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Objective: This study evaluated the Labs Without Walls app and paired Apple Watch devices for remote research among Australian adults aged 18–84.



Methods: The study app, built using Apple's open-source ResearchKit frameworks, uses a multi-timescale measurement burst design over 8-weeks. Participants downloaded the app, completed tasks over 8 weeks, and wore Apple Watch devices. Feasibility was assessed by recruitment, remote consent, and data collection without training. Adherence was measured by task completion rates. Usability was assessed by response times, a post-study survey, and qualitative feedback.



Results: 228 participants (mean age 53, age range 18–84; 62.7% female) were recruited nationwide, consented remotely, and provided data. 201 (88.16%) completed the 8-week protocol. Task adherence ranged from 100% to 70.61%. Health, environmental, and sleep data were collected passively. Usability feedback was excellent, with 84% rating the app as “extremely” or “a lot” user-friendly, 88% finding alert frequency “just right,” and 95.7% finding the schedule manageable. Few age or sex differences were found.



Conclusions: The Labs Without Walls app and paired Apple Watch devices are user-friendly and enable adults aged 18–84 to complete surveys, cognitive and sensory tasks, and provide passive health and environmental data. The app can be used without formal training by males and females living in Australia, including older adults. Future iterations should consider gamification and strategies to improve daily-diary survey user experience.
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Introduction

ResearchKit, a software framework developed by Apple, allows researchers to create research apps for iOS devices. It provides a set of tools for building apps that can collect data from participants, such as survey templates, and pre-built cognitive and sensory tasks. ResearchKit easily integrates with HealthKit, allowing researchers to access health data from participants' iPhones and paired Apple Watch devices. Being open-source, researchers can also customise and extend ResearchKit to fit their specific needs. The rise of digital health has fundamentally transformed health promotion, offering innovative avenues for data collection and intervention delivery. Mobile technologies, like those supported by ResearchKit, are pivotal in this transformation, enabling researchers to reach diverse populations and gather rich, real-time data. This context highlights the growing importance of understanding the feasibility and acceptability of digital health tools in research. In this study, we used ResearchKit to create a research app, Labs Without Walls (1), to collect novel data on micro-longitudinal ageing processes among Australian adults aged 18–84.

Micro-longitudinal studies, which involve repeated measurements over various time scales (2–4), are essential for understanding human development across the lifespan. Lifespan developmental theories (5, 6) suggest that human development is a continuous process throughout life, with individual variations in developmental patterns. Mobile technologies, such as smartphones and watches, offer several advantages for conducting these studies, including improved accessibility, engagement, and temporal granularity (7–9).

Evaluating digital health interventions often begins with assessing feasibility, task adherence, and usability (10). These evaluations can identify methodological elements that are acceptable for different participants and contribute to data quality over time. Benchmarks for success can vary widely, influenced in part by wide variation in the nature, intensity and duration of digital health studies. For example, a review of participant engagement in mobile app interventions found an average overall study retention rate of 67.83% from 54 included studies (11). Study retention ranged from 14% in a mental health study among 348 participants across 12 weeks (12) to 100% retention in a weight loss study among 12 participants across four weeks (13).

The acceptability of research apps and wearables, including task adherence and usability, might vary by participant age or sex. While some studies suggest potential differences, the literature lacks evidence on age or sex differences in multi-timescale measurement burst designs among life-course samples over extended periods.

Demonstrating the acceptability of research apps built with ResearchKit is crucial. Despite age-related differences in digital literacy (14), research has shown that older adults can effectively use digital technologies. For example, a review by Wrzus and Neubauer (15) found no clear age-related trend in compliance rates in ecological momentary assessment (EMA) studies, though women were generally more compliant than men. This aligns with research on gender differences in conscientiousness (16). By demonstrating the acceptability of research apps and wearables across the lifespan, researchers can challenge stereotypes and expand the potential reach of research to hard-to-reach populations, including older adults and others who may not usually be included in research.

This study aims to evaluate the feasibility, adherence, and usability of the Labs Without Walls research app (1) and paired Apple Watch devices (Apple Inc) for studying micro-longitudinal processes among Australian adults aged 18–84 over an 8-week period.

We pre-registered the following hypotheses:


	•H1 (Feasibility, Adherence): Participants aged 18–84 years will be able to be successfully e-consented, able to input survey data through the Labs Without Walls research app, and have passive data collected using an Apple Watch (Apple Inc) over 8 weeks.

	•H2 (Usability): The user experience of the Labs Without Walls research app and Apple Watch (Apple Inc) will be rated as acceptable by research participants aged 18–years.





Materials and methods

This study was approved by the University of New South Wales Human Research Ethics Committee (approval number HC200792). The study design and hypotheses were preregistered on May 4, 2022, using Open Science Framework, before completing data collection. The study protocol is published elsewhere (1).


Participants

228 Australian adults (18–84) participated in the 8-week study using the Labs Without Walls app. Sample size was estimated based on thresholds of.05 (two-tailed) probability of rejecting the null hypothesis and power of.80, and a previous meta-analysis which estimated the odds ratio of subjective age (one of the primary interests of this broader project) impacting overall health to be 1.57 (17). G*Power determined a minimum sample size of 129. We over-recruited to account for covariates and potential attrition. Participants were recruited through social media, mailing lists, and volunteer databases. Eligible participants (aged 18–85, residing in Australia, owning an iPhone, not requiring text-to-speech to use iPhone) were invited to download the app. Non-responders were followed up with three attempts. Informed e-consent was obtained, and explicit permissions were required for passive data collection on health and environmental measures.



Design

As described in the study protocol (1), the research app was built for iOS using customised templates provided by Apple ResearchKit (Apple Inc). Amazon Web Services was used to host secure back-end data collection. All participants were provided with an Apple Watch Series 5 (Apple Inc) and Apple wired EarPods (Apple Inc) to use for the duration of the study. Participants returned the Apple Watch (but not the EarPods) at the end of the study, with postage paid for by the study team. Over eight weeks, participants completed a multi-timescale measurement burst protocol, including a baseline survey, repeated surveys on COVID-19 experiences, week-long daily survey sprints which explored daily subjective aging and gender expression, repeated game-like cognitive and sensory tasks, and an end of study usability survey. Participants also provided passively collected health and environmental data from the iPhone and Apple Watch (Apple Inc). Following the baseline survey, study tasks were intended to take no more than a few minutes per day to complete. Further details regarding the technical architecture of the app, study tasks and schedule are reported elsewhere (1).



Outcomes


Feasibility

Feasibility was assessed by the ability to remotely recruit a life-course sample, the location of participants indicating the ability to recruit from a wide geographic area, and overall completion rates. Our benchmarks were successful enrolment and retention of adults aged between 18 and 85 years, recruitment from a wider geographical area than traditional lab-based methods, and a completion rate of 68% or higher (11).



Adherence

Adherence was assessed by task completion rates and data completeness. Lower completion rates might indicate difficulty completing tasks in the context of their daily lives (18) or declining adherence over time (19). Incomplete health, environmental, or sleep data might indicate less compliance with the study protocol. Our benchmark for task adherence was 60% completion. We did not set specific benchmarks for passively collected data but anticipated higher completeness for daily behaviours and non-optional tasks.



Usability

Usability was assessed by task completion times, an end-of-study survey, and qualitative feedback. Our benchmark for task completion times was alignment with estimated times. For the survey, we aimed for 80% positive ratings for study schedule manageability, watch wearability, usability, alert frequency, and setup/charging ease. Qualitative feedback was sought for future iterations.




Statistics

Descriptive statistics (frequencies and percentages or means and standard deviations) were used to describe the characteristics of the sample, geographic spread of participants, study completion, task adherence, and the amount of health and environmental data collected from participants across study days. Survey and task completion times were presented as a median for the full sample, to avoid skew due to outliers (e.g., where a study survey remained open and incomplete for several hours). Due to a higher number of females than males in the study sample, Independent-samples Mann–Whitney U-tests were used to compare males and females on study outcomes. Linear regression analyses explored the relationship between age-in-years and continuous outcomes. Logistic regression explored the relationship between age and binary outcomes. To allow for possible non-linear effects of age, a quadratic age term was entered into each regression model. Pairwise deletion was used to account for missing data. All statistical analyses were completed using SPSS version 27 (20). Qualitative data provided by participants was reviewed and coded according to the topic(s) raised in each comment. Codes were then used to quantify the frequency of mentions of each topic, and illustrative comments were reported verbatim.




Results


Participants

As shown in Supplementary Figure S1, 500 participants expressed interest in joining the study between May 2021 and February 2023. Of those, 342 met our inclusion criteria and were invited to download the Labs Without Walls app and join the study. 228 participants provided study data. Sociodemographic characteristics are summarised in Table 1. The sample was more highly educated and included slightly lower rates of White adults than the general Australian population (21).


TABLE 1 Sociodemographic characteristics of the Labs Without Walls sample (N = 228).
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Location of participants

Participants were recruited from all but one of Australia's States and Territories, spanning the breadth of the continent. 2.65% joined the study from the Australian Capital Territory, 63.27% from New South Wales, 12.39% from Queensland, 4.87% from South Australia, 1.17% from Tasmania, 8.85% from Victoria, and 4.87% from Western Australia. Participants were mostly located in urban centres or regional coastal areas, reflecting Australia's population density.



General study completion

201 participants completed the Day 56 sprint survey, suggesting an overall study completion rate of 88.16%. A logistic regression analysis was conducted to examine the effect of age and its squared term on the likelihood of completing the final study day. Note, the Wald statistic reported below, calculated as the square of the ratio of the regression coefficient to its standard error, is used in association with p values to assess the statistical significance of the predictor variable (in this case, age). Neither age in years (B = 0.116, SE = 0.070, Wald = 2.754, p = .097, OR = 1.123), nor the age-squared term (B = -.001, SE = 0.001, Wald = .779, p = .377, OR = .999) were significant, suggesting that there was no linear or non-linear effect of age on likelihood of completing the day 56 survey. Males and females did not differ in the proportion who completed the Day 56 survey, χ2 = 2.44, p = .118.



Adherence


Surveys, cognitive and sensory tasks, and sprints

Figure 1 shows the percentage of the sample who completed each survey, cognitive and sensory task and sprint day. Adherence ranged from 100% for the baseline survey, to 70.61% for each of the Tone Audiometry tests.


[image: Figure 1]
FIGURE 1
Percent of Labs Without Walls Sample (N = 228) who completed each survey, cognitive task, sensory task, and sprint.




Apple watch, health, and environmental data

The percentage of the sample who wore an Apple Watch (Apple Inc) and provided health and environmental data is presented in Figure 2. Watches were worn for a median of 55/56 days (range 0 to 56 days) and for an average 16.76 h (SD = 5.38) on the days worn. Over the course of the 8-week study, the percentage of the sample who wore the watch each day fluctuated from 96.05% (n = 219) on Day 1, to 79.39% (n = 181) on Day 56.


[image: Figure 2]
FIGURE 2
Percent of the total Labs Without Walls sample (N = 228) who wore the Apple Watch and provided health and environmental data per study day.


Independent-samples Mann–Whitney U-tests revealed that males and females did not differ in the median number of days that the watch was worn, standardised U = 1.844, p = .260, or the median number of hours that the watch was worn per day, standardised U = −.013, p = .989.

Separate linear regression analyses were conducted to explore the relationship between a) total number of days the watch was worn, and b) total number of hours worn per day and age, including a quadratic term to account for potential non-linear effects of age. Only the regression model predicting total number of days the watch was worn was significant, F(2, 227) = 15.714, p < .001, and accounted for approximately 12.3% of the variance in user satisfaction (R2 = .123). Age in years was a significant predictor, β = 1.097, t(227) = 3.936, p < .001. The positive coefficient suggests that higher age was associated with higher number of days wearing the Apple Watch. The quadratic age term was also significant, β = −0.009, t(227) = −3.200, p = .002, indicating a non-linear relationship between age and number of days wearing the watch showing that the positive relationship between age and days of wear diminishes at higher ages (see Supplementary Figure S2). Age did not predict the average number of hours that the watch was worn each day.



Sleep tracking

132 participants provided sleep tracking data. Excluding those who did not provide sleep data, sleep was tracked for a median of 7.00 nights (M = 8.59, SD = 7.13, range 1–36 nights). Independent-samples Mann–Whitney U-tests showed that males and females did not differ in the median number of days that sleep was tracked, standardised U = .319, p = .750. Linear regression was conducted to explore the relationship between the number of nights that sleep was tracked and age. Neither age in years [β = −.181, t(227) = −1.257, p = .210] or the quadratic age term [β = .001, t(227) = .810, p = .419] were significant.



Usability

Median completion times for surveys and active tasks were as expected (see Supplementary Table S1). 183 participants started the optional end of study usability module, and 180 provided complete data regarding usability. Figure 3 summarizes the usability feedback. Most of the sample reported that the assessment schedule was manageable in the context of their daily life, and that they wore an Apple Watch (Apple Inc) during the study. Due to a lack of variability in these responses, we were not able to look for age or sex differences in these variables.
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FIGURE 3
Usability feedback on the Labs Without Walls study, as a percentage of participants who endorsed each response option.


As shown in Supplementary Table S2, Independent-Samples Mann–Whitney U-tests showed that the distribution of responses to usability questions were the same for males and females for most items rated. However, males and females differed in the frequency of responses to two items: The comfort of the Apple Watch (which was rated as slightly more comfortable by a higher proportion of males), and difficulty charging the Apple Watch (which was rated as marginally more difficult by males).

Separate linear regression analyses were conducted to explore the relationship between usability outcomes and age. Only the regression model predicting perceptions of the frequency of alerts was significant, F(2, 178) = 7.076, p = .001, and accounted for approximately 7.4% of the variance in user satisfaction (R2 = .074). Age was a significant predictor, β = 0.23, t(178) = 2.390, p = .018 such that higher age was associated with slightly greater satisfaction with the frequency of alerts. The quadratic age term was not significant, β = −0.00, t(178) = −1.854, p = .065. Age did not predict any other usability outcome.



Summary of qualitative feedback on the study

122 participants provided an optional typed response when asked if they had any other feedback they would like to share regarding the study. Of those, 24 provided comments on the study devices, including the iPhone and/or Apple Watch (Apple Inc).

11 participants noted difficulty completing tasks or surveys based on device characteristics,


Some tasks were not really suitable for phones with a smaller screen (I have an iPhone 7)




I found the fine motor task didn't work particularly well on my phone for some reason. Really enjoyed everything else though!



Three participants also noted that the Apple Watch required charging more often than expected,


I found the watch ran out of charge a bit often.



12 participants commented on a potential or experienced technical issue. Of the specific technical issues mentioned, five participants experienced minor display issues with the custom keyboards used to respond to some survey questions or active tasks,


The correction button wasn't visible so if a typo occurred the task had to be cancelled & restarted.



Two participants experienced an issue with the sleep tracking,


Not sure why but the sleeping tracker didn't work. I accepted and then later that day it said it was finished.



27 comments mentioned cognitive or sensory tasks. Six participants noted how much they enjoyed the cognitive and sensory tasks,


All the activities were so fun!



However, 13 participants noted difficulty with the Tower of Hanoi (disk stacking) task, or the 9-hole peg task,


I didnt understand what to do in the disc stacking task. Ive done similar things in the past without a problem. But this one had me stumped.




Some tasks required getting the technique using a phone right first (e.g., the pinching and moving the dot).



48 comments addressed the surveys. Most noted was the repetitious daily surveys within the survey sprints, which 37 of those who commented found to be monotonous, irritating, or boring.


Doing the surveys became really repetitive, as they were the same questions for days on end.



A small number of participants provided feedback on specific survey inclusions, such as


…mood options were limited.




I enjoyed it and was intrigued by the two survey questions that involved gender and did not seem to fit with the idea of perceptions of aging.



21 comments offered suggestions for future content inclusions. Suggestions included:

The ability to add contextual comments on days with a scheduled survey or task,


The option to explain some answers may be useful. For example my first hearing test was effected by a fire alarm. Survey results effected yesterday by a reaction to COVID vaccination



The addition of definitions for core constructs of interest,


Some definition of terms would have been helpful in the survey to ensure reporting on what the researcher wants



The ability to pause the schedule or reset the schedule to an earlier point if interrupted for a block of days,


I was in a mobile/internet black spot for 10 days. I would have liked to rewind back to that block to allow me to fully participate



And the provision of personalised results following surveys or tasks,


Results on each of the tests. Ie you do/do not have colour vision issues, hearing is better in left or right.



Two participants lamented the lack of face-to-face contact with the research team. For one participant, the…


Lack of any face to face researcher/subject meeting meant lack of commitment to study.



38 participants shared positive feedback and/or notes of thanks.





Discussion

This study evaluated the feasibility, adherence, and usability of the Labs Without Walls research app and paired Apple Watches for 8-week remote micro-longitudinal research. We found strong evidence that this approach is feasible and effective. This supports the growing use of Apple's ResearchKit for cost-effective and accessible app-based research [e.g. (7, 22)]. Our ability to remotely recruit a diverse sample of adults across Australia, including older adults, demonstrates the potential of mobile technologies to reach hard-to-reach participants, regardless of age or location, and is in-line with global research showing that digital research participation is acceptable to people of a range of ages [e.g., (23)].

The 88.16% study completion rate exceeds the average reported in a recent review (11). Despite a large sample and intensive 8-week period, strategies like customizable task notifications likely boosted retention. Age and sex did not impact completion rates, contrary to some previous research that has shown higher completion rates among females compared to males (15).

Adherence ranged from 100% for the baseline survey to 70.61% for Tone Audiometry tests. In-line with advice from Broekhuis et al. (18), poorer adherence for these tests may be due to their longer duration and specific testing requirements. However, all tasks exceeded the 60% completion benchmark. While there was a slight decline over 8 weeks, it was less substantial than in other longer studies [e.g., (19)].

As anticipated, completeness of passively collected health and environmental data varied depending on the frequency of the behaviours being measured. Completeness was excellent for many measures across the full 8-week schedule, including greater than 80% completeness on each study day for wearing the Apple Watch (Apple Inc), active and basal kilijoules, resting heart rate, heart rate variability, and step count. Completeness was lower for measures that required dedicated periods of specific activities (e.g., walking speed, walking assymetry, walking heart rate, and stairs climbed). The poorest completeness was seen for stair ascent and stair descent speeds—the least regular of physical activity patterns studied. Future studies should consider the impact of behaviour regularity on missing data in ambulatory assessment studies. The optional sleep week had a 57.89% completion rate, with no age or sex differences. Future studies should consider lower completion rates for optional elements when planning sample sizes.

The usability ratings were extremely positive. 95.7% of participants found the intensive schedule manageable. This is similar to previous research with smaller, age-restricted samples and less intensive testing schedules [e.g., (24)]. The app was rated user-friendly and enjoyable, and 88% found the alert frequency “just right”. Over 98% wore the Apple Watch, with most reporting no setup or charging difficulties. However, improving support for less tech-savvy participants is an opportunity.

A significant proportion of participants reported increased physical activity due to wearing the Apple Watch. While Labs Without Walls was designed as an observational study, providing the watch may have unintentionally influenced behavior. Longer studies may find that there is an initial increase in activity followed by a return to baseline for most people, however, research is needed to explore this hypothesis. Alternatively, future studies could seek to recruit participants who already own and use an Apple Watch into their research studies. Doing so would reduce or remove the novelty associated with the devices which we believe was the reason for the increased activity in the current study, while also lowering the cost of conducting similar research by removing the need for device purchase and/or postage.

We recommend open-ended feedback as a core element of usability testing in future studies. In this study, participant feedback highlighted opportunities for improvement. Among the most prominent constructive feedback was that participants found the repeated daily surveys to be monotonous. In hindsight, this is understandable given that the questions each day were the same for 7 days at a time, with only a brief justification provided to participants for why the questions were being asked. This daily-diary style approach was important to be able to answer our research questions, however, future research may be able to disrupt the perceived monotony by reducing the overall length of daily surveys and providing greater transparency to participants about the purpose of the sprints which may increase their perceived value and thereby decrease boredom. We note that future research would likely benefit from consultation with community members regarding survey and task scheduling and approaches to improving interest in repetitive aspects of research apps prior to launching full scale data collection.

Qualitative feedback also suggested that participants' experiences of the app as well as data quality could be impacted by device screen size and characteristics of certain active tasks. For example, several participants who joined the study with smaller iPhone devices (e.g., iPhones 6 and 7) found some of the game-like tasks difficult to complete on the smaller screens. This appears to be particularly true for tasks that involved using the touch screen function in a precise way (such as the Tower of Hanoi or the Hole Peg task, both pre-built within Apple's ResearchKit). Future remote research that aims to include such active tasks may benefit from recruiting participants who own iPhones with larger screens.

While the open-source resources provided by Apple's ResearchKit lowered the cost to conduct the study (compared to developing an app from the ground up), there were still considerable additional costs including additional iOS development, return-paid postage of study devices, and cloud storage of study data. Now that the Labs Without Walls app is built and validated as an acceptable research tool, it offers a scalable and relatively cost-effective means of conducting high volume remote research.

Finally, we also acknowledge the inherent selection bias in this study which results from offering a research app that is not compatible with Android devices. There were several important considerations that guided the decision to develop the app for iOS and not Android or both. First, iPhones are the most common smartphone device in the Australian market (25). Second, developing apps is expensive, and associated costs can more than double once you consider developing for both iOS and Android. In this case, developing for iOS was the most cost effective option given the availability of open-source ResearchKit tasks (26) which substantially reduced development time—particularly for the game-like cognitive and sensory tasks we administered from the ResearchKit library—and a grant of Apple Watch devices (Apple Inc) which can be more seamlessly integrated with an iOS app. Additionally, there is evidence for response latency differences across operating systems and devices, which is particularly evident among Android devices given the much greater variability in device manufacturers (27). This calls into question the current comparability of performance across devices on some tasks. There is no doubt that technological innovations in the coming years will remediate some of the concerns above and make it more feasible to build and administer research apps that are equivalent across both iOS and Android devices. We believe this will be an important future step in improving the accessibility of app- and wearable-based research.



Conclusion

This study provides strong evidence for the feasibility, adherence, and usability of the Labs Without Walls research app and paired Apple Watch devices. By addressing challenges and incorporating participant feedback, future research can further enhance the accessibility and impact of app-based studies in the field of aging research.
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