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Abstract

Background: Smartwatch-based ecological momentary assessment (EMA) methods have previously been developed to
minimise participant burden and maximise engagement and compliance. In this study we explore the feasibility of using these
smartwatch-based EMA methods to capture longitudinal, high temporal density self-report data about alcohol consumption in a
non-clinical population selected to represent high and low Social-Economic Position (SEP) groups.

Objective: To assess the feasibililty of using smartwatch-based ecological momentary assessment methods to capture self-report
data about alcohol consumption.

Methods: Thirty-two participants from the Avon Longitudinal Study of Parents and Children (13 high, 19 low SEP) wore a
smartwatch running a custom-developed EMA app for 3 months between Oct 2019 and June 2020. Every day over a 12 week
period, participants were asked five times a day about any alcoholic drinks they had consumed in the previous two hours, and the
context in which they were consumed. They were also asked if they had missed recording any alcoholic drinks the day before. As
a comparison, participants also completed fortnightly online diaries of alcohol consumed using the Timeline Followback (TLFB)
method. At the end of the study participants completed a semi-structured interview about their experiences.

Results: The compliance rate for all participants who started the study for the smartwatch ?EMA method decreased from around
70% in week 1 to 45% in week 12, compared with the online TLFB method which was flatter at around 50% over the 12 weeks.
The compliance for all participants still active for the smartwatch ?EMA method was much flatter, around 70% for the whole 12
weeks, while for the online TLFB method it varied between 50% and 80% over the same period. The completion rate for the
smartwatch ?EMA method varied around 80% across the twelve weeks. Within high and low SEP groups there was considerable
variation in compliance and completion at each week of the study. However, almost all point estimates for both smartwatch
EMA and online TLFB indicated lower levels of engagement for low SEP participants. All participants scored ‘experiences of
using’ the two methods equally highly, with ‘willingness to use again’ slightly higher for smartwatch EMA.

Conclusions: Our findings demonstrate the feasibility and acceptability of using smartwatch EMA methods for capturing alcohol
consumption. These methods have the benefits of capturing higher temporal density, longitudinal data on alcohol consumption,
with greater participant engagement and less missing data, and with the potential to be less susceptible to the recall errors than
established methods such as TLFB. Future studies should explore the factors impacting participant attrition (the biggest reason
for reduced engagement), and the validity of alcohol data captured with these methods. The consistent pattern of lower
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engagement in low SEP than high SEP participants indicates further work is also warranted to explore the impact and causes of
these differences.
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Abstract

Background: Smartwatch-based  ecological  momentary  assessment  (EMA)  methods  have
previously  been  developed  to  minimise  participant  burden  and  maximise  engagement  and
compliance. In this study we explore the feasibility of using these smartwatch-based EMA methods
to capture longitudinal, high temporal density self-report data about alcohol consumption in a non-
clinical population selected to represent high and low Social-Economic Position (SEP) groups.

Methods: Thirty-two participants from the Avon Longitudinal Study of  Parents and Children (13
high, 19 low SEP) wore a smartwatch running a custom-developed EMA app for 3 months between
Oct 2019 and June 2020. Every day over a 12 week period, participants were asked five times a
day about any alcoholic drinks they had consumed in the previous two hours, and the context in
which they were consumed. They were also asked if they had missed recording any alcoholic drinks
the day before. As a comparison, participants also completed fortnightly online diaries of alcohol
consumed using  the Timeline  Followback  (TLFB)  method.  At  the  end  of  the  study  participants
completed a semi-structured interview about their experiences. 

Results: The compliance rate for all participants who started the study for the smartwatch EMA
method decreased from around 70% in week 1 to 45% in week 12, compared with the online TLFB
method which was flatter at around 50% over the 12 weeks. The compliance for all participants still
active for the smartwatch  EMA method was much flatter, around 70% for the whole 12 weeks,
while  for  the online TLFB method it  varied between 50% and 80% over the same period.  The
completion rate for the smartwatch  EMA method varied around 80% across the twelve weeks.
Within high and low SEP groups there was considerable variation in compliance and completion at
each week of the study. However, almost all point estimates for both smartwatch EMA and online
TLFB  indicated  lower  levels  of  engagement  for  low  SEP  participants.  All  participants  scored
‘experiences of using’ the two methods equally highly, with ‘willingness to use again’ slightly higher
for smartwatch EMA.

Conclusions: Our findings demonstrate the feasibility and acceptability of using smartwatch EMA
methods for capturing alcohol consumption. These methods have the benefits of capturing higher
temporal density,  longitudinal data on alcohol consumption,  with greater participant engagement
and  less  missing  data,  and  with  the  potential  to  be  less  susceptible  to  the  recall  errors  than
established methods such as TLFB. Future studies should explore the factors impacting participant
attrition (the biggest reason for reduced engagement), and the validity of alcohol data captured with
these methods. The consistent pattern of lower engagement in low SEP than high SEP participants
indicates further work is also warranted to explore the impact and causes of these differences. 
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Introduction

Ecological Momentary Assessment (EMA) refers to a class of methods in which people are asked to
answer questions about specific aspects of their health, feelings and behaviours as they go about
their normal lives. As individuals typically complete these assessments throughout the day, rather
than completing a survey and having to remember details from days or weeks ago, recall errors are
significantly reduced1. One domain in which EMA methods have been used extensively is the study
of  modifiable  health  behaviours,  including  physical  activity,  diet,  tobacco  smoking,  and  alcohol
consumption2.  The  benefits  of  EMA methods  are  particularly  important  for  measuring  alcohol
consumption. Commonly used questionnaires and diary-based methods are known to suffer from
systematic biases towards underreporting, capturing somewhere between 20% and 60% of the true
level of  consumption3,4,  with retrospective recall  bias being a major factor5.  Furthermore,  recent
studies have highlighted the importance of both longitudinal measures of alcohol consumption in
order  to  help  us  explore  relationships  between  alcohol  consumption  and  conditions  such  as
depression6, and high temporal resolution measures of alcohol consumption to enable exploration of
factors such as subjective responses (feeling of stimulation, feeling of sedation, liking the effects of
alcohol, wanting more alcohol) in heavy drinkers in natural environments7. There is, therefore, a
need for EMA methods that can be used to capture high temporal density measures of alcohol
consumption over extended periods of time. 

In response to the increased adoption of mobile and wearable technologies, EMA methods have
been adapted for use on smartphones, and more recently, smartwatches. For smartwatch-based
EMA methods, a particular area of focus has been reducing participant burden, so that even more
frequent sampling over longer periods can be tolerated. Smartwatches are worn on the wrist so they
are never beyond reach, which reduces time to access the device and respond to prompts. Also,
because they are worn against the body, they enable the use of potentially more discrete haptic
prompts for  responses.  One smartwatch EMA method aiming to minimise participant  burden is
microinteraction-based EMA (EMA), which reduces prompts to brief questions with a limited set of
answers that can be responded to with a single tap multiple times a day8. When compared with
smartphone-based EMA over a 4 week period, smartwatch-based EMA had better performance in
terms of compliance rates (defined as the percentage of all scheduled prompts to which participants
responded,  regardless  of  the  success  of  prompt  delivery:  82% v  64%),  and  completion  rates
(defined as the percentage of scheduled prompts actually delivered to the participant to which they
responded: 92% v 67%)8. 

Having demonstrated high levels of engagement in these initial 4 week explorations of smartwatch-
based  EMA, the approach was subsequently used to capture self-report measures over longer
periods in various settings. Beukenhorst and colleagues9 explored the use of smartwatch-based
EMA methods in participants with osteoarthritis of the knee to capture self-report measures of pain
and quality of life 4 or 5 times a day over 3 months. The compliance rate across all participants
ranged from around 85% at the beginning of the study to around 30% at the end of the 3 months.
The authors suggested the reduction over time was largely a result of participant attrition, possibly
driven by technical factors including poor watch battery life.  Considering just active participants,
compliance remained above 75% throughout the 3 months. Ponnada and colleagues10 explored
using the same smartwatch-based EMA methods for capturing self-report data of physical activity
and affect in young adults over an even longer timeframe of 12 months. Preliminary findings at 6
months (when the authors published interim results  of  the then-unfinished study)  report  overall
compliance of  rate 67%, and completion  rate of  79%10.  These findings suggest  that  while  it  is
necessary  to be mindful  of  technical  issues that  can lead to attrition,  smartwatch-based  EMA
appears to be a viable method for collecting high temporal resolution self-report data over extended
timeframes.

In terms of  the effect  of  sample characteristics on EMA study compliance,  a number  of  recent
studies have reported mixed findings for age and sex11-13. One sample characteristic not explored as
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extensively  is  socio-economic  position  (SEP).  For  studies  of  alcohol  use,  SEP is  of  particular
importance as there are known to be complex relationships between SEP, alcohol consumption and
health outcomes (the ‘alcohol harm paradox’), in which individuals are more likely to have drank in
the past week and drank 6 units of alcohol or more in one drinking episode if they are a high-income
earning managerial/professional worker14,15, but individuals with lower individual or neighbourhood
SEP  have  an  increased  susceptibility  to  the  negative  and  harmful  health  effects  of  alcohol
consumption16,17.  Understanding  if  SEP has  a  systematic  effect  on  engagement  with  any  new
methods measuring alcohol use is therefore clearly important.

The objective of this study was to explore the feasibility of using smartwatch-based EMA methods
for the capture of high resolution self-reported data about alcohol use over extended periods of
time. We asked participants to use a smartwatch-based EMA system to record self-reported data
about alcohol use and the context in which alcohol was used six times a day over a 3-month period.
For comparison, we also asked all participants to record their alcohol use every two weeks using an
online  version of  one  of  the  currently  most  established  methods  for  capturing  data  on alcohol
consumption, the timeline followback (TLFB) method. We report engagement metrics (compliance
and  completion)  for  both  smartwatch  EMA  and  TLFB  methods.  Qualitative  experiences  of
participants (gathered in interviews at the end of the study) focused primarily on smartwatch EMA
are  reported  for  all  participants,  and  for  high  and  low  SEP  groups.  Finally,  in  line  with
recommendations from a recent evaluation of pressing issues in EMA studies18, we also report the
characteristics of missing data for the smartwatch EMA for all participants and high and low SEP
groups, to explore whether SEP impacts the nature of missing data in a systematic manner.
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Methods

Study overview

The design and analyses of the study followed those detailed in the pre-registered study protocol19.
Any deviations from the study protocol are detailed in the following sections. An overview of the
study  elements,  with  their  timings  throughout  the  study  is  shown  in  Figure  1.  Data  collection
happened between September 2019 and June 2020.

Figure 1. Overview of study elements with timings

Ethical approval

Ethical approval for the study was provided by the Avon Longitudinal Study of Parents and Children
(ALSPAC) study Law and Ethics Committee (reference: 83643).

Participants

Participants were recruited from the first generation of children born in the ALSPAC study (ALSPAC-
G1). During Phase I of ALSPAC enrolment, 14,541 pregnancies in the former Avon Health Authority
in  the  south-west  of  England  with  expected  dates  of  delivery  between  1  April  1991  and  31
December 1992 were recruited. Of these initial pregnancies, there was a total of 14,676 foetuses,
resulting in 14,062 live births and 13,988 children who were alive at 1 year of age. A further 906
pregnancies were recruited during Phases II, III and IV respectively, resulting in an additional 913
children being enrolled. The total sample size is 15,447 pregnancies, of which 14,901 were alive at
1 year of age. 

Further details on the cohort profile, representativeness and phases of recruitment are described in
three cohort-profile papers.20-22 

The ALSPAC study website www.bristol.ac.uk/alspac/ contains details of all the data that is available
through  a  fully  searchable  data  dictionary  and  variable  search  tool
(http://www.bris.ac.uk/alspac/researchers/our-data/). Informed consent for the use of data collected
via questionnaires and clinics was obtained from participants following the recommendations of the
ALSPAC Ethics and Law Committee at the time. 
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Study data were collected and managed using REDCap electronic data capture tools hosted at the
University of Bristol. REDCap (Research Electronic Data Capture) is a secure, web-based software
platform designed to support data capture for research studies26.

Participants were selectively recruited by SEP using maternal highest education achievements, with
those whose mothers had a degree or higher level of attainment recruited to the high SEP group,
and those whose mothers had educational attainment less than degree level recruited to the low
SEP group. 

Inclusion criteria were:

 Consume at least 6 units of alcohol per week.
 Be able to wear and use smartwatch from 12:00 noon until 22:00 in the evening (the timings of

questions in the current version of the smartwatch system cannot be altered to accommodate
shift work, etc) 

 Have access to the Internet to complete the TLFB assessments.

Exclusion  criteria  (standard  exclusion  criteria  used  in  alcohol  studies  to  prevent  harm during
pregnancy and to those at risk of addiction) were:

 Pregnant or breast-feeding (self-reported). Note that if a participant becomes pregnant during
the study, they must withdraw from the study at this point. 

 History of alcohol or drug addiction (self-reported).
 Strong familial history of alcoholism defined as one or more immediate relative (parent, sibling)

or more than one other relative (e.g., cousin, grandparent) (self-reported).

Clinic visits

All participants began the study with a visit to an ALSPAC clinic. In this session (approximately 1
hour in duration) participants; 

 were given details of the study and provided written consent, 
 were  given  the  smartwatch  and  shown  how to  use  the  EMA application  and  maintain  the

smartwatch (including instructions on keeping it charged, not getting it wet, and removing before
contact sports), 

 were given instructions on how to use the online TLFB diary, provided with logon details, and
asked about any events (e.g. birthdays, nights out, etc) that should be entered to the diary as
reminders,

 provided with contact details of who to call if they encountered any issues during the study.

Participants completed a second clinic visit at the end of the study. In this session (approximately 30
minutes) participants; 

 returned the smartwatch, 
 completed a brief semi-structured interview about their experiences using the smartwatch and

online TLFB diary led by the researcher, 
 provided written final consent, 
 were given their cash reimbursement. 

13 participants (8 low SEP, 5 high SEP) completed the second clinic visit in person. 
Covid-19 restrictions then meant the remaining 19 participants (11 low SEP, 8 high SEP) completed
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their second clinic visit remotely. In these remote clinic sessions participants were interviewed by
ALSPAC  researchers  by  telephone,  and  arrangements  were  made  for  the  smartwatch  to  be
collected from their home by courier. 

All participants were reimbursed £15 in shopping vouchers for each of the three months of the study
they completed,  with a bonus £15 if  they completed all  three months, so a total  of  £60 if  they
completed three months. 

Smartwatch data collection

We developed a bespoke EMA smartwatch application, which incorporated the elements proposed
by Intille et al8 for reducing participant burden, including using haptic rather than audible prompts to
minimise  disruption,  and  keeping  questions  brief  with  a  limited  set  of  answers  that  can  be
responded to with a single tap to reduce the effort required to respond.

To optimise the design of our app we worked closely with the ALSPAC Original Cohort Advisory
Panel (OCAP) – a committee representing the variety of backgrounds and opinions of ALSPAC
participants. Using a think aloud approach, panel members walked through the  EMA application
and articulated any issues with the visual  design,  wording,  and navigation of  the application.  A
number  of  common  themes  were  identified,  which  led  to  the  implementation  of  the  following
changes in the final design of the EMA application:

- The introduction of the ‘My usual’ short-cut to speed up the recording of alcoholic drinks that are
the same type, quantity and context.

- The introduction of the ‘Back’ option so participants could go back and correct previous entries
in the current epoch.

Participants were provided with a TicWatch C2 smartwatch running Android Wear 2.6, onto which
was loaded our EMA application.

At five timepoints (14:00, 16:00, 18:00, 20:00 and 22:00) every day of the study participants were
asked about any alcoholic drinks they had consumed in the past 2 hour period, and the context of
these drinking events. At each timepoint, the following set of questions and response options were
presented to the participant:

Q1: Did you drink alcohol in the last two hours? Response options [Yes| No | My Usual*].
Q2: What were you drinking? Response options [Beer/cider | Wine | Spirits ].
Q3: What size was your drink? Response options: Beer/cider: [Half pint | 330 bottle | Pint], Wine:
[125ml | 175ml |250ml], Spirits: [Single | Double | Free pour].
Q4: Who were you with? Response options [Alone | In company].
Q5: Where were you? Response options [At home | Elsewhere].
Q6 Any more alcoholic drinks to be recorded? Response options [Yes | No | My Usual*].
  
*On the first day of the study participants were asked if they wanted to set up a ‘My Usual’ short cut
to simplify entering data about their mostly frequently consumed alcoholic drink. If they selected this
option they were asked questions 2 - 5 to specify their usual drink. Then whenever they selected
‘My Usual’, those drink details were recorded for that timepoint.

Examples of these questions rendered in our  EMA application are shown in Figure 2. The full
sequencing of the questions is illustrated in Figure S1 in Supplementary Materials.
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Figure 2. Example smartwatch EMA application questions 

In addition to the questions throughout the day, participants were also asked at 12:00 every day if
they had missed recording any drinks the previous day.  If they responded Yes, they were asked
about those drinks using the same set of questions above.

Participant data was stored on the smartwatch device itself rather than uploaded to a cloud-based
store  to  minimise  the  risk  of  loss  of  personal  data.  Given  the  corresponding  lack  of  remote
monitoring, to mitigate the risk of technical issues stopping data collection without our knowledge
during the data collection period we swapped smartwatches at the end of month 1 and month 2.
However, Covid-19 restrictions meant this was not possible for 15 participants (7 low SEP, 8 high
SEP), and they were instead instructed to continue using their current smartwatch until the end of
the study. 

Online data collection

The Timeline Followback method uses a calendar populated in advance with participant defined
diary  entries  (e.g.  birthdays,  theatre,  nights  out)  to  aid  recall  of  alcohol  consumption.  Online
methods for the self-administration of TLFB have been validated23, and previous studies suggest 14
days is optimum length for balancing quality of data captured and participant burden24, so we asked
participants to complete an online TLFB every 14 days recording their alcohol consumption in the
previous two weeks. 

We implemented TLFB using RedCAP25, which was hosted on the ALSPAC application platform.
Participants were given a five-day window to complete each TLFB two week entry and sent text
message reminders to complete their entry at the beginning of the five day window. In each two-
week entry participants indicated how many units of alcohol were consumed every day. Note that
participants cannot view data captured in the smartwatch EMA application in order to use this to
complete the TLFB. In keeping with standard practice for TLFB, no context questions were asked.
The format of the TLFB diary entry screen is shown in Figure S2 in Supplementary Materials. 

Interviews

In the second clinic session at the end of the study (either in person or remotely by telephone) each
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participant completed a semi-structured interview exploring their experiences in the study.

For both smartwatch EMA and online TLFB methods participants were asked:

Q1/6: Overall, how would you rate your experience of using the smartwatch/online system during
the study, on a scale from 1 (I didn’t like it at all) to 10 (I really liked it)?
Q2/7: If  you were asked to use the smartwatch/online system again in another study, how likely
would you be to say yes, on a scale from 1 (I wouldn’t want to use it again) to 10 (I’d really like to
use it again)?
Q3/8:  If  you  agreed  to  use  the  smartwatch/online  system  again  in  another  study,  what’s  the
maximum length of time you’d be willing to use it for?
Q4/9: What things did you like about using the smartwatch/online system?
Q5/10: What things did you dislike about using the smartwatch/online system?

Participants  were  asked  additional  questions  specifically  about  their  experiences  using  the
smartwatch EMA system:

Q11: How did you feel about having to charge the smartwatch every night?
Q12: Did you use any of the other functions on the smartwatch during the study (e.g. step counter,
etc)?
Q13: Did you pair the smartwatch with any smartphones during the study?

Participants were also asked about their attitudes towards future developments of the smartwatch
EMA system:

Q14: How would you feel if the smartwatch system used data from its motion sensors to work out
when the best time is to ask you the questions (e.g. so it doesn’t ask you questions when you’re
driving)?
Q15: How would you feel if the smartwatch system used data from its GPS location sensor (which
tells the watch where the person is) to work out when the best time is to ask you the questions (e.g.
so it doesn’t ask you questions when you’re at work)?

Engagement measures

In terms of reporting engagement we follow the approach used by Intille and colleagues8. We report
compliance rates (defined as the proportion of scheduled questions to which participants respond)
both across all participants who started the study, and for participants still active in the study. This
enables us to explore whether a drop off in compliance is driven by attrition or some other factor.

In addition, for smartwatch EMA we report completion rate (defined as the proportion of questions
delivered to active  participants by the  EMA application to which they  respond).  This  helps  us
understand  whether  failure  to  respond  is  driven  by  factors  that  prevent  the  questions  being
delivered (e.g. the smartwatch being switched off or the battery flat) or participants’ propensity to
respond  to  questions  that  are  presented.  Completion  rate  is  not  reported  for  online  TLFB  as
questions were not actively presented to participants, so there is no notion of prompts that were or
were not delivered to participants. 

For all measures we report these for all participants, and for low and high SEP groups.
Missing data

We explored  whether  prompts  were  more  likely  to  be  missed  at  certain  times  of  the  day  by
comparing rates of missingness across 2-hour epochs. We also explored whether prompts were
more likely to be missed on certain days of the week, using the same approach. Again, we did this
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for all participants and for low and high SEP groups.

Results

Participants

Our original aim was to recruit 40 participants (20 low SEP, 20 high SEP). Covid-19 restrictions
meant recruitment had to be halted prematurely in March 2020, at which point 32 participants had
been recruited. 13 were high SEP (mean age 27, range 26-28, 7 female = 54%) and 19 were low
SEP (mean age 28, range 26-28, 13 female = 68%).

Engagement

Figure 3 shows the compliance rate for all participants who started the study for the smartwatch
EMA and online TLFB methods. Figure 4 shows the compliance rate for all participants still active
in the study (i.e. those that have not dropped out yet) for the smartwatch EMA and online TLFB
methods. Figure 5 shows completion rate for all participants still in the study for the smartwatch
EMA method (not appropriate for TLFB methods as described above). Figure 6 shows participant
attrition rate (percentage of participants still actively participating) for smartwatch EMA and online
TLFB methods.
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Figure 3. Smartwatch EMA (top) and TLFB (bottom) compliance rates (mean and 95%CI) across
all participants who started the study, for all (black solid line), high SEP (red dot dash line) and low
SEP (blue dashed line) participants.
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Figure 4. Smartwatch EMA (top) and TLFB (bottom) compliance rates (mean and 95%CI) across
all participants still active in the study for all (black solid line), high SEP (red dot dash line) and low
SEP (blue dashed line) participants.
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Figure 5. Smartwatch EMA completion rate (mean and 95%CI) for all (black solid line), high SEP
(red dot dash line) and low SEP (blue dashed line) participants.

Figure 6.  Participant  attrition for  smartwatch  EMA (circles)  and online TLFB (diamonds) for  all
(black solid line), high SEP (red dot dash line) and low SEP (blue dashed line) participants.

Qualitative feedback
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All  participants  completed  interview  questions  about  both  online  and  watch  methods  for  data
collection. Participants’ responses to the questions ‘How would you rate your experience of using
the smartwatch EMA/online TLFB from 1 (did not like) to 10 (really liked)?’, ‘How willing would you
be to use the smartwatch EMA /online TLFB again in another study from 1 (would not) to 10 (really
like to)?’, and ‘How long would you be willing to use it for (in months)?’ are shown in Table 1.

Table 1. Participants’ ratings of the extent to which they liked using, would be willing to use again,
and for how long, for the smartwatch  EMA (Watch) and online (TLFB) methods (medians with
interquartile ranges).

All SEP Low SEP High SEP
Watch TLFB Watch TLFB Watch TLFB

Experience of
using

8 (6-8) 7 (6-8) 8 (6-8) 7 (5-9) 8 (7-8) 8 (5-8)

Willing to use
again

10  (7-
10)

8 (7-10) 10 (7-10) 9 (7-10) 9 (6.5-10) 8 (6-10)

How long for
(months)?

3  (3-
12)

4 (3-12) 6 (3-12) 6 (3-12) 3 (2-5) 3 (2-5)

From participants’ responses to questions ‘What things did you like and dislike about using the
smartwatch system?’ distinct  and recurrent  (i.e.  mentioned by two or participants)  themes were
identified, and are shown in Table 2, grouped by SEP. The equivalent for the online TLFB system is
shown in Table S1 in supplementary materials. Also shown in Table 2 are participants’ responses to
the questions ‘How did you feel about having to charge the smartwatch every night?’, ‘Did you pair
the  smartwatch  with  any  smartphones  during  the  study?’,  and  ‘Did  you  use  any  of  the  other
functions on the smartwatch during the study (e.g. step counter, etc)?’

Table 2. Participants’ likes and dislikes of the smartwatch EMA method, attitudes to daily charging,
attempts to pair with phone, and other watch features used, for low and high SEP participants.

Low SEP High SEP 
Watch liked n=19 n=13
Quick and easy 9 (47%) 6 (46%)
Being prompted 1 (5%) 4 (30%)
Having a watch 0 (0%) 2 (16%)
Liked the smartwatch 2 (10%) 2 (16%) 
Additional smartwatch features 2 (10%) 0 (0%)
No need for extra device 0 (0%) 2 (16%)
Always to hand 4 (21%) 2 (16%)

Watch disliked n=19 n=13
Timing/frequency of prompts 4 (21%) 3 (23%)
Technical issues 3 (16%) 4 (30%)
Battery life 4 (21%) 2 (16%)
Watch too big 3 (16%) 2 (16%)
Unsure how to handle missing drinks 1 (5%) 2 (16%)
Already have a watch/smartwatch 2 (10%) 1 (8%)

Attitude to needing to charge every night n=15 n=11
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No issues 11 (73%) 8 (73%)
Frustrating 4 (27%) 2 (18%)

Attempted to pair with smartphone n=15 n=11
Did not attempt 13 (87%) 9 (82%)
Attempted but failed 2 (13%) 0 (0%)
Attempted and succeeded 0 (0%) 2 (18%)

Other watch features used n=15 n=11
None 11 (73%) 5 (45%)
Step counter 3 (20%) 3 (27%)
Timer 1 (7%) 2 (18%)

From participants’ responses to the question ‘How would you feel if the smartwatch system used
data from its GPS location sensor to work out when the best time is to ask you the questions (e.g.
so it doesn’t ask you questions when you are at work)?’ and ‘How would you feel if the smartwatch
system used  data  from its  motion  sensors  to  work  out  when  the  best  time  is  to  ask  you  the
questions (e.g. so it  doesn’t  ask you questions when you are driving)?’ all  distinct themes were
identified (even if raised by only one participant) and are shown in Table 3. 

Note that because of a technical issue with the questionnaire delivery 6 participants (2 High SEP [1
female], 4 Low SEP [2 female) were not asked the questions about smartwatch charging, pairing
and other functions, or about the potential use of GPS and motion sensors.  

Table 3. Participants’ views on using GPS data and motion sensor data to optimise smartwatch
EMA, for low and high SEP participants.

Low SEP High SEP 
Attitudes to using GPS in future n=15 n=11
No issues 13 (80%) 7 (64%)
Depends on context 3 (20%) 1 (9%)
OK if consented 0 (0%) 1 (9%)
Concerned about battery life 0 (0%) 1 (9%) 
Scary 2 (13%) 0 (0%)
Intrusive 2 (13%) 0 (0%)

Attitudes to using motion sensors in future
No issues 15 (100%) 9 (82%)
Concerns about reliability 0 (0%) 1 (9%)
Uncomfortable with idea 0 (0%) 1 (9%)

Missing data

The rates of missingness in all,  low and high SEP participant groups for the smartwatch  EMA
method in participants still active in study are show for days of the week in Table 4.  There was
considerable variability in each of the three groups, with overlapping confidence intervals for all
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days.

Table 4. Percentage missingness by day of the week for all, high and low SEP groups (mean and
95% CI).

Weekday All Participants (n=32) High SEP (n=13) Low SEP (n=19)
Monday 28.3    

(21.2, 35.5)
23.8

(14.4, 33.3)
31.4

(20.8, 42.0)
Tuesday 25.6    

  (18.8, 32.4)
24.9

(15.9, 33.9)
26.1

(15.8, 36.5)
Wednesday 25.0    

 (19.4, 30.6)
23.6

(14.0, 33.2)
26.0

(18.5, 33.4)
Thursday 26.5   

  (21.1, 31.2)
24.2

(15.3, 33.1)
28.1

(20.6, 35.5)
Friday 25.2 

   (19.1, 31.2)
24.9

(14.6, 35.1)
25.3

(17.0, 33.7)
Saturday 28.0  

 (21.3, 34.6)
25.8

(15.0, 36.6)
29.5

(20.2, 38.8)
Sunday 28.2    

(21.0, 35.4)
29.6

(18.2, 41.0)
27.2

(17.0, 37.4)

The rates of missingness in all, low and high SEP participant groups in participants still active in
study are show for epochs within days in Table 5. Again there was considerable variability within
each of the groups, with overlapping confidence intervals in each epoch. However, there was a
noticeably lower level of overlap comparing the first four epochs (12:00-14:00,14:00-16:00,16:00-
18:00,18:00-20:00) with the last epoch (20:00-22:00), which had the highest level of missing data. 

Table 5. Percentage missingness by 2-hour epoch for all, high and low SEP groups (mean and 95%
CI).

Epoch All Participants (n=32) High SEP (n=13) Low SEP (n=19)
12:00 -14:00 26.7     

   (20.4, 32.9)
26.1 

(17.3, 34.9)
27.0

(17.6, 36.4)
14:00 -16:00 23.6    

 (17.7, 29.5)
22.2 

(13.7, 30.8)
24.5

(15.9, 33.2)
16:00 - 18:00 24.7    

  (18.5, 30.8)
23.1    

(14.1, 32.0)
25.8

(16.8, 34.7)
18:00 - 20:00 26.0    

(20.4, 31.5)
24.2   

(15.5, 32.8)
27.2

(19.3, 35.1)
20:00 - 22:00 32.5    

 (25.5, 40.0)
30.7   

(20.1, 41.2)
33.8

(23.5, 44.0)

Discussion

Principle findings

Comparing smartwatch EMA and online TLFB engagement metrics

Using the most stringent measure of engagement (compliance rate for all participants who started
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the  study),  compliance  for  the  smartwatch  EMA method decreased  gradually  over  the  twelve
weeks from around 70% in week 1 to approximately 45% in week 12, while compliance for the
online  TLFB method  was  flatter  at  around  50% over  the  twelve  weeks.  Using  this  metric,  the
smartwatch EMA method performed better than the online TLFB method until around week 9, and
from there on, the performance of the two methods was broadly similar.

Considering the compliance rates for all participants still active in the study (removing the effects of
participant attrition), the compliance for the smart  EMA method was much flatter, staying around
70%  for  the  whole  12  weeks.  For  the  online  TLFB  method,  compliance  increased  from
approximately 50% in week 1 to around 80% in week 10, before dropping back to 70% in week 12.
As before, the performance of the smartwatch  EMA method was better than that of the online
TLFB method until  around week 9, from which point there were only minor differences between
them. Of note here is the increasing compliance with the online TLFB method in the first ten weeks
of the study. While we have no firm explanation for this, one factor that may have contributed is that
Covid-19  lockdowns  would  have  meant  participants  spent  more  time  at  home  as  the  study
progressed, which may have improved ease of access to the online TLFB system. Access to the
smartwatch  EMA would  not  be  altered  to  the  same  degree,  as  the  method  was  specifically
designed with ease of access in mind, so a similar increase in compliance would not be expected.

Turning to completion rate of the smartwatch  EMA method (as discussed previously this is not
applicable to the online TLFB method), for the first 8 weeks this was again broadly flat at around
85%,  dropping  to  around  75% for  the  last  4  weeks.  This  demonstrates  that,  when  the  EMA
application is functioning correctly and the smartwatch device is kept charged so that prompts are
delivered, participants showed a high level of propensity to respond. This declined only slightly over
the 12-week period,  suggesting longer data collection periods may be possible with acceptable
levels of completion rates using this method.

Comparing engagement metrics for low and high SEP groups

Although there is considerable variation within groups, and the differences between the groups in
most cases are relatively small (ranging between approximately 5 to 20%), almost all of the point
estimates in participant compliance, active participant compliance, completion rate and attrition for
both  smartwatch  EMA and  online  TLFB  methods  indicate  lower  engagement  for  low  SEP
participants than high SEP participants. 

Patterns of missing data

There  was  considerable  variability  in  all  three  groups  (all  SEP,  low  SEP and  high  SEP)  with
overlapping confidence intervals when comparing levels of missing data by days of the week and by
2-hour epochs in a day in each group. Perhaps the most noticeable pattern was the lower overlap in
confidence intervals  observed in the all  participant  group when comparing the first  four epochs
(12:00-14:00,14:00-16:00,16:00-18:00,18:00-20:00)  with the last  epoch (20:00-22:00),  which had
the highest level of missing data. It may be possible that modifications to the  EMA application,
such as making bedtime configurable for individual participants, would improve engagement and
reduce the levels of missing data in this epoch.

In terms of differences between high and low SEP groups, again there was considerable overlap of
confidence  intervals  in  the  groups  for  all  days  and  epochs.  However,  the  point  estimates  for
proportion of data missing for low SEP participants were slightly higher than those for high SEP
participants for every epoch, and for all days except Friday and Sunday.

Qualitative feedback 

Across all participants, the overall experience of using both methods was scored highly, with a slight
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preference for smartwatch  EMA (8/10) compared with online TLFB (7/10).  The low SEP group
scored the smartwatch EMA method slightly higher (8/10) than the online TLFB method (7/10). The
high SEP scored both methods the same (8/10). 

For willingness to use again, again both methods scored highly, with all participants expressing a
preference for smartwatch EMA (10/10) compared with online TLFB (8/10). This same pattern was
seen in both the high SEP group (9/10 vs 8/10) and low SEP group (10/10 vs 9/10)

In terms of  the amount  of  time participants would  be willing  to use the methods again,  for  all
participants online TLFB scored slightly longer (4 months compared with 3 months for smartwatch
EMA).  Within high and low SEP groups there were no differences between the two methods,
however there were differences between groups, with the low SEP group scoring both methods 6
months, and the high SEP group scoring both methods 3 months. 

Focusing on the smartwatch EMA method, the factor liked far more than any other was the ease
and speed of use. There was a broader spread of disliked factors, which included the timing and
frequency of prompts, technical issues with the system, battery life, and the size of the smartwatch.
In both high and low SEP groups 73% of participants had no issues with the need for daily charging,
while some (27% low SEP, 18% high SEP) found it frustrating. In both SEP groups more than 80%
of  participants  did  not  try  to  pair  the  smartwatch  to  their  own  smartphone,  in  line  with  study
instructions to not attempt this. In the low SEP group the 13% who attempted to pair the smartwatch
with their smartphone failed, while in the high SEP group the 18% who attempted succeeded. High
SEP participants (55%) explored other features of the smartwatch more than low SEP participants
(27%), with step counter and timer the features most explored.

In terms of attitudes to using additional sensors on the smartwatch to enhance data capture, the low
SEP group was more accepting of the use of both GPS (80% low SEP had no issues compared with
64% of high SEP) and motion sensors (100% low SEP compared with 82% of high SEP).
 
Comparison with Prior Work

Alcohol EMA studies

In  Perski  and colleagues’ 2022 systematic review2 and meta-analysis  of  EMA studies of  health
behaviours, adherence (defined as the ‘average percentage of EMA assessments completed out of
the  available  EMA assessments’),  was  pooled  across  175  alcohol  EMA studies.  The  median
percentage  adherence  was  84%,  with  an  interquartile  range  77  to  91%,  with  studies  using
smartphone-based  EMA methods  having  overall  better  levels  of  adherence  than  other  EMA
methods (e.g. online, paper and pen). No studies using wrist-worn wearable EMA methods were
included. From the engagement metrics we used, completion rate seemed the closest in nature to
their adherence metric. This was around 80% across the 12 weeks of our study, so within the range
they reported.

In his review specifically of alcohol EMA methods, Piaseck26 identified a number of studies that have
used what are referred to as high resolution EMA methods (mainly smartphone-based), which like
the current  study  prompted participants  for  responses throughout  the  day,  and which varied in
overall duration from a few days up to eight weeks. These had ‘response rates’ ranging from 63 to
90%. It was less clear which of our metrics to compare with this. Our completion rate (around 80%
over the duration of the study) and active participants compliance rates (around 70%) sit within this
range. Our all-participant compliance rate began around 70%, dropping to below 60% in week 8, so
again  was  broadly  within  that  range.  Our  study  ran  beyond  8  weeks,  and  our  all-participant
compliance declined to 45% at week 12, suggesting study duration may have greater impact on
engagement for studies beyond a certain duration.
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Recently, Howard and Lamb27 used text message initiated survey smartphone-based EMA methods
to study alcohol consumption in undergraduates. They reported high levels of compliance for active
participants, starting at 89% in week 1, declining gradually to 70% in week 14. Our active participant
compliance rates were lower, and varied around 70% across the 12 week period. While it is unclear
if  any  one factor  was responsible  for  this  difference,  possibilities  include that  the prompts  and
reminders delivered by phone in Howard and Lamb’s study were audible and possibly more strident
than the smartwatch haptic prompts in the current study, and that Howard and Lamb’s rewards
strategies were based on completion of individual surveys whereas ours was based on months
active in the study, although previous meta-analyses have indicated differing reward strategies are
not related to variations in engagement11,12.

Smartwatch EMA studies

In  a  smartwatch  EMA study  with  an  assessment  period  close  to  that  of  the  current  study,
Beukenhorst and colleagues9 used smartwatch  EMA methods to capture self-report data about
pain in patients with knee osteoarthritis, using 4 or 5 questions by day over 13 weeks. Their attrition
rate was similar to that observed in the current study, with the number of active participants falling
steadily to around 70% by week 10, although at the end of the 13 week period this had fallen to
42% (ours fell to 65% by week 12). The compliance rate for all participants was also similar to the
current study, starting at around 75% then gradually falling off to around 50% by week 10 and 45%
by week 12. The completion rates were also similar, starting at around 85% and keeping around
80% over the duration of the study. Participants also identified short battery life as a current barrier
to smartwatch use. 

In what may be the longest smartwatch EMA study to date, Ponnada and colleagues10 captured self-
report data of physical activity and affect in young adults over a period of 12 months. They used
smartwatch-based EMA methods to capture high density data over 24 4 day burst periods, spread
throughout the 12 months. In their report of preliminary findings at the 6-month point, the mean
overall compliance of EMA in the burst periods for active participants was 67%, so similar to the
70% we observed across the 12 weeks of the current study. The mean overall completion reported
at 6 months for these burst periods was 79% ,  so again similar to the rate observed in the current
study, which began at 85% and reduced to 75% by week 12.

Effects of high and low SEP

In terms of the impact of SEP on engagement in alcohol EMA studies, Howard and Lamb27 reported
no significant differences in the numbers of students having parents with college education (similar
to the SEP measure we used here),  across their  four responder  categories (‘poor’,  ‘adequate’,
‘good’,  ‘super’).  However, it  is noticeable that the proportions of students with college educated
parents were higher  in  the ‘good’ and ‘super’ responder categories than in  the ‘poor’ category,
indicating higher SEP may potentially  have played some role in  increased engagement,  as we
observed in the current study.

Considering  the  impact  of  SEP  on  compliance  more  broadly  in  alcohol  studies,  Thern  and
Landbarg28 reported that for self-reported factors such as self-rated health, health-related quality of
life, and level of social support received, low SEP participants had approximately twice as much
missing data as high SEP participants. While the current feasibility study cannot claim to provide
evidence of higher levels of missing data in low SEP than high SEP participants, the point measures
observed here do fit with this pattern. 

Strengths and Limitations

To the best of our knowledge, this is the first study to explore the feasibility of using smartwatch-
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based  EMA methods  to  capture  high  temporal  density  data  about  alcohol  consumption  over
extended periods. 

While  the smartwatch-based EMA app we produced was heavily  based on the  EMA methods
originally developed by Intille and colleagues8, an important element of a true EMA implementation
is that only one question is presented to the participant at a time. In our implementation we chained
questions to ask about type and size of drinks and the context in which they were consumed, and
consequently our approach should perhaps be referred to as modified-EMA. However there seems
to have been little impact on engagement as a result of our modified approach.

Unfortunately, Covid-19 meant participant recruitment had to be halted early, reducing our sample
size, and giving an unequal mix of high and low SEP participants. It also means that the results here
may not be as generalisable as those seen observed outside of a global pandemic. 

Our participants were recruited from a UK birth cohort study20. Recruiting from a cohort study has
the benefit  that  in  future work we will  be able to explore new methods for  combining the high
temporal density longitudinal data on alcohol consumption from our new smartwatch EMA methods
with the wide variety of phenotypic and genetic data available for these participants, in order to
explore  the impact  of  alcohol  consumption on  health  in  new ways.  One potential  downside  of
recruiting from a cohort of this kind is that participants are used to regular assessments, so may
possibly have been more motivated to engage with the study than participants not involved in cohort
studies20. 

There is increasing awareness that the wide range of adherence metrics reported in EMA studies
can make meaningful comparisons of findings across the EMA literature difficult10,11. We selected the
adherence metrics reported here primarily to enable comparisons with existing smartwatch EMA
studies,  but  acknowledge  these  do  not  always  enable  straightforward  comparisons  with  other
existing EMA studies.

Recommendation for Future Studies

The biggest factor impacting adherence in the current study was participant attrition. While feedback
from participants in the end of study interview provided some clues as to what may have caused
this, further studies to explore reasons for attrition in these new methods would be beneficial.

The consistency of the differences we observed between high and low SEP groups in compliance,
completion and attrition suggests further work to explore the scale of these differences, and which
factors are driving these, is warranted. It also indicates that the design of future systems of this kind
would benefit from early-stage involvement of users from a range of SEPs. In addition to SEP, future
work  of  this  kind  should  consider  other  demographic  factors,  such  as  age,  that  may  impact
engagement with, and the quality of data collected using these new methods. 

This study has focused on feasibility aspects of using new smartwatch-based  EMA methods for
capturing data on alcohol consumptions. Future studies should also explore the validity of the data
captured,  and how both  feasibility  and validity  vary for  other  health related behaviours beyond
alcohol consumption.

As a community developing new EMA methods, it is important for us to strive to use metrics that
enable the widest, most meaningful comparisons of our findings. In terms of adherence, this is now
more complex than ever, as new EMA methods using latest technologies clearly benefit from using
specific metrics (e.g. completion and compliance) that enable researchers to tease apart technical
issues and participant propensity to respond. Now may be a good time to revisit previous work that
has proposed standards for reporting in EMA studies 29,30.
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Conclusions

In this study participants had higher levels of engagement (higher compliance and completion rates
and lower levels of attrition) when using smartwatch-based EMA methods then when using online
Timeline  Followback  methods  for  recording  alcohol  consumption.  These  levels  of  engagement
compared well with previous studies of new smartwatch EMA methods. There was little difference
in participants’ ratings of their experience using the methods, or the length of time they would be
willing to use either method again, though they did express a preference for using the smartwatch
EMA method rather than the online TLFB. This demonstrates the feasibility and acceptability of
using smartwatch EMA methods for capturing alcohol consumption. 

These methods have the benefits of capturing higher temporal density, longitudinal data on alcohol
consumption, together with data about the context of drinking events, that, as with EMA methods in
general, are less susceptible to the recall and bias errors that are known to affect other methods for
capturing data on alcohol consumption (though it is worth remembering that there are also  large
effects of social desirability bias in alcohol reporting which EMA methods will not address, so some
underreporting may still exist). 

Future  studies  should  explore  the factors  impacting  participant  attrition  (the  biggest  reason  for
reduced adherence), and the validity of alcohol data captured with these methods. While we would
not claim our study provides firm evidence of differences in engagement between high and low SEP
participants,  we  would  suggest  the  consistent  pattern  of  lower  point  measures  of  engagement
observed in low SEP than high SEP participants indicates further work is warranted exploring the
existence, scale and causes of such differences. 
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Supplementary Materials

Figure S1. AlcoWatch EMA smartwatch question formatting and sequencing
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Figure S2. Timeline Follow Back diary format

Table 2. High and low SEP participants’ likes and dislikes of the online TLFB method.

Low SEP High SEP 
TLFB liked n=19 n=13
Quick and easy 11 (58%) 5 (38%)
The event prompts 1 (5%) 2 (15%)

TLFB disliked n=19 n=13
Difficult to remember drinks consumed 6 (32%) 5 (38%)
Difficult to remember to complete 0 (0%) 4 (30%)
Limited window in which to complete 6 (32%) 3 (23%)
Would have liked shortcuts 0 (0%) 2 (15%)
Wanted more info on units in drinks 2 (10%) 0 (0%)
Technical issues 1 (5%) 1 (8%)
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