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INTRODUCTION 
Prospective memory (PM), the ability to remember and carry out an intention in the future, is crucial for 
maintaining health, independence, and social connections. Normative age-related changes, changes that most 
people can expect to experience as they age, can result in meaningful PM failures, and studies have shown a 
reliable link between PM and activity of daily living performance and quality of life among older adults (OAs) [1]. 
Thus, PM decline represents an obstacle for functional independence in older adulthood. This issue can be 
exacerbated for individuals with cognitive impairment (CI) such as mild cognitive impairment (MCI) [2], CI due to 
traumatic brain injury (TBI) [3], and post-stroke CI (PSCI) [4].  
Wearable technologies, such as smartwatches, have the potential to serve as effective PM aids. A wearable 
device can move with the person; it can be used as an aid inside and outside of the home [5-6]. Additionally, it 
can send visual, audio, and tactile alerts that can be highly noticeable to the user but subtle enough to not be 
disruptive in social settings. However, the user must continually wear the device and keep it charged for it to be 
effective [6]. Potential barriers to the effective use of a wearable device include challenges due to small and hard-
to-see buttons, difficult-to-navigate menus, confusing terminology, and other usability problems [7]. These types 
of challenges are likely to be exacerbated for OAs experiencing CI [5, 8]. 
Few studies of mobile device efficacy include a diverse population of OAs, such as individuals with disabilities and 
CIs [5]. Little is known about how OAs, particularly those with CIs, might interact with smartwatches. Thus, further 
research following an evidence-based, user-centered design process is needed before an intervention can be 
developed for this population. This study aimed to 1) assess the usability of smartwatches for OAs with a diverse 
range of cognitive functioning, including those with CIs, and 2) gain an initial understanding of the efficacy of 
smartwatches as PM aids for this population. 
METHODS 
Study procedure 
A telephone screening was conducted to identify potential participants. Participants were excluded if they scored 
below a 22 on the Telephone Interview for Cognitive Status-Modified (TICS-M), as these individuals would be 
unlikely to provide informed consent. Once enrolled in the study, participants first completed telephone interviews 
in which demographic, technology acceptance [9], and neuropsychological information were collected. Initial 
cognitive status was measured by the Montreal Cognitive Assessment (MoCA)- BLIND. Subjective measures of 
memory included the Memory Functioning Questionnaire (MFQ) [10] and the Prospective and Retrospective 
Memory Questionnaire (PRMQ) [11]. Participants were then randomly assigned to the Intervention Group or the 
WL Group. 
Participants in the Intervention Group received in-person training on how to use the smartwatch. Participants with 
Android phones were given a Samsung Galaxy Watch4 Classic (46mm; Bluetooth). Participants with iPhones, as 
well as one participant whose Android phone was not compatible with the Galaxy Watch4, were given a Samsung 
Galaxy Watch Active2 (44mm; Bluetooth). The smartwatch screens were customized to display the same digital 
face. Participants were asked to wear the smartwatch and use its reminder notifications to remind them to 
complete an automated telephone survey once each day for 10 days. Reminders to complete the survey were 
programmed to appear on the smartwatch each day at a time chosen by the participant. The daily survey 
consisted of one question in which participants were asked to rate from 1 to 5 how difficult it was for them to 
remember to complete the survey that day. The completion of this survey served as an objective memory test. A 
reminder to charge the watch was also programmed to appear on the smartwatch each night at a time chosen by 
the participant. At the end of the 10-day period, participants completed a final phone interview in which they 
completed several usability measures including the System Usability Scale (SUS), NASA Task Load Index (TLX), 
and the Perceived Usefulness and Ease of Use Scale (PUEU) [12].  
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Participants in the WL Group were first asked to use their usual memory strategies to remember to complete the 
daily survey for 10 days. These participants then followed the same procedure as those in the intervention group 
for an additional 10 days. 
RESULTS 
Participants were 27 community-dwelling OAs with either normal cognitive functioning or a self-reported CI due to 
MCI, TBI, or PSCI. Demographic information is summarized in Table 1.  
Table 1. Demographic information for participants within and across study conditions 

Group n % Female Age (yrs) % White/Caucasian % Non-impaired 
Intervention Group 12 16.7 70.25 (6.03) 66.7 50.0 
Wait-List Control Group 15 80.0 72.27 (5.91) 93.3 60.0 
All Participants 27 51.9 71.37 (5.94) 81.5 55.6 

 
Usability 
Descriptive statistics for usability measures are reported in Table 2. SUS ratings of the smartwatches were 
average to below average. Participants who used the Samsung Galaxy Watch4 gave the watch an average rating 
of 68.18%, corresponding to a score of “C,” or average. Participants who used the Samsung Galaxy Watch 
Active2 gave the watch an average rating of 58.44%, corresponding to a score of “D,” or below average. There 
was not a significant difference in the SUS rating between the two smartwatches. 
Ratings on the NASA TLX relate to the task of responding to (i.e., dismissing or snoozing) the reminder 
notifications on the smartwatch screen. For both smartwatches, participants gave relatively low ratings for all 
scales, representing low task demands (i.e., mental, physical, temporal), little total effort required for the task, low 
levels of frustration involved in the task, and good performance on the task. Compared to the Galaxy Active2, the 
Galaxy Watch4 generally had lower ratings of task demands, lower effort levels required, lower frustration levels, 
and better ratings of success, though these differences were not significant. Ratings of mental demand were 
marginally lower for the Galaxy Watch4 compared to the Galaxy Active2, t(25) = -1.86, p = .075, d = -0.73. 
For both smartwatches, participants gave mean perceived usefulness ratings of approximately 50% of the 
possible scale maximum, suggesting that there was not an overall positive or negative view of usefulness. For the 
Galaxy Watch4, participants gave an average mean ease of use rating at 73.81% of the scale maximum, 
indicating a slightly above average view of ease of use. For the Galaxy Watch2, ease of use ratings were slightly 
lower, though not significantly, at an average of 63.54% of the possible scale maximum. 
Table 2. Means and standard deviations for usability measures for both smartwatches 

 
 
 
 
 
 
 

Memory performance 

Memory performance (Figure 1) was measured by the percentage of daily surveys completed during each study 
period. A between-subject ANCOVA was conducted to compare memory performance between the Intervention 
Group and WL Group while the Intervention Group had smartwatches and the WL Group did not, controlling for 
initial cognitive status (MoCA). There was not a significant effect of condition on the proportion of daily surveys 
completed after controlling for initial cognitive status, F(1, 24) = .01, p = .928, ηp2 < .01. In other words, 
participants with the smartwatches did not complete a higher or lower proportion of daily surveys (M = .93, SD = 
.15) compared to those without the smartwatches (M = 0.91, SD = 0.26).  

Device SUS NASA TLX PUEU 

Mental 
Demand 

Physical 
Demand 

Temporal 
Demand 

Performance Effort Frustration Usefulness Ease 
of Use 

Galaxy 
Watch4 
(n = 11) 

68.18% 
(11.73) 

10.00% 
(8.66) 

5.91% 
(6.25) 

8.64% 
(14.51) 

13.18% 
(17.65) 

10.45% 
(12.14) 

15.91% 
(17.58) 

3.33 (1.99) 5.17 
(1.04) 

Galaxy 
Active2 
(n = 16) 

58.44% 
(20.27) 

25.94% 
(27.40) 

15.00% 
(18.44) 

14.06% 
(10.83) 

20.63% 
(24.55) 

18.13% 
(22.05) 

34.06% 
(34.41) 

3.65 (1.43) 4.45 
(1.04) 
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A paired-samples t-test compared performance within the 
WL Group before and after the introduction of the 
smartwatches. There was not a significant difference in the 
proportion of daily surveys that participants completed 
without the smartwatch (M = 0.91, SD = 0.26) compared to 
the proportion completed with the smartwatch (M = 0.93, 
SD = 0.12), t(14) = -.185, p = .856. 
Ratings provided in the daily surveys were used as a self-
reported measure of how difficult it was for the participants 
to remember to complete the daily survey. There were no 
significant differences in survey ratings between groups or 
within the WL Group before and after the introduction of the 
smartwatches.  
Relating memory and technology acceptance to 
perceived usefulness 
Correlations were run to examine relationships between 
perceived usefulness and scores from the MoCA, MFQ 
subscales, PRMQ subscales, and technology acceptance subscales. Significant results are reported.  

There were significant negative correlations between perceived usefulness scores and two subscales of the MFQ: 
the retrospective functioning scale, r(25) = -.41, p = .035, and the frequency of forgetting scale, r(25) = -.50, p = 
.008. Better perceived memory was associated with lower ratings of perceived usefulness of the smartwatches. 
There were significant positive correlations between perceived usefulness scores and four subscales of the 
PRMQ: prospective long-term environmentally-cued, r(25) = .48, p = .011, retrospective short-term self-cued, 
r(25) = .45, p = .018, retrospective long-term self-cued, r(25) = .56, p = .002, and retrospective long-term 
environmentally-cued, r(25) = .50, p = .008. Reports of more frequent memory failures on these subscales were 
associated with higher ratings of perceived usefulness of the smartwatches. 
DISCUSSION 
Usability 
Participants gave relatively low usability ratings for the smartwatches overall. Participants gave SUS scores 
corresponding to “C” and “D” grades for the Galaxy Watch4 and Galaxy Active2, respectively, indicating that the 
overall usability of the smartwatches was average to slightly below average. This trend was consistent with the 
perceived ease of use subscale of the PUEU, where participants reported perceived ease of use scores at 
approximately 70% of the scale maximum for the Galaxy Watch4 and approximately 60% for the Galaxy Active2. 

Despite giving poor usability ratings for the smartwatches overall, participants seemed to respond more positively 
when it came to their main task with the smartwatch, which was to respond to the reminder notifications that 
appeared daily on the watch screen. Participants reported in the NASA TLX that the task demands were relatively 
low and required little effort, and they reported good performance on the task. This could suggest that poor ratings 
on the SUS may have originated from experiences with the smartwatches that participants had outside of 
responding to the reminder notifications. Notably, 11 out of the 16 participants who used the Galaxy Active2 
reported that at some point during their 10-day period with the smartwatch, the reminder notifications stopped 
appearing on the watch. No participants who used the Galaxy Watch4 reported this issue. It is possible that for 
participants who used the Galaxy Active2, responses were influenced by negative perceptions of the reliability 
and consistency of the reminder notifications.  

Examining relationships between participants’ perceptions of their memory and perceived usefulness of the 
smartwatches revealed some intriguing findings. Overall, as participants rated their memory more positively and 
memory failures as less frequent, the perceived usefulness of the smartwatches decreased. This is theoretically 
consistent with popular models of technology acceptance and adoption in which perceived usefulness is a major 
determinant. These results have important implications for smartwatch adoption; it is possible that individuals with 
more memory problems may be more likely to choose to use a smartwatch, as they may perceive them as being 
more potentially useful compared to individuals with fewer memory problems. However, it would be important to 
determine whether peoples’ perceptions of their memory problems are accurate. If an individual has memory 
impairments but doesn’t perceive it as a problem, they may not be interested in adopting a smartwatch. 

 Figure 1. Memory performance with error 
bars (one standard error above and below 
the mean) 
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Smartwatches as a prospective memory aid 
Overall, the smartwatches did not appear to have an effect on participants’ abilities to remember to complete the 
daily surveys. Comparisons within the WL Group revealed that there was not a significant difference in either the 
proportion of daily surveys completed or the ratings provided by participants before and after the introduction of 
the smartwatches. A comparison between participants in the WL Group without the smartwatches and 
participants in the Intervention Group also revealed no significant differences. Thus, the smartwatches did not 
serve as an effective PM aid above and beyond participants’ typical memory strategies. However, results might 
have been different if the sample included OAs with greater impairments experiencing more severe disability. 

CONCLUSIONS 
Overall, participants gave relatively low usability ratings for the smartwatches and reported a lack of consistency 
and reliability in the Galaxy Active2. Further, the smartwatches did not appear to make a difference in participants’ 
abilities to remember to complete the daily PM task. Thus, the smartwatches used in the present study, 
particularly the Galaxy Watch2, may not be the best fit for providing PM support for OAs with a diverse range of 
cognitive abilities. Findings provide important implications for the potential adoption of smartwatches by OAs with 
and without CIs. In particular, OAs’ perceptions of their memory may predict their perceived usefulness of 
smartwatches, an important motivator for adoption. Future work should examine the reliability and efficacy of a 
variety of smartwatches as potential PM aids for OAs with and without CIs and should investigate predictors of the 
adoption of smartwatches within this population.  
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