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Abstract

Smoking is the leading preventable cause of death and disability in the U.S. Empirical evidence 

suggests that engaging in evidence-based self-regulatory strategies (e.g., behavioral substitution, 

mindful attention) can improve smokers’ ability to resist craving and build self-regulatory skills. 

However, poor engagement represents a major barrier to maximizing the impact of self-regulatory 

strategies. This paper describes the protocol for Mobile Assistance for Regulating Smoking 

(MARS) – a research study designed to inform the development of a mobile health (mHealth) 

intervention for promoting real-time, real-world engagement in evidence-based self-regulatory 

strategies. The study will employ a 10-day Micro-Randomized Trial (MRT) enrolling 112 

smokers attempting to quit. Utilizing a mobile smoking cessation app, the MRT will randomize 

each individual multiple times per day to either: (a) no intervention prompt; (b) a prompt 

recommending brief (low effort) cognitive and/or behavioral self-regulatory strategies; or (c) a 

prompt recommending more effortful cognitive or mindfulness-based strategies. Prompts will be 

delivered via push notifications from the MARS mobile app. The goal is to investigate whether, 

what type of, and under what conditions prompting the individual to engage in self-regulatory 

strategies increases engagement. The results will build the empirical foundation necessary to 

develop a mHealth intervention that effectively utilizes intensive longitudinal self-report and 

sensor-based assessments of emotions, context and other factors to engage an individual in the 

type of self-regulatory activity that would be most beneficial given their real-time, real-world 

circumstances. This type of mHealth intervention holds enormous potential to expand the reach 

and impact of smoking cessation treatments.

Keywords

Smoking Cessation; Mobile Health (mHealth); Engagement; Self-Regulatory Strategies; Micro-
Randomized Trial (MRT)

1. Introduction

Smoking is the leading preventable cause of death and disability in the U.S.[1–3] with 

about 30% of all cancer deaths directly attributable to smoking [4–6]. Although most 

smokers would like to quit, over 90% of quit attempts are unsuccessful [7, 8]. Empirical 

evidence suggests that engaging in evidence-based self-regulatory strategies (e.g., behavioral 

substitution, mindful attention) can improve smokers’ ability to resist craving and build 

self-regulatory skills [9–12]. As a result, self-regulatory strategies are key components in 

many smoking cessation interventions [13–15]. However, poor engagement represents a 

major barrier to maximizing the impact of self-regulatory strategies [9, 16]. Enhancing real-
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time, real-world engagement in evidence-based self-regulatory strategies has the potential to 

improve the efficacy of smoking cessation interventions.

Just-In-Time Adaptive Interventions (JITAIs) delivered via mobile devices have been 

developed for preventing and treating addictions [17–19]. JITAIs adapt over time to an 

individual’s changing status and are optimized to provide appropriate intervention strategies 

based on real time, real world context [20, 21]. Vulnerability (e.g., risk for lapse) and 

receptivity (i.e., ability and willingness to invest energy in a specific intervention) are 

two theoretical constructs that play a critical role in the formulation of effective JITAIs. 

Conceptual models of JITAIs emphasize the importance of minimizing disruptions to the 

daily lives of the individual by tailoring strategies not only to vulnerability, but also to 

receptivity [20, 22, 23]. Both vulnerability and receptivity are considered latent states that 

are dynamic and constantly changing based on the constellation and temporal dynamics of 

emotions, context, and other factors [20, 23] . However, limited research attention has been 

given to systematically investigating the nature of vulnerability and receptivity, as well as 

how knowledge of these states can be used to decide when and how to intervene during a 

smoking quit attempt. For example, although it is often assumed that the value of JITAIs 

lies in their ability to detect high vulnerability for lapse and intervene “just in time,” it may 

be equally or even more important to intervene in periods of low vulnerability but high 

receptivity to facilitate skill-learning and prevent future risk elevations. Further, different 

contextual and intrapersonal factors that increase vulnerability to lapse (e.g., the presence 

of other smokers [24, 25]) might decrease receptivity to certain self-regulatory strategies 

(e.g., complex and effortful exercises), but not to others (e.g., less effortful escape and active 

coping strategies).

The Mobile Assistance for Regulating Smoking (MARS) study will employ a 10-day Micro-

Randomized Trial (MRT) [26] enrolling 112 smokers attempting to quit. Using a mobile 

smoking cessation app, the MRT will randomize each individual multiple times per day to 

either: (a) no intervention prompt; (b) a prompt recommending brief (low effort) cognitive 

and/or behavioral self-regulatory strategies; or (c) a prompt recommending more effortful 

cognitive or mindfulness-based strategies. The goal is to investigate whether, what type of, 

and under what conditions (e.g., current state of vulnerability and/or receptivity) prompting 

the individual via a mobile device to engage in self-regulatory strategies increases proximal 

engagement in self-regulatory strategies, which in turn reduces vulnerability (see conceptual 

model in Figure 1).

2. Materials and methods

The MRT study protocol and consent procedures were approved by the University of 

Utah Institutional Review Board before enrolling participants. The trial was registered on 

clinicaltrials.gov (NCT04376489) and the full study protocol and results will be published 

on clinicaltrials.gov upon completion of the trial.

2.1. Research Design

This study employs a MRT – an experimental design for optimizing mHealth interventions 

[26]. MRTs enable investigators to construct an empirically-informed JITAI prior to 
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conducting a randomized control trial (RCT) to confirm its effectiveness [27]. Specifically, 

MRTs are suitable for addressing questions about whether and under what conditions it is 

beneficial to deliver mobile-based intervention prompts. Leveraging the rapidly growing and 

dynamic digital intervention environment, MRTs provide data that informs the development 

of an effective JITAI. The effectiveness of this empirically informed JITAI can then be 

evaluated via a RCT comparing the JITAI to a suitable control (e.g., standard of care).

In the MARS MRT, participants will be assessed from 3 days prior to their quit date through 

6 days post-quit using Ecological Momentary Assessments (EMA), a suite of wireless 

sensors (MotionSense HRV [28]), and Global Positioning System (GPS). This 10 day period 

was selected in order to allow participants to learn and practice the use of self-regulatory 

strategies during the 3 days prior to their quit day, and (b) capture the period of time when 

first lapses are most likely to occur [29–31].

Participants will be asked 6 times per day via a smartphone to respond to a brief 2-question 

survey about availability of cigarettes and negative affect. Immediately following survey 

completion (or 5 minutes following survey initiation if the survey was not completed), 

the individual will be micro-randomized (2:1:1) to either: (a) no prompt; (b) a prompt 

recommending brief (low effort) cognitive and/or behavioral strategies (tailored to the 

participant’s response to the 2-questions survey); or (c) a prompt recommending relatively 

more effortful (5–10 minutes) self-regulatory strategies (cognitive or mindfulness-based 

exercises on the mobile device).

Approximately one hour following each micro-randomization, participants will be asked 

to complete an EMA (i.e., six EMAs per day). These EMAs are relatively short (less 

than 5 minutes to complete) and designed to assess engagement with self-regulatory 

strategies (primary proximal outcome), as well as gather information about affect, behaviors, 

cognitions, and context.

Participants will also attend three in-person or virtual visits, which will occur on Day 1, Day 

4 (quit day) and Day 10. At each visit, smoking status will be assessed, participants will fill 

out standard questionnaires, receive brief tobacco cessation counseling, and be compensated 

for their time. The study design is summarized in Figure 2.

2.2. Aims

The goal of the current study is to investigate whether, what type of, and under what 

conditions (e.g., current state of vulnerability and/or receptivity) a self-regulatory strategy 

recommendation increases proximal engagement in those strategies (primary outcome), 

which in turn reduces vulnerability.

The primary aim is to investigate whether prompting with a recommendation to engage 

in self-regulatory strategies (vs. no prompting) generally leads to more engagement in 

self-regulatory strategies. We hypothesize (H1) that prompting (vs. not prompting) increases 

proximal engagement in self-regulatory strategies.

The secondary aim is to investigate the difference between prompting to engage in brief (low 

effort) self-regulatory strategies vs. prompting to engage in more effortful self-regulatory 
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strategies in promoting proximal engagement. Given the multiple demands competing for 

people’s time, effort, and attention in daily life [20, 23, 32], we anticipate that on average 

individuals are more inclined to engage in less effortful recommendations. Hence, we 

hypothesize (H2) that prompting with a recommendation to engage in brief (low effort) 

self-regulatory strategies generally leads to greater proximal engagement than prompting to 

engage in more effortful strategies.

Exploratory aims investigate whether the effect of prompting on proximal engagement is 

moderated by indicators of vulnerability and receptivity. Indicators of vulnerability include 

lower positive emotions such as pride, gratitude, and happiness; greater negative emotions 

such as anger, sadness, and restlessness; lower self-regulatory capacity; risky context, such 

as tobacco outlet proximity and specific locations [e.g., in a bar]; adverse intrapersonal 

factors, such as urge and low abstinence self-efficacy; as well as more stable risk factors, 

such as neighborhood disadvantage, financial stress, poor mental health, heaviness of 

smoking and other substance use. Indicators of receptivity include greater positive activating 

emotions, such as joy, happiness, and gratitude; lower negative deactivating emotions, such 

as boredom and hopelessness; higher self-regulatory capacity; contextual factors, such as 

distant tobacco outlet proximity and specific locations (e.g., home); beneficial intrapersonal 

factors, such as low urge and high abstinence self-efficacy; as well as more stable 

protective factors, such as agency, health literacy, social support and personal resources. We 

hypothesize (H3) that real-time mobile-based prompts increase proximal engagement under 

conditions that represent vulnerability to smoking lapse (H3a) and receptivity to intervention 

prompts (H3b). We will also investigate the association between engagement and subsequent 

vulnerability, hypothesizing that (H4) in general, engagement in self-regulatory strategies 

is associated with reductions in subsequent vulnerability (H4a), with greater reductions 

facilitated by engagement in more (vs. less) effortful strategies (H4b) as they are more 

likely to support skill-learning and resiliency. Given that the effect of prompting may 

dissipate over time due to accumulated exposure to the prompts which may lead to burden 

or habituation (i.e., diminishing tendency to respond to a frequently repeated stimulus [33]), 

exploratory analyses will also investigate whether the proximal effect of prompting (vs. no 

prompting) varies by time.

2.3. Counseling/Pharmacotherapy Interventions

All participants will receive 6 weeks of nicotine replacement therapy (combination of 

nicotine patch and nicotine gum), self-help materials, and counseling. Counseling is based 

on the Treating Tobacco Use and Dependence Clinical Practice Guideline [34]. Sessions 

will provide psychoeducation about nicotine dependence and quitting smoking, encourage 

participants to identify and plan for high-risk situations, and teach cognitive and behavioral 

techniques (e.g., distraction, modifying routines) for avoiding and coping with high-risk 

situations. Nicotine patch/gum dispensation and counseling will occur during the in-person/

virtual visits.

2.4. mHealth Intervention Components

The MARS app was designed to deliver a suite of brief cognitive and/or behavioral 

strategies, as well as more effortful cognitive or mindfulness-based exercises. During the 
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first in-person/virtual visit, participants will receive brief training in the self-regulatory 

strategies listed below. Participants will also receive a smartphone and training in accessing 

and using the MARS app. The MARS app is implemented in the mCerebrum smartphone 

framework [35] that includes apps to collect sensor data from wearable devices and sensors 

in the smartphone, deliver EMAs, and deliver mHealth interventions.

2.4.1. Brief Cognitive and/or Behavioral Strategies—The MARS app will deliver 

prompts (via push notifications) recommending relatively low effort, brief cognitive and 

behavioral strategies based on the current state of the science recommendations [7, 9]. A 

library of more than 180 prompts recommending low effort strategies that are tailored to 

cigarette availability and negative affect was created. Table 1 includes example prompts 

for different scenarios. In general, the prompts were designed to provide simple, easily 

implementable strategies, such as avoiding high risk situations (e.g., move away from places 

where you used to smoke), and using coping strategies like distraction (e.g., go for a walk, 

listen to a favorite song), positive self-talk (e.g., cigarettes will not change situations or 

problems, they only provide a brief escape), support systems (e.g., talk to your family and 

friends and ask them for support), relaxation (e.g., use deep breathing), substitution (e.g., 

fidget with a rubber band to keep your hands busy), and remind and reward (e.g., remind 

yourself of your reasons for quitting).

2.4.2. Effortful Self-Regulatory Strategies—The MARS app includes five relatively 

more effortful self-regulatory strategies that (a) draw on empirically-supported self-

regulation approaches, such as Acceptance and Commitment Therapy [10], and 

Mindfulness-Based Stress Reduction [13]; and (b) were pilot-tested for feasibility and 

acceptability in the mobile setting, showing promising results [14–16, 36, 37]. Table 2 

provides a brief description of each of the five strategies, and the key mechanisms each is 

intended to target.

2.4.3. Randomization to Engagement Prompts—Prompts recommending 

engagement in self-regulatory strategies will be provided via push notifications. Each 

participant will be randomized 6 times per day with equal probability (0.5) to either: (1) 

an engagement prompt; or (2) no prompt. Engagement prompts are further randomized 

with equal probability (0.5) to either (a) low effort strategy prompt; or (b) effortful strategy 

prompt. The content of the low effort strategy prompt will be randomly selected from 

the library of brief, tailored cognitive/behavioral messages (see examples in Table 1). The 

strategy recommended in the effortful strategy prompt will be randomly selected from the 

strategies described in Table 2.

The decision to randomize participants 6 times per day, spreading them throughout the 

day with approximately 2 hours between each randomization was based on a range of 

considerations, including: (a) the motivation to investigate how to best adapt the delivery of 

engagement prompts across time in response to conditions (e.g., affect, behaviors, cognitions 

and context) that are highly dynamic [29, 45–51]; (b) the effort associated with the self-

regulatory strategies; (c) the risk of satiation or burden leading to dropout; and (d) concerns 

that individuals would begin to ignore self-regulatory suggestions through habituation. 
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Additionally, due to practical and ethical considerations, randomizations will not occur if 

driving is detected or if the participant activates the sleep mode on the smartphone.

3. Participants and Procedures

3.1. Eligibility

Participants will be at least 18 years of age, a current smoker who smokes an average of at 

least 3 cigarettes per day, motivated to quit smoking within the next 30 days, reside in Salt 

Lake County, Utah, have a valid home address and functioning telephone number, can speak, 

read, and write in English, and have at least marginal health literacy. Those participating 

via virtual visits must also self-report access to reliable Wi-fi. Exclusion criteria include: 

contraindication for nicotine patch or gum use; active substance misuse or dependence; 

current use of tobacco cessation medications; pregnancy or lactation; or, another household 

member enrolled in the study.

3.2. Recruitment

Participants will be recruited using a comprehensive, multi-pronged recruitment strategy that 

focuses on media and community outreach. Our primary recruitment efforts will focus on 

radio, websites (e.g., Google, Craigslist), social media outlets (e.g., Facebook, Instagram), 

and other online recruitment venues (e.g., Trialfacts). Recruitment flyers will be posted in 

public areas such as community clinics, local restaurants, and bars.

3.3. Initial Screening and Orientation Procedures

Recruitment materials will instruct interested participants to contact study staff by email or 

phone to learn more about the study. Participants will initially be screened for eligibility 

over the phone. Those deemed eligible will be scheduled for an information session, during 

which eligibility will be confirmed, participants will be given more information about 

the study procedures, and study staff will review the Informed Consent Document with 

the participants and answer any questions they may have regarding the study and their 

participation. These procedures will be followed exactly for participants who attend the 

information session virtually, except that the visit will take place via Zoom. Documents 

explaining the study will be projected on the screen so the participant can follow along with 

staff as they go through each detail of the study. At the information session, participants will 

be scheduled for study visits 1–3, which will occur on Day 1, Day 4 (quit date), and Day 10.

3.4. Assessments

3.4.1. EMA Protocol—Six EMAs will be triggered per day during the 10-day MRT. An 

EMA will be triggered ~1 hour following each intervention prompt randomization; hence, 

there will be ~2 hours between each EMA and the next. If driving is detected, EMAs will 

be delayed up to 15 minutes. Because alerts to complete EMAs may occur at inconvenient 

times, participants will be able to delay an EMA for up to 20 minutes, or put the smartphone 

into “sleep” mode for up to 2 hours when it is impossible or inconvenient to respond (e.g., 

attending church). This strategy improves compliance and does not bias the data [52]. Total 

time devoted to EMA is not excessively burdensome (19–34 minutes/day on average), with 

expected compliance rates >75% [53–56]. Our previous research has shown that >90% of 
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completed assessments include no delays [57], and EMA reactivity is nonexistent or small 

[58].

Primary Proximal Outcome:  EMAs will be used to measure the primary proximal 

outcome -- engagement in self-regulatory activities in the past hour following randomization 

to engagement prompts. In particular, the EMAs will ask participants to think about the most 

recent tip (i.e., brief cognitive and/or behavioral strategy) or activity recommended by the 

MARS app and indicate whether (Yes/No) in the last hour they used this tip or activity; any 

other tip or activity recommended by MARS; or any other tip or activity not included in the 

MARS app.

Other EMA Items:  In addition to the three questions assessing engagement in self-

regulatory activities, 44 additional items will be used to assess emotions, substance 

use, intrapersonal, and contextual information. Specific emotion items were derived from 

previous EMA studies, recent empirical data, conceptual models in affective and addiction 

science, and preliminary data [25, 51, 59–68]. Negative emotion items include: angry, 

ashamed, guilty, irritable, lonely, anxious, sad, restless, bored, and hopeless. Positive 

emotion items include: grateful, happy, proud, relaxed, and enthusiastic. Other items 

will assess substance use (e.g., smoking cigarettes, vaping, marijuana use, and alcohol 

consumption) intrapersonal (e.g. motivation, urge, smoking outcome expectancies, self-

efficacy, and self-regulatory capacity) and contextual factors (e.g., cigarette availability, 

smoking restriction, being around other smokers, and social support), recent stressors, and 

patch use.

3.4.2. Visits—Participants will be scheduled for 3 visits that occur on Day 1, Day 4 (quit 

date) and Day 10. At each visit, participants will fill out a battery of questionnaires about 

demographic information as well as relatively stable risk and protective factors (see Table 3). 

Note that Visit 3 also includes usability and acceptability measures, asking participants how 

easy or difficult they found using the study smartphone and the wrist sensors (Likert scales: 

1=Verry difficult to 5=Very easy), how often they had technical problems with the MARS 

app, and how much they liked various features of MARS (Likert scales: 1=Strongly dislike 

to 5=Strongly like), including the prompts and each of the self-regulatory strategies.

Information Session:  Study staff will confirm eligibility and will subsequently give 

participants more information about the study. Staff will review the Informed Consent 

Document with the participant, answer any questions participants may have concerning the 

study and their participation, and schedule study visits 1–3.

Visit 1 (Day 1):  Study staff will confirm that all inclusion criteria are met. Following 

informed consent, participants will be asked to complete a battery of questionnaires and 

then receive tobacco treatment including brief quitting advice, self-help materials, and 

Nicotine Replacement Therapy (NRT). Next, participants will be trained on the use of study 

equipment (i.e., study phone, wrist-worn sensors) and the self-regulatory strategies described 

in Tables 1 and 2. Finally, the next visit date will be confirmed, and participants will be 

compensated for their time. These procedures will be followed exactly for participants who 

attend Visit 1 virtually, except that the visit will take place via Zoom. Study staff will 
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ship all necessary supplies (NRT and NRT guidelines, brief quitting advice booklet, study 

equipment, equipment instructions, equipment return instructions and return shipping label, 

and Adobe Sign instructions for consent) to the participant 5–7 days prior to the scheduled 

visit. During the virtual visit, study documents will be projected on the screen and consent 

will be obtained via Adobe Sign. Participants will also be trained on the use of study 

equipment over Zoom.

Visit 2 (Day 4: quit day):  Participants will fill out questionnaires and receive tobacco 

treatment (brief quitting advice). Staff will confirm study equipment is working properly. 

Finally, the next visit date will be confirmed, and participants will be compensated for their 

time. Similar procedures will be followed for participants who attend Visit 2 virtually, such 

that participants will receive brief quitting advice and staff will confirm study equipment is 

working properly during the Zoom session. Study staff will send participants a link to their 

questionnaires and will instruct them to complete the questionnaires before midnight of the 

following day (i.e., 48 hours from the start of the scheduled quit date).

Visit 3 (Day 10):  Participants will fill out questionnaires and receive tobacco treatment 

(brief quitting advice). Staff will collect the study equipment and participants will be 

compensated for their time. Similar procedures will be followed for participants who 

attend Visit 3 virtually, such that they will receive brief quitting advice during the zoom 

session. Study staff will send participants a link to their questionnaires and will instruct 

the participants to complete the questionnaires within 4 days from the start of the Visit 3 

scheduled date. Participants will also be reminded to return all study equipment using the 

shipping label provided in the materials they received before Visit 1.

3.4.3. Sensor-Based Assessments—The MotionSense HRV wrist-worn sensor 

suite includes a pulse plethysmography (PPG), three-axis accelerometer, and three-axis 

gyroscope. Sensor data collected from MotionSense HRV sensors are streamed to the 

MARS app. Apps within the mCerebrum [35] will apply machine learning (ML) algorithms 

to detect smoking and index of self-regulatory capacity [101, 102].

Smoking:  We will employ puffMarker (97% sensitivity; 1.1% false positive rate) -- a 

smoking detection method that uses MotionSense HRV to track hand-to-mouth gestures to 

detect smoking puffs [103, 104]. These puffs are then composed into smoking episodes 

if the puffs have plausible inter-puff duration and frequency. When compared with daily 

CO-monitoring in an independent smoking cessation study data, puffMarker detected 28 out 

of 32 first lapses (all cases when the sensor suite was worn and collected data at the time of 

lapse). When tested on abstainers, the false positive rate was once every 6 days [104].

Self-Regulatory Capacity (HRV):  Variability in heart rate attributable to respiration is 

directly mediated by the vagus nerve and serves as a marker for parasympathetic activity 

(i.e., high frequency heart rate variability or HRV) [105]. HRV is a likely index of self-

regulatory capacity because brain structures involved in self-regulation and in the autonomic 

nervous system have considerable overlap—especially in the prefrontal cortex [106, 107]. 

Although not without debate, heightened HRV may provide an index of active regulatory 

effort and/or strength [108, 109]. HRV has been assessed in the natural environment 
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[110, 111] by examining root mean square of successive differences (RMSSD). RMSSD 

is calculated by a time series method, which appears to be the most reliable and cost 

efficient way to calculate HRV using ambulatory heart rate data [112, 113]. HRV will be 

continuously monitored using multispectral PPG data (using green and infrared LEDs). As 

the PPG signal is noisy and prone to motion artifacts, a probabilistic algorithm [114] will be 

used to generate likely sequences of interbeat intervals. Then, HRV features such as RMSSD 

will be calculated as averages over the inferred intervals. All procedures will follow the 

recommendations of the Task Force of the European Society of Cardiology and the North 

American Society of Pacing Electrophysiology [115, 116].

GPS/GIS:  We will utilize: (1) assisted GPS technology to track participants, and (2) 

high-resolution Geographic Information System (GIS) datasets (e.g., tobacco retailers; 

stores, bars and other entities serving/selling alcohol) to assess the likelihood of each 

participant being exposed to key environmental factors within their own mobility patterns. 

GIS data will be collected from multiple sources such as the Utah State Tax Commission 

and the Utah State Geographic Information Database [117]. We will first use proven 

geo-computational methods [118–120] to calculate participants’ minute-by-minute mobility 

pattern (e.g., driving, staying, walking). Then we will overlay these patterns with GIS layer 

to estimate exposures using either density (e.g., number of tobacco stores within 0.25 miles) 

or proximity (e.g., distance from the closest tobacco store) based measures.

3.4.4. Compensation—Participants will be compensated up to $400 for participating in 

the study. They will receive $20 each for visits 1–3, $40 for visit 4, and $60 for returning 

all the study equipment. Participants will also receive up to $240 for completing EMAs and 

wearing study equipment (i.e., wrist-worn sensors). In particular, they will receive $4 for 

each completed EMA if they wear the study equipment for at least 60% of the time since 

the prior EMA. If they wear the study equipment for less than 60% of the time since the 

prior EMA, they will receive $2 for each completed survey (6 EMAs per day x 10 days at 

$4 per survey = $240). Note that participants will not be compensated for completing the 

2-question survey since these questions are considered part of the just-in-time intervention. 

Participants will be compensated for study visits at the end of each visit and compensated 

for EMA completion at Visit 3 when they return study equipment. Participants who attend 

Visit 1-Visit 3 virtually will be compensated via mail once study staff confirms they have 

completed their questionnaires. Upon receipt of study equipment via mail, staff will mail the 

compensation for returning equipment and will send a gift card for EMA completion.

3.5. Treatment Fidelity

All participants will receive 6 weeks of nicotine replacement therapy, self-help materials, 

and tobacco cessation counseling to help them quit. To measure treatment receipt and 

compliance, study personnel will record participants’ visit attendance, whether participants 

receive counseling during a visit, and the number of nicotine patches/gums dispensed. 

Furthermore, participants will be asked to report patch/gum compliance via EMA (i.e., 

whether they use a patch/gum during the first 7 days of quitting).
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To ensure proper delivery of mHealth intervention components via the MARS app, 15% 

of participants’ smartphone data will be monitored through the custom dashboard every 

2–3 days and the data will be used to evaluate the functioning and integrity of the micro-

randomization procedures (e.g., by summarizing the rate at which each prompt option was 

delivered across participants). Paradata on app usage and participants’ feedback regarding 

the usefulness of each strategy included in the MARS app will be summarized at the end of 

the study.

3.6. Privacy and Confidentiality

Study participation will be confidential and protected by identifying all subjects by ID 

numbers only, with their names and other identifying information (e.g., address) kept 

in a firewall and password protected file on the institutional server, separate from other 

individual level data files. Data are collected during study visits or in the field. Data 

collected during visits will directly enter via workstations into secure server. The majority of 

the data collected in the field (e.g., GPS and accelerometer data) will be stored in encrypted 

format on a microSD card, which will be uploaded onto a secure server at the University of 

Utah during study visits. This server is in a protected facility monitored physically as well as 

virtually via secure alphanumeric login passwords. Data collected in the field can potentially 

be compromised. For example, participants could lose the smartphone before returning it to 

study staff. However, data on the smartphone is not visible to anyone from the device itself 

and requires specialized software for download and interpretation and will be in encrypted 

format. These data cannot be manipulated by anyone simply by fidgeting with the device.

3.7. Statistical Analysis

3.7.1. Primary Aim Analysis—The primary aim is to investigate whether prompting 

with a recommendation to engage in self-regulatory strategies (vs. no prompting) generally 

leads to more proximal engagement in self-regulatory strategies. To analyze the data, we will 

use a generalization of regression analysis that ensures unbiased estimation of causal effects 

of time-varying intervention prompts in mobile health settings [26, 121]. These analyses 

pool time-varying, longitudinal data across all study participants. Specifically, let t1 denote 

time points at which an engagement prompt may or may not be delivered; t1 ranges from 

1 to 60 (10 days*6 times per day). The proximal outcome is binary (engaged or did not in 

the next hour following t1). We will test the prompt effects on a binary outcome using a log-

linear type model [122, 123]. The causal effect of a prompt recommending self-regulatory 

strategies will be expressed on the (log) “risk-ratio” scale, namely on a scale that measures 

the probability (“risk”) of engagement in the next hour, when a prompt was delivered at t1, 

divided by the probability of engagement in the next hour, when a prompt was not delivered 

at t1. The risk-ratio will be greater than 1 if delivering (vs. not delivering) a prompt at t1 has 

a causal effect on the probability of engagement in self-regulatory strategies in the next hour. 

As noted in section 2.4.3., given practical and ethical considerations, randomization will not 

occur at t1 if the participant is driving a vehicle or if they activated the “sleep mode” on their 

smartphone. Hence, the causal effect the prompt will be estimated only among those time 

points t1 at which driving is not detected and the smartphone is not on a “sleep mode”. The 

model will adjust for gender, age, race/ethnicity, response to the 2-questions survey at t1, 

engagement prior to t1, time of day, and day in the study.
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3.7.2. Secondary Aim Analyses—The secondary aim is to investigate the difference 

between a prompt recommending brief (low effort) self-regulatory strategies and a prompt 

recommending more effortful self-regulatory strategies in terms of promoting proximal 

engagement. The secondary aim will focus on the marginal effect of delivering a prompt 

to engage in low effort (vs. more effortful) strategies at t1 on engagement in self-regulatory 

strategies in the next hour following t1 (binary proximal outcome). We will test this effect 

using a log-linear type model [122, 124] that includes indicators for whether at t1 (i) a 

prompt recommending low effort strategies was delivered (vs. otherwise); and (ii) a prompt 

recommending more effortful strategies was delivered (vs. otherwise). The causal effect 

will be expressed on the (log) “risk-ratio” scale, measuring the probability (“risk”) of 

engagement in the next hour, when a low effort prompt was delivered at t1, divided by the 

probability of engagement in the next hour, when a more effortful prompt was delivered 

at t1. The risk-ratio will be greater than 1 if delivering a prompt recommanding low effort 

(vs. more effortful) strategies has a causal effect on the probability of engagement in 

self-regulatory strategies in the next hour. Similar to the primary aim, the analysis will be 

restricted to those time points t1 in which driving is not detected and the sleep-mode is not 

activated. The model will adjust for gender, age, race/ethnicity, engagement prior to t1, time 

of day, and day in the study.

3.7.3. Exploratory Analyses—Exploratory aims will investigate whether the effects 

of prompting are moderated by indicators of vulnerability and receptivity. This will 

be done by extending the models described in 3.7.1. and 3.7.2 to include interactions 

between the engagement prompt indicators and covariates that represent vulnerability 

and/or receptivity. Covariates will include both dynamic (measured via EMAs and sensor-

based assessments) and more stable (measured during visits 1–3) constructs. We will 

also investigate whether the proximal effects of prompting, described in the primary and 

secondary aim analyses, vary by time. This will be done by extending the models described 

in sections 3.7.1. and 3.7.2 to include interactions between the prompt indicators and time 

in the study. Estimates of the risk ratios for comparing the prompt options at different 

levels of each candidate moderator and their 95% confidence intervals will be reported. 

Finally, we will investigate the effect of engagement in the next hour following t1 on 

subsequent indicators of vulnerability (observational comparison), conditional on indicators 

of receptivity, vulnerability, and the engagement prompt option at t1.

3.7.4. Missing Data—A thorough investigation of mechanisms for missing data will 

be carried out. Missing data will be dealt with explicitly using multiple imputation (MI) 

procedures [125]. In sensitivity analyses, data for all aims will be analyzed with and without 

MI. Since non-completion of EMAs may be associated with intervention disengagement, the 

data will also be analyzed with EMA non-completion considered as non-engagement and 

any discrepancies will be reported.

3.8. Sample Size and Power

Sample size (N=112) was planned based on the primary aim comparison between delivering 

vs. not delivering a prompt, assuming 10% dropout (N=100 after attrition), two-sided 5% 

Type-I error, within person correlations ranging between 0.65 – 0.67 and 0.15 probability 
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of engagement in the next hour if a prompt was not delivered at t1. Power calculators 

do not exist for MRTs with a binary proximal outcome, hence we approximated power 

using simulations (code and documentation are available online [126]). Given that micro-

randomization at a given time point t1 will occur only if the individual is not driving and 

the sleep-mode is not activated on the smartphone, power is reported (see Table 4) for 

varying average rates of micro-randomized time points throughout the study (i.e., 80%, 

85%, and 90%). As can be seen in Table 4, even if on average micro-randomizations occur 

on only 80% of the 60 possible time points during the study, a sample size of N=100 

will allow us to address the primary aim with adequate power. Specifically, sample size of 

N=100 will enable us to reject the null hypothesis of no difference between prompting and 

no prompting (primary aim) with 84% power when the risk ratio for the effect is ≥ 23% 

greater engagement in favor of the engagement prompt, which is considered small [127]. 

This sample size will also allow us to address the secondary aim with adequate power 

(see Table 4). Specifically, we will reject the null hypothesis of no difference between the 

two types of engagement prompts with 82% power when the RR for the effect is ≥31% 

greater engagement in favor of a prompt recommending a low effort strategy (vs. a prompt 

recommending a more effortful strategy), which is considered between small to moderate 

[127]. Note that Type 1 error rates for the primary aim and the secondary aim are each set to 

0.05.

4. Summary

4.1. Overview of Study

The MARS study will conduct a micro-randomized trial (MRT) to investigate whether, 

what type, and under what conditions prompting smokers attempting to quit to engage in 

self-regulatory strategies promotes proximal engagement in these strategies. JITAIs hold 

tremendous potential for promoting smoking cessation [36] and there is increased interest 

in empirically developing JITAIs that deliver real-time support to smokers attempting to 

quit [128–131]. However, there is scant evidence to guide the development of a JITAI that 

effectively engages smokers attempting to quit in self-regulatory strategies in real-time.

4.2. Importance of Optimizing a JITAI to Support Smoking Cessation

To the best of our knowledge, MARS is the first full-scale MRT designed to inform the 

construction of a JITAI that promotes real-time, real-world engagement in self-regulatory 

strategies among smokers attempting to quit. To our knowledge, existing studies focusing 

on the development of JITAIs for smoking cessation primarily concern feasibility and 

acceptability, providing initial evidence of efficacy or proof of concept [128–130]. While 

these studies represent an important first step in laying the groundwork for building effective 

JITAIs, the Multiphase Optimization Strategy [MOST; 132] highlights the importance of 

conducting full-scale trials to inform the optimization of JITAIs. Here, optimization refers 

to gathering information to decide when and how to intervene in order to comprise an 

effective and practical (i.e., effective given real-world constraints) mHealth intervention, 

prior to evaluating its effectiveness relative to control [132]. To optimize a JITAI, it 

is critical to systematically answer questions about when and how to intervene given 

constraints that are imposed by the person’s natural environment, where multiple demands 
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compete for their time and attention. Hence, the current study will employ a full-scale 

MRT to answer scientific questions about whether and how to prompt engagement in 

self-regulatory strategies. We will also investigate whether prompting engagement in self-

regulatory strategies is more beneficial under conditions that represent vulnerability to a 

lapse and receptivity to mobile-based prompting. Answering these questions will inform 

the development of JITAIs that effectively address real-time vulnerability for a lapse, while 

minimizing participant burden. Given that mobile technology can overcome many of the 

barriers that have hampered the use of other evidence-based smoking cessation treatments 

(e.g., the lack of time, transportation issues, and cost) [129] an effective and practical JITAI 

has enormous potential to expand the reach and impact of smoking cessation interventions.

4.3. Novel Aspects of Design

This trial is uniquely designed to address open scientific questions concerning the 

construction of a JITAI to support smoking cessation. The MRT is a novel trial design 

developed explicitly for use in optimizing JITAIs. MRTs are intended to address research 

questions about whether and under what conditions just-in-time intervention options are 

effective. The current study employs a MRT whereby smokers attempting to quit are 

randomized 6 times per day to just-in-time prompts intended to engage them in self-

regulatory strategies. These data can be used not only to inform the development of a JITAI, 

but also to develop more dynamic health behavior theories that explain how dynamically 

changing mechanisms, such as self-regulatory capacity and emotions, interact to shape an 

individual’s responsiveness to real-time engagement prompts.

Another novel aspect of the design is the integration of EMAs with objective, real time, 

real world assessments of lapse, self-regulatory capacity and context. Although participants 

generally show reasonable compliance with triggered EMAs, they are particularly likely to 

fail to initiate or respond during critical moments (e.g., lapse) [133]. Because MotionSense 

HRV indexes real time lapse and self-regulatory capacity without requiring any volitional 

action, a fundamental problem plaguing previous momentary assessment approaches is 

minimized. Further, the current study will investigate specific locations as indicators of 

vulnerability and/or receptivity. Research examining place has suffered from an almost 

exclusive focus on residential address and use of static census block data, which ignores the 

fact that individuals spend much of their day outside of this sphere of influence, hindering 

accurate assessment of exposure to environmental factors (e.g. tobacco outlets, bars). Here, 

we overcome these barriers by leveraging assisted GPS technology and high-resolution GIS 

datasets to objectively ascertain key environmental factors within the person’s own mobility 

patterns. In addition, detection of exposures to personal and public smoking spots [134] will 

provide potent exposure measures not utilized in prior studies.

Finally, the current study is designed to examine differential effects of distinct emotions, and 

self-regulatory capacity. Building on modern affective science, the proposed research will 

be among the first to investigate how dynamic fluctuations in distinct emotions represent 

vulnerability and receptivity. Moreover, although self-regulatory capacity is hypothesized to 

be perhaps the most proximal indicator of lapse risk, and to dynamically fluctuate over time, 

the proposed study will be the first to investigate how patterns over time in self-regulatory 
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capacity relate to vulnerability and receptivity to engagement prompts. The hypothesized 

effects are consistent with theory, but have been impossible to accurately assess to date in 

the absence of real-time, real-world data [135, 136].

4.4. Limitations

The study design described in this paper may have several limitations. First, caution 

should be used in generalizing the results of the MRT to individuals who use exclusively 

e-cigarettes or marijuana. Although electronic cigarette/vaping and marijuana use are 

prevalent (about 3% and 7% of adults, respectively; [137, 138]), the Surgeon General notes 

the importance of continued efforts to reduce the use of all tobacco products. Additionally, 

even though we include participants who may use multiple nicotine/tobacco products, 

cigarettes remain the most commonly used product by far among adults. As such, studies 

of cigarette smoking remain extremely relevant [137–139]. Given that co-use of tobacco 

and cannabis and tobacco and e-cigarettes is prevalent, the EMA protocol in the current 

study includes items that ask about the use and timing of use of both e-cigarettes and 

marijuana at every assessment. Further, EMAs ask about motivation to be abstinent from e-

cigarettes, urge to use e-cigarettes, e-cigarette related expectancies (e.g., whether e-cigarettes 

will improve mood), and self-efficacy to be abstinent from e-cigarettes. These data will 

allow future exploration of co-use of combustible cigarettes, e-cigarettes, and marijuana, 

and the association between engagement in self-regulatory strategies and abstinence from 

these products. Second, while the focus of the current study is on promoting real-time, real-

world engagement in self-regulatory strategies, promoting engagement with other treatment 

components such NRT and brief counseling is also of practical and scientific importance. 

Future studies can be designed to investigate how mobile technology can be leveraged to 

prompt engagement in multiple smoking cessation intervention components.

5. Conclusions

This paper describes the protocol of a research project designed to inform the development 

of a JITAI to support smokers attempting to quit. An MRT will be utilized to micro-

randomize each individual 6 times per day to either (a) a prompt recommending brief 

(low effort) self-regulatory strategies; (b) a prompt recommending relatively more effortful 

self-regulatory strategies; or (c) no prompt. The primary proximal outcome is engagement 

in self-regulatory strategies, self-reported via an EMA approximately 1 hours following 

micro-randomization. The results will build the empirical foundation necessary to develop 

JITAIs that effectively utilize intensive longitudinal self-report and sensor-based assessments 

of emotions, self-regulatory capacity, context and other factors to engage an individual 

in the type of self-regulatory activity that would be most beneficial given their real-time, 

real-world level of risk (vulnerability) and ability/willingness to engage (receptivity).
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Figure 1: 
Conceptual Model for MARS
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Figure 2: 
Study Design
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Table 1.

Example Prompts Recommending Low Effort Self-Regulatory Strategies

Cigarettes are available Cigarettes not available

Negative 
affect 
present

- Leave the situation until the temptation to smoke has 
passed or call a supportive friend. Talking about what is 
stressful can help you feel better.
- Believe in yourself – you can do it! If you are feeling 
stressed or down, be sure to avoid being around cigarettes 
right now.
- When you are feeling stressed, leave if cigarettes are 
available or drink a tall glass of water. You’re in control!

- Quitting can be tough, so try to relax. Listen to calming music 
or call or text a family member or friend to lean on.
- By quitting you may feel you’ve lost part of yourself – use this 
time to start a new healthy habit like walking 10 minutes a day. 
You deserve success!
- Occupy your mind by going out for fresh air, or remind 
yourself that you are capable of getting through the ups and 
downs that come with quitting.

Negative 
affect not 
present

- Instead of picking up a cigarette, do something new with 
your hands. An idea is to play a game on your phone!
- If there are cigarettes nearby then leave, even if for a 
minute, or remind yourself that you stopped smoking for 
your health. Stay strong, even if it’s tough!
- You got this! If cigarettes are around remind yourself that 
smoking is not an option and you chose not to smoke!

- Be proud of the work you’re doing to change your life! Create 
a list of rewards you can give yourself for staying quit.
- Surround yourself with people who give you positive support 
for the work you’re doing, or think of how much money you will 
save by not buying cigarettes.
- Ask a friend to help you start healthy routines that don’t 
include smoking. Believe in yourself - you can do it!

Note: This table contains 12 examples of prompts from a library of more than 180 possible prompts developed by our team. The prompts are 
tailored based on the participant’s response to the brief 2-questions survey delivered prior to each micro-randomization. If the participant does not 
complete the brief 2-question survey, the prompt will recommend more general strategies such as those described in the lower-right quadrant of the 
table.
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Table 2:

Effortful Self-regulatory Strategies

Activity Description Example Key Mechanisms

Mood surf Learning and practicing how to manage stressful 
thoughts and emotions (e.g., urges) by “riding the 
waves” as they fluctuate in intensity.

Acceptance: The non-judgmental embracing of cognitions, emotions, 
and sensations as they occur without efforts to control them [38, 39].

Meditate Learning and practicing how to cultivate mindfulness 
by directing attention to experiences that are occurring 
in the moment without judgment.

Decentering (mindful awareness): the capacity to observe thoughts, 
feelings, and memories with healthy psychological distance, greater 
self-awareness and perspective-taking [40, 41]

Imagine Learning and practicing how to create distance between 
themselves and an unwanted thought or feeling.

Cognitive defusion: The separation of thoughts from the self and from 
what they refer to, without a direct attempt to modify their content [38, 
39].

Notice Learning and practicing how to become more aware 
of and accept uncomfortable thoughts, feelings, and 
physical sensations.

Attention and awareness: Increasing focused attention and conscious 
awareness to current thoughts, feelings, and sensations and allowing 
them to enter the mind with acceptance [39, 42].

Joy Learning and practicing relaxation via deep breathing 
and directing attention to content (photos) that brings 
joy and gratitude.

Savoring: The capacity to attend to and appreciate positive 
experiences and thoughts in order to savor or prolong enjoyment (i.e., 
to up-regulate positive emotions)[43, 44].

Note: The mechanisms listed above are example key mechanisms targeted by each activity. However, there may be substantial overlap among these 
(e.g., acceptance may be a mechanism targeted by Mood surf, Meditate and Notice).
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Table 3.

Study Visits Measures

Demographic information, socioeconomic status [69–71]

Tobacco use, dependence, withdrawal, and other substance use [72–82]

Predispositions, mental health, stress, affect [83–89]

Agency, Self-regulation [90–92]

Social support, personal resources [93–95]

Neighborhood disadvantage [96]

Health behavior, health literacy, self-rated health, and medical conditions [78, 97–100]
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Table 4.

Estimated Power for N=100

Average rate of no driving and no sleep-mode at t1 Primary Aim: Power when RR=1.23 Secondary Aim: Power when RR=1.31

80% 0.84 0.82

85% 0.85 0.85

90% 0.86 0.87
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