
Finally, we conducted a mediation analysis to examine if there was an indirect effect of gain- versus 
loss-framed messages on willingness to enroll in the wearable robot experiment. given there were no 
group differences in the perceived effectiveness of flyers and demographic information (see table 1), all 
analyses were conducted without control variables. all analyses were conducted in R (R core team, 2023).

Results

Influence of message frame on perceived health benefits, perceived effectiveness, and 
willingness to enroll

a multivariate analysis of variance was conducted to examine the effect of the message frame on per-
ceived health benefits, perceived effectiveness of the flyers, and willingness to enroll in the wearable 
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robot experiment (see table 2). the analysis revealed a significant effect of gain versus loss frame on 
perceived health benefits (F(1, 174) = 14.363, p < .001, ɳ2 = .09, 95% ci: .03-1.00), such that gain frames 
evoked more perceived health benefits of the wearable robots. considering possible health status differ-
ences in perceived health benefits, an additional one-way analysis of variance (aNoVa) was conducted. 
Perceived health benefits did not differ by health status (F(1, 174) = .391, p = .533). Regarding the other 
measures, the message frame did not have an effect on perceived effectiveness or willingness to enroll.

Did perceived health benefits or perceived effectiveness of flyers predict willingness to enroll?

two separate regression analyses examined if perceived health benefits or perceived effectiveness of 
flyers (note that these two measures were correlated, r = .397, p < .001). the first regression examined 
if perceived health benefits predicted willingness to enroll in the wearable robot experiment. this anal-
ysis revealed that the more positive perceived health benefits of the wearable robots, the greater will-
ingness there was in enrolling the wearable robot experiment (β = .616, Se = .133, p < .001, 95%  
ci: .35–.89, ɳ2 = .11). the second analysis examined whether perceived effectiveness of flyers predicted 
willingness to enroll in the wearable robot experiment. this analysis revealed that higher perceived effec-
tiveness of flyers significantly predicted increased willingness to enroll in wearable robot experiments (β 
= .496, Se = .116, p < .001, 95% ci: .27–.73, ɳ2 = .10).

Did message frame have an indirect effect on willingness to enroll in the wearable robot 
experiment via perceived health benefits?

given that message frame had a direct effect on perceived health benefits but not perceived effective-
ness of flyers, the analyses only examined the former. a mediation analysis examined whether there was 
an indirect effect of gain- versus loss-framed messages on willingness to enroll in wearable robot exper-
iment (Figure 2), following hayes’ model 4 (hayes, 2013). additionally, this analysis used the ‘lavaan’ 

Table 1. Participants’ characteristics by message frame condition (n = 176).
gain-framed

(n = 86)
loss-framed

(n = 90)
M (SD) M (SD) Statistic p

age (in years) 60.79 (6.54) 61.29 (6.48) t(174) = −.508 .612
gender 60.5% F, 39.5% M 60.0% F, 40.0% M X2(1) = .003 .950
education level, n(%) X2(4) = 1.267 .867
 Primary or below 8 (9.3%) 6 (6.7%)
 Secondary 39 (45.3%) 43 (47.8%)
 Higher diploma/associate 

degree
13 (15.1%) 10 (11.1%)

 Bachelor 11 (12.8%) 14 (15.6%)
 Master or above 15 (17.4%) 17 (18.9%)
Financial status, n(%) X2(3) = 1.733 .630
 Very inadequate 0 (0.0%) 1 (1.1%)
 inadequate 21 (24.4%) 27 (30.0%)
 adequate 63 (73.3%) 60 (66.7%)
 Very adequate 2 (2.3%) 2 (2.2%)
Health status, n(%) X2(4) = 3.071 .546
 Poor 2 (2.3%) 4 (4.4%)
 Fair 50 (58.1%) 44 (48.9%)
 good 22 (25.6%) 32 (35.6%)
 Very good 9 (10.5%) 8 (8.9%)
 excellent 3 (3.5%) 2 (2.2%)

Table 2. the influence of message frame on perceived health benefits, effectiveness of flyers, and willingness to enroll.
gain-framed

(n = 86)
loss-framed

(n = 90) Statistic

M (SD) M (SD) df MS F p
Perceived health 

benefits
3.93 (.53) 3.55 (.78) 1, 174 6.551 14.363 < .001

effectiveness of flyers 4.62 (.81) 4.58 (.81) 1, 174 .048 .073 .788
Willingness to enroll 4.52 (1.27) 4.51 (1.33) 1, 174 .006 .004 .951
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package (Rosseel, 2023) in R to estimate the causal mediation effect (indirect effect) and direct effect. 
Both indirect and direct effect estimates were computed using 10,000 bootstrapped samples, and the 
95% ci was computed by determining the effects at the 2.5th and 97.5th percentiles. compared to the 
loss frame, the gain frame was associated with increased willingness to enroll in the wearable robot 
experiment via perceived health benefits (ie: β = −.26, 95% ci: −.47– −.11, p = .004). the indirect effect 
remained significant even when controlling for perceived effectiveness of flyers (ie: β = −.19, 95%  
ci: –.38– –.06, p = .017).

Discussion

this research set out to examine the influence of message frames (gain versus loss) on willingness to 
enroll in wearable robot experiments among older adults. the results of this study revealed that 
gain-framed messages led to significantly higher perceived health benefits of the wearable robots com-
pared to loss-framed messages. however, message frame did not have a significant direct effect on per-
ceived effectiveness of the flyers or willingness to enroll in the wearable robot experiment. Further 
analysis showed that both perceived health benefits and perceived effectiveness independently predicted 
a greater willingness to enroll in the wearable robot experiment. additionally, a mediation analysis 
demonstrated that message frame indirectly influenced willingness to enroll via perceived health benefits.

Theoretical implications

the finding that gain-framed messages led to higher perceived health benefits is consistent with a sub-
stantial body of previous research on the persuasive power of gain-framed messages in promoting pos-
itive health behaviors (li et  al., 2022; Murayama et  al., 2023; yadav et  al., 2021). Numerous studies have 
consistently demonstrated that gain-framed messages, which emphasize the potential benefits and 
improvements associated with a behavior or intervention, are more effective in influencing individuals’ 
attitudes and intentions compared to loss-framed messages (guenther et  al., 2020; Kim et  al., 2022). For 
example, (guenther et  al., 2020) conducted a meta-analysis of health message framing studies and found 
that gain-framed messages were more persuasive than loss-framed messages across various health 
domains, including exercise, diet, and disease prevention. Similarly, (Kim et  al., 2022) investigated the 
effects of gain- and loss-framed messages on smoking cessation and observed that gain-framed mes-
sages led to higher intentions to quit smoking compared to loss-framed messages. Moreover, a 
gain-framed graphics flyer has been found to predict a higher willingness to authorize research contact 
programs (Speight et  al., 2021).

Unlike prior studies that raised ethical concerns, such as worries about manipulating information 
about research or experiments (Speight et  al., 2021), our study adds to the existing literature by demon-
strating that emphasizing the potential gains and improvements associated with using wearable robots 

Figure 2. indirect effect analyses examining the role of perceived health benefits in the effect of message frame on 
willingness to enroll. note: these statistics are reported without controlling for perceived effectiveness.
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can enhance willingness to enroll in real-life experiments through perceived health benefits. this aligns 
with the principles of prospect theory, which suggests that individuals are more motivated by behaviors 
that are framed in terms of gains rather than losses (tversky & Kahneman, 1981). this positive impact of 
gain-framed messages on perceived health benefits can be attributed to their ability to evoke optimistic 
perceptions, hope, and positive emotions, which in turn, enhance individuals’ attitudes and intentions 
toward the promoted behavior (guenther et  al., 2020). therefore, our findings contribute to a growing 
body of research supporting the effectiveness of gain-framed messages in health promotion contexts 
and extend this understanding to the domain of wearable robot experiment enrollment among older 
adults. Future research should also explore whether message framing influences the acceptance and 
adoption of wearable robots in this population.

contrary to some previous literature, our results did not show a direct effect of message frame on 
perceived effectiveness of the flyers or willingness to enroll (Machado et  al., 2019; Speight et  al., 2021). 
this discrepancy may be attributed to the specific characteristics of our sample, which consisted of older 
adults. older adults are known to exhibit unique cognitive and motivational processes that can interact 
with message framing effects differently than younger populations. For instance, research has shown that 
older adults tend to prioritize emotional well-being and the avoidance of losses in decision-making con-
texts (liu et  al., 2019; Mikels et  al., 2020). this age-related emphasis on emotional well-being and loss 
avoidance may diminish the persuasive impact of message framing on perceived effectiveness and will-
ingness to enroll, in our study. to gain a more comprehensive understanding of message framing effects 
in older adults, future research could investigate these potential age-related differences in a more 
detailed manner, such as the interplay of age groups and message framing effects.

Practical implications

Despite the application of a myriad of funding and initiatives to develop a gerontechnology ecosystem, 
the acceptance and adoption of gerontechnology remains low, mainly attributed to insufficient engage-
ment of older adults in the development stage (Wong et  al., 2021; yee & lit, 2021). this research pro-
vides an applied contribution by identifying an effective way to frame messages aiming to increase the 
willingness to enroll in wearable robot experiments among older adults. Namely, the results of this study 
suggest that gain-framed messages can enhance the perceived health benefits of wearable robots, which 
can provoke a greater willingness to enroll in real-life experiments.

the current study is to our knowledge the first to test the efficacy of message frames (i.e. gain versus 
loss) on willingness to enroll in wearable robot experiments among older adults. conducting the study 
in the community affords a degree of ecological validity that cannot be achieved in a controlled or 
hypothetical environment (gneezy, 2017). considering that the findings have been obtained in a 
real-world environment, capturing participants’ actual willingness to enroll in wearable robot experi-
ments, they hold significant practical implications for a wide range of professionals, practitioners, and 
policymakers (van heerde et  al., 2021). Particularly, gerontechnology product designers and researchers 
should follow our framework to engage potential users during the development stage. Furthermore, 
given the scalability and cost-effectiveness of message framing, our results are valuable to public health 
organizations, policymakers, and media outlets that promote gerontechnology. to maximize the involve-
ment of potential users in gerontechnology development, researchers and policymakers may want to 
deliver messages phrased as gains—that is, benefits the users will obtain if using the product, rather 
than drawbacks the users will suffer if not using the product—evidenced in our study. acknowledging 
the uniqueness of each gerontechnology product, we would not be remiss to not mention the impor-
tance of replication of this work as a precursor to implementation.

Limitations and directions for Future research

our study offers valuable insights into the influence of message framing on the willingness to enroll in 
real-life wearable robot experiments for older adults. however, several limitations should be acknowl-
edged. Firstly, our cross-sectional design restricts our ability to establish causal relationships between 
variables and examine changes in perceptions and actual behaviors over time. Future research 
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employing longitudinal designs can provide a better understanding of the temporal dynamics of mes-
sage framing effects on actual enrollment in wearable robot experiments among older adults. Secondly, 
our sample consisted of a specific group of older adults who completed the survey online, which intro-
duces potential selection bias and limits the generalizability of our findings. Future studies should strive 
to include more diverse samples, encompassing individuals from varying technological familiarity and 
different socio-demographic backgrounds. additionally, our study relied on self-report measures, which 
are subject to response biases. a prior study showed that negative text-based advertisements were effec-
tive at attracting attention among individuals with the greatest concern for environmental matters, cap-
tured using eye-tracking technology, (gómez-carmona et  al., 2021). incorporating objective measures or 
behavioral outcomes such as eye tracking in future research can provide a more comprehensive under-
standing of participants’ attitudes and actions towards wearable robot experiments. Moreover, the flyers 
used in this study focused on a specific type of wearable robotic device, namely mobility devices worn 
on either the upper or lower limb. thus, our findings are limited to this particular class of devices, and 
caution should be exercised when generalizing the results to other types of wearable robots. Finally, the 
statistical analyses conducted in our study were based on aggregate scores across the presented body 
locations (upper and lower limbs). this approach may overlook potential differences in participants’ 
responses to message framing when considering specific body locations. it is important to acknowledge 
this limitation and consider the need for further investigation into the differential effects of message 
framing on willingness to enroll in wearable robot experiments corresponding to specific body locations 
that require support.

Conclusion

in summary, this study is not only of great significance to understanding the persuasive effects of mes-
sage framing on older adults’ willingness to enroll in real-life wearable robot experiments but also a 
pioneer work that lays the foundation for future research in this area. By emphasizing the potential 
health benefits, we can enhance strategies for recruiting older adults for wearable robot experiment 
enrollment. these findings contribute to the existing literature and offer valuable insights into enhancing 
the willingness to enroll in wearable robot experiments which is crucial in a user-centered design. Future 
research should explore additional factors influencing the willingness to enroll and investigate the gen-
eralizability of these findings to diverse populations and technological contexts. overall, this study high-
lights the potential for leveraging message framing techniques to enhance older adults’ engagement in 
wearable robot experiments and promote advancements in this field.
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