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Abstract. The current study was a pilot for an alcohol craving moni-
toring study with a biosensor (E4 wristband) and ecological momentary
assessment (EMA) smartphone app. The E4 wristband was evaluated
on compliance rates, usability, comfort and stigmatization. Two EMA
methodologies (signal- and interval-contingent design) were compared
on data variability, compliance and perceived burden. Results show that
both EMA methodologies captured variability of craving and compliance
rates were between medium to low. The perceived burden of the designs
was high, in particular for the signal-contingent design. Participants wore
the wristband ranging from occasionally to often and the usability was
rated good. Many participants reported frequent questioning about the
bracelet, which they indicated as positive. However, addicted individu-
als are expected not to appreciate this attention, we therefore propose to
provide them with coping strategies. Efforts should be made to increase
compliance, we therefore propose the interval contingent design with
micro incentives.

Keywords: Biosensor · Ecological momentary assessment · Data vari-
ability · Compliance rates · Perceived burden · Usability · Wearing com-
fort · Stigmatization

1 Introduction

Alcohol abuse is currently the fourth leading unhealthy lifestyle behavior con-
tributing to morbidity and mortality. Oinas-Kukkonen and Harjumaa [1] argue
that in the case of (alcohol) addiction, persuasive systems should aim at reinforc-
ing proper attitudes and making them easier to stick with even in challenging,
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spontaneous situations. In a similar vein, Rohsenow and Monti [2] state that
prompting patients to mobilize their coping resources by making them aware of
their craving in challenging situations may protect them from relapse.

Innovations in wearable technology offer new possibilities to determine these
challenging craving situations, by continuous measurement of fluctuations in
physiological parameters, not only in the lab setting, but also in the real world
(e.g. [3]). Craving responses have been proven multiple times in lab settings.
According to a meta-analysis [4], alcoholics evidently show heightened physio-
logical responses (heart rate, electrodermal activity) and psychological response
(self-reported craving) to alcohol cues (e.g., pictures of beer). Yet, whether these
effects are transferable from the lab setting to continuously measuring in the
real world, the “wild”, has not been investigated, therefore this pilot and even-
tually a monitoring study is performed. The lack of prior studies impedes making
informed study design decisions. This study pilots the design decisions of an alco-
hol craving monitoring study using a smartphone app and a wearable biosensor.
Using an app to administer questions is known to increase the compliance and to
reduce the perceived burden [5]. The questionnaires were administered accord-
ing to a Ecological Momentary Assessment design (EMA, [3]). EMA studies are
repeated measurements of participants experiences and behavior in real time
and in their natural environment [6].

A possible limitation of measuring in the “wild” is the completeness of both
the EMA and wearable and data. Since the completeness of the data relies on the
compliance of respondents and the functioning of the technology, missing values
are likely to occur [6]. Additionally, if the wearable biosensor is not perceived
as usable and comfortable, this could be a reason to stop wearing the sensor
over time leading to an increase in the number of missing values. Furthermore,
because the target population are alcoholics who are known to value anonymity
[7], wearing a biosensor for an alcohol craving study might establish a feeling of
stigmatization. A possible drawback of using a repeated intensive assessment like
EMA is the high burden which might discourage participation. This can result
in a sampling bias where only participants with certain personality factors and
high motivation enter or complete the assessment [8]. This might also impose an
compliance problem for the sample in general, since addicts are not known for
their motivation, responsibility and compliance to schedules and instructions [6].

Two design decisions, the EMA cue type and the user acceptance of the E4
wristband as biosensor, are evaluated in this study. For the self-reported mea-
sures the perceived burden, compliance rates and craving variability of two types
of EMA cue type measures were assessed; (1) interval-contingent measures and
(2) signal-contingent measures [9]. In interval-contingent designs, a fixed number
of measures are taken according to a standard schedule of intervals. With signal-
contingent designs, a fixed number of measures are taken at randomly scheduled
intervals, possibly within specified periods of time. Regarding the E4 wristband
three factors were evaluated to determine the user acceptance of the device:
(1) usability [10], (2) wearing comfort [11], and (3) perceived stigmatization [11]
of the wearable.
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1.1 Perceived Burden of the EMA Design

The perceived burden, variability and compliance of self-reported craving will
be explored to determine which cue type (interval or signal) is most feasible for
a monitoring study.

Interval-Contingent Design. The strength of interval-contingent is that the
measures can be taken at certain times of the day at which it is likely that
construct of interest will occur [12], in this case craving. A risk is that a at
unexpected moments at which craving could occur could be missed if the inter-
val time is not selected properly, which causes a systematic bias [13]. Another
weakness is that an interval-contingent design can result in high levels of pre-
dictability: patients can predict the timing of interval assessments. This may
alter their behavior in preparation of the recording time [13].

Signal-Contingent Design. The main advantage of a signal-contingent mea-
sures is that the occurrence of craving during multiple different time frames of
the day can be examined [7]. A weakness is that signal-contingent recordings can
sometimes be perceived obtrusive and disruptive or a recording can be missed
because the signal was unexpected or could not be completed at the moment of
the signal [13].

Compliance Rate EMA. Compliance rates are associated with the persua-
siveness of a system, since the system will be used more when it is highly per-
suasive [1]. Compliance rates in EMA studies vary from 90% to 50%, but many
studies have compliance rate around 75–80% [6]. It is not clear what causes this
variation, but the contingent design is likely to affect these compliance rates.

Variability EMA. Researchers of EMA studies found low levels of self-reported
craving in alcoholics [6]. It is not clear whether this is a genuine finding or that
alcoholics are unwilling to admit their craving. This pilot study explores the
variability of self-reported in two contingent designs.

1.2 User Acceptance E4

To determine user acceptance of the E4, usability, wearing comfort and perceived
stigmatization are tested in the pilot. The E4 has the size of a large watch and
is designed for continuous, real-time data acquisition in daily life.

Usability E4. It is important that the wearable biosensor has high usability,
so that the participants use the device as intended by the researcher. Usability
is described as the effectiveness, efficiency and satisfaction with which specified
users can achieve specified goals in a particular environment [10].
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Wearing Comfort E4. An important aspect in integrating and accepting the
E4 sensor in the respondents daily life is the wearing comfort. Fensli and Boisen
[11] found several factors that play a role in this perceived comfort of wearable
technology, for example perceived burden during daily activities like bathing or
sleeping. Users preferred small discrete sensors that are as much as possible inte-
grated in everyday objects [14] and did not affect daily behavior. Furthermore,
they highly valued a comfortable, compact, reliable and easy to operate device.
However, the E4 has some specifications that can not be adjusted, such as the
device has to be charged every few days, cannot be worn during showering or
extreme rain and the size and comfort of the device cannot be modified. It is
explored to what extent this influences the user acceptance of the wearable.

Stigmatization E4. Fensli en Boisen [11] also found that people can experience
stigmatization when wearing a sensor. Bergmann, Chandaria and McGregor [14]
showed that users prefer sensors that cannot be seen by other people. This prefer-
ence could be even more important for alcoholics, who often want to keep their
addiction hidden from their social environment, including family and friends
[15]. Stigmatization might cause respondents not to wear the wristband at cer-
tain moments (for example at work) or stop wearing the wristband altogether,
posing a problem with compliance.

2 Methods and Materials

This study was a mixed methods feasibility pilot, in which both physiologi-
cal and self-reported EMA data were collected. To explore reasons for possible
(non)compliance, multiple questionnaires and an exit interview regarding per-
ceived burden and user acceptance were performed.

2.1 Participants

In total, eight participants (3 male) between 19 and 24 years (M = 21.5, SD =
1.77) took part in the experiment over a period of eight days. Four (2 male)
of these participants completed the whole experiment, the other four were only
included for a part of the study, namely wearing comfort and stigmatization,
since they did not perform the EMA part of the study. Participants were included
if they met at least 2 of the 11 diagnostic criteria of the DSM-V for an alcohol
use disorder, if they drank more than 14 glasses on average of alcohol per week
and did not have a diagnosis of dependence of another substance than alcohol
(except nicotine). Participants also had to own a smartphone and have access to
a laptop or computer. The participants were college students from the University
of Twente and received course credits to participate in the study. The Ethical
Commission of the University of Twente approved this study and participants
signed an informed consent before entering into the study.
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2.2 Materials

EMA Recording. For recording the daily questionnaires a smartphone app
named ‘UTSurvey’ [16] was used. The app issues an notification when a ques-
tionnaire had to be administered.

Physiological Data. For uploading the data of the E4 wristband, the program
‘Empatica Manager’ was used.

2.3 Procedure

Data-acquisition started with a meeting during which informed consent was
obtained and the DSM-V criteria were assessed. Participants were then trained
to use the EMA app, use the E4 sensor, charge the wristband and upload the
data. During the week, the participants had to wear the E4 during the day, and
charge it at night when they were sleeping. Additionally, they had to upload the
recorded data at least every two days. In the EMA app, participants had to fill in
an alcohol registry every morning, and complete a brief questionnaire four times
a day. The first four days, phase one of the experiment, an interval-contingent
design was used for the EMA app. The time slots at which questions had to be
administered were predefined and the same for every day (11 am, 3 pm, 7 pm and
12 midnight). This final time slot was not mandatory since some participants
might already be asleep. The second set of four days, the second phase, a signal-
contingent design was employed. The time slots were randomized; between 9:00
am and 12:45 pm, between 1:00 pm and 4:45 pm and between 5:00 pm and 9:00
pm. The final time slot of the day was again at midnight, again not mandatory.
After the experiment the participants administered online questionnaire about
the perceived burden of the EMA designs, a questionnaire with the ‘System
Usability Scale’ (SUS) about the usability of the E4 wristband and an exit
interview on the wearing comfort and the perceived stigmatization of the E4
wristband.

2.4 EMA Measures

Morning Report. Upon awakening, the app questioned the participants about
the time and number of standard drinks consumed on the previous day.

Prompts. Participants had to answer three questions after a prompt: alcohol
craving, mood and coping ability. Since craving was the only construct of interest
for this pilot and the two other questions were merely included to represent a
realistic EMA burden, only craving will be further explained. Craving for alcohol
was measured on a 10-point Likert Scale ranging from 1 (not at all) to 10 (very
much). A single item measure of craving is a straightforward and time effective
manner for assessing the level of subjective craving of a participant [17].
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2.5 Measures

Perceived Burden of the EMA Design. For measuring the perceived burden
of the participants for the EMA designs, an online open ended questionnaire was
taken (See Table 1.) (translated from the original Dutch items).

Table 1. 11 Questions on perceived burden of the two EMA design

1. What did you think of answering a questionnaire every day? Please
explain.

2. Would you be able to integrate answering (daily) questionnaires in your
day-to-day life? Why could or couldn’t you?

3. What is your attitude towards daily surveys? Please explain.

4. How did the continuous answering of questions go? Please explain.

5. How difficult was answering the questions for you? Please explain.

6. How burdensome did you find it to answer questions every day? Please
explain.

7. Did anything irritate you while answering the questions? If yes, what and
why?

8. Did anything go wrong with answering the questions? If yes, what and
why?

9. What did you think of answering questions on an app? Please explain.

10. Did you think the app was easy to use? Please explain.

11. Did you miss many administration moments? If yes, why?

Usability E4. Usability of the E4 wristband was measured with the System
Usability Scale [10] consisting of ten 5-point Likert scale items. The SUS gives
a global view of subjective assessments of usability [10].

Wearing Comfort E4. A semi-structured interview was performed, starting
with a non-directive question “How did you experience last week?” and becom-
ing more and more directive, leading to the closing question “How would you
describe wearing the sensor”, when a participant did not give any information
on wearing comfort in earlier questions.

Stigmatization E4. A semi-structured interview was performed with the same
non-directive to directive structure. The opening question was “Did you have
any conversations about your participation in the experiment in the last week?”
leading to “What was the impact of the sensor on your feeling of anonymity?”.
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2.6 Data Analysis

EMA Design

Compliance Rate and Variability EMA. The EMA data was extracted from the
program ‘Limesurvey’ [18]. The compliance rate and variability in craving for
the self-reported measures per EMA design were determined. Because of the
exploratory nature and small sample in this research no statistical test was
performed. Instead, multiple graphs for every participant per design were made
with craving measurements for every time slot in order to make the variability
and distribution of the craving scores visible.

Perceived Burden EMA. The questionnaire for the perceived burden was ana-
lyzed by filtering out the main statements relevant to the perceived burden of
participants. After which the statements were labeled. The labeling continued
until no new labels could be given. The inter-rater reliability was determined
using Cohens Kappa, by labeling all data by a different researcher.

User Acceptance E4 Wristband

Compliance Rate E4. The physiological data was extracted from the Empatica
Manager. The times on which data was recorded were visualized in a graph in
order to evaluate the compliance rates.

Usability E4. The SUS scores were calculated according to [10]. With the use of
the adjective rating scale [19], the SUS score was interpreted.

Wearing Comfort and Stigmatization E4. Wearing comfort and stigmatization
were measured using a semi-structured interview. The text was divided in rel-
evant fragments and labeled, as close as possible to the text of the fragment.
The labeling continued until no new labels could be given. The inter-rater relia-
bility was determined using Cohens Kappa, by labeling 12.5% of the data by a
different researcher.

3 Results

The female participants reported drinking an average of 12.8 glasses of alcohol a
week (sd = 6.53 glasses) divided over four evenings during the week (sd = 1.45
days). The male participants reported drinking 14 glasses (sd = 3.46 glasses) on
average divided over three evenings during the week (sd = 0.69 days).
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3.1 Self-reported EMA data

This research explored the variability and the compliance of alcohol craving
measurements when using interval- and signal-contingent designs. During one
time slot no prompt occurred and during another it was not possible for the
participants to administer the questions due to technical problems. However,
these minor anomalies are not expected to have influenced the results, as they
constituted two out of the total of 81 completed time slots.

Compliance Rate and Variability EMA. Participants reported craving
greater than 1 relatively often: out of 81 completed time slots, noticeable urge
to drink was reported 42 times. The average craving was 3.68 (SD = 3.36) with
the interval-contingent design and 3.05 (SD = 2.90) with the signal-contingent
design. Figure 1 visualizes the compliance and variability of alcohol craving per
participant. It seems that the compliance and variability of the craving measure-
ments between the interval- and signal-contingent design do not differ greatly.

The average compliance in the interval-contingent design was 67% and in
the signal-contingent design 61%. The craving scores were higher in the evening
compared to the morning and afternoon. As expected, the number of completed
time slots was much lower at the non-mandatory time slot at midnight (time
slot 4, 8, 12 & 16). Participant four mentioned she missed a lot of time-slots,
due to not having an Internet connection or beeing occupied at work.

Fig. 1. Craving scores per participant over time. The missing values are left out (n =
the number of administered data points). The time slot numbers are displayed on the
horizontal axes. Every four numbers represent one day: First time slot = morning,
second time slot = afternoon, third and fourth time slots are evening.
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Perceived Burden EMA. The statements about the perceived burden had
an inter-rater reliability of 0.71 which corresponds with a substantial strength
of agreement. The effort to complete the questions at a single time slot was
generally experienced as low. All participants thought the questions were easy
to answer: “Answering the questions went well, the questions were easy and you
could answer in a detailed, but easy manner, how you felt at the moment.” (Par-
ticipant 4, q.4). The questionnaire at midnight was sometimes perceived as an
higher burden: “(...) the questionnaire at midnight was sometimes unpractical
(I was at the cafe without my phone then or was sleeping already).” (Subject 2,
q.1). The burden of filling in the questionnaires with a frequency of four times
a day was perceived as relatively high by two participants. They reported feel-
ing bad or stressed because of the questionnaires: “I don’t like the feeling of
always having to answer something. I felt very pressured. When I was not able
to answer questions I felt bad because I did not finish the assignment” (Partici-
pant 4, q.6). However, others mentioned that they did not feel it as a burden to
answer the questions multiple times a day: “Not really a burden, you have your
phone often near you anyway.” (Participant 1, q.6). The burden was height-
ened with the signal-contingent design, compared to the interval-contingent
design: “It is easier if the time slots are at a set time, in that manner you
can anticipate to react and after a while you don’t forget to fill it in anymore.”
(Participant 1, q.2).

3.2 User Acceptance E4 Wristband

Compliance Rate E4. The compliance rate of wearing the E4 differed over
participants. An overview of the times each participant wore the E4 can be
seen in Fig. 2. Note that participant four only wore the E4 on 4 of the 7 days
and participant three wore the E4 every day, however sometimes only for a few
hours (see for example Monday). The other two participants all had a higher
compliance.

Usability E4. The usability of the E4 wristband when wearing it on a daily
basis for a week, with use of the System Usability Scale was on average 65 points
on a 100-point scale, which is considered to be slightly below average [10]. Scores
on individual questions could range between 1 and 4. The participants thought
the E4 was easy to use (3.25) and did not feel like they needed a lot of technical
support (1). However, all but participant 4 did not really wanted to use the E4
frequently (1.25) and found the E4 sometimes frustrating (3).

Wearing Comfort E4. The agreement rate regarding the qualitative analy-
sis had a Cohens kappa of 0.77 which corresponds with a substantial strength
of agreement. The general impression of the participants on wearing the sen-
sor was neutral to positive and was described by all participants as “fine”. All
participants indicated that they had to get used to the sensor, but this hap-
pened quickly and with ease. Participant one remarked that it was fine to wear
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Fig. 2. Time each participant wore the E4 over a course of a week.

the sensor for a week, but would not have wanted to wear the wristband any
longer. The participants mentioned that it is burdensome that the sensor is only
splash-waterproof. For many activities, like doing the dishes, showering or even
cycling through the rain, it was not possible to wear the wristband. One par-
ticipant indicated that he found it annoying to have to remember to bring the
charger, charge the wristband and upload the data. Multiple participants did
mention that the sensor sometimes pressed painfully on the bone and was either
too tight or too loose. One of the men, as well as both females found the sensor
“ugly” and considered it to be too big to be worn with tight clothes. A final neg-
ative point about the comfort that was mentioned by the participants was that
the sensor is not easy to wear during exercise, since in some sports wearing any-
thing around your wrists is prohibited and some are too “rough” for gathering
good data.

Stigmatization E4. All participants indicated that they were approached by
many people about the sensor. The majority of the participants therefore became
more aware of the sensor. Especially family, friends and acquaintances addressed
the participants about the sensor. All participants indicated that they had a
positive feeling about the conversations and explaining why they had to wear the
sensor. One participant mentioned that if he should wear the sensor for longer,
it would become irritating that his environment would continue to question the
sensor. The participants indicated that the sensor was often thought of as a
watch or sports and fitness tracking device. Three participants also said they
were asked if they were wearing a house arrest curfew band due to a criminal
offense.
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4 Conclusion and Discussion

In order to make more informed design decisions when carrying out a full-scale
monitoring study in the field of alcohol craving, the current study pilot tested
two EMA designs and the validity of both physiological and self-report measures.
The current study showed that both the interval- and signal-contingent EMA
study designs can capture relevant and meaningful variability of self-reported
alcohol craving. This is in contrast with prior mentioned findings [6], however
students might be more willingly to admit their craving then alcoholics. There-
fore, it is not definite that these results will transfer to the target population,
but a relevant finding is that no significant difference between the two designs
was found. The overall compliance of the self-reported measures was lower (i.e.
64%) then found by multiple EMA studies [6], but highly different among par-
ticipants. The type of EMA design did not seem to explain the differences in
compliance rates. Further research should focus on explaining the variations in
compliance rates.

The burden of filling in multiple questionnaires a day was perceived as quite
high, the interval-contingent was preffered over the signal-contingent design, as it
was perceived as less obtrusive. It should be noted, though, that this preference
for interval-contingent EMA may also be explained by an order effect, as all par-
ticipants started with this design and the perceived burden may have increased
in course of time. Nevertheless, all participants experienced both designs, allow-
ing a direct comparison of perceived burden within subjects.

All the participants found the E4 easy to use, rated the usability slightly
below average and described the wristband as fine. Women experienced less
wearing comfort, due to the size of the E4. Participants found it annoying that
the wristband is only splash water proof. Despite the positive rating of the E4
wristband, the compliance rate of the physiological data was quite low for two of
the participants. As mentioned, addicts are notoriously non-compliant to sched-
ules and instructions [6]. An effort should be made to increase this compliance, we
therefore propose for the monitoring study to give participants a micro incen-
tive to stimulate compliance to both the self-reported and physiological data.
Musthag, Raij, Ganesan, Kumar, and Shiffman [20] showed these incentive
studies to be low cost, while ensuring high compliance, good data quality, and
lower retention issues.

A potential threat to the user acceptance of the E4 may be the apparent
visibility and the attracted attention of the wearable biosensor, which may par-
ticularly apply to the target population of the monitoring study, persons with
addiction, might not prefer this scrutiny, and consider this to be a stigmati-
zation. Unfortunately no other research device is available that unobtrusively
measures heart rate and electrodermal activity. Therefore, we propose to pre-
pare the participants by providing coping strategies. For example, the participant
can learn to respond that the sensor is helping to improve their health. It should
be explored whether this lowers feelings of stigmatization.

In conclusion, the present feasibility study showed that an interval-contingent
EMA design with micro incentives and the E4 wristband are feasible and low
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burden design decisions for a real time, alcohol craving study. This finding has
relevance for similar studies on other addictive behaviors, but may also con-
tribute to less related field of research (e.g. occupational stress). For the latter
types of studies the present work can also be seen as a blueprint on how to do a
thorough, relatively quick formative evaluation for a subsequent daily life study.
Daily life studies are often rather time consuming, costly and put a heavy burden
on participants [3]. It is therefore essential to make well substantiated choices
for the study design based on both literature and a feasibility pilot, such as the
one presented here.
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