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Effect of a mobile just-in-time implementation intention
intervention on momentary smoking lapses in smoking
cessation attempts among Asian American young adults
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Adam M. Leventhal*

Abstract

Identifying vulnerable windows for a given problematic behavior
and providing timely and appropriate support are critical for
building an effective just-in-time (JIT) intervention for behavioral
change. We developed and evaluated an implementation
intention (I1) based, JIT cessation intervention prototype to
support Asian American young adult smokers to prevent lapses
in their cessation attempts in real-time. We examined how a

JIT Il reminder may prevent lapses during self-identified high-
risk smoking situation (HRSS) as a microtemporal process.

We also tested whether the effect of JIT reminder changes

over the course of study and differed between those who

used their own versus project loan phones. Asian American
young adult smokers (N = 57) who were interested in quitting
or reducing smoking participated in a 4 week, mobile-based,
cessation study (MyQuit USC, MQU). MQU is a JIT mobile app
that deploys a user-specified Il reminder at user-specified

HRSS and assesses momentary lapse status. Generalized
mixed linear models were conducted to assess the effect of

the JIT intervention on lapse prevention. We found a significant
interaction effect (p = .03) such that receiving JIT reminder
reduced the likelihood of lapses for participants using their

own phones but not for the loaners. The results also showed
that when participants enacted the suggested Il, they were less
likely to lapse (p <.001). The JIT effect did not change over time
in study (p = .21). This study provides evidence that receiving

a reminder of a smoker’s own plan just before a self-identified
risky situation on a familiar device and successfully executing
specified plans can be helpful in preventing lapses. Our results
highlighted factors to consider when designing and refining a JIT
intervention.
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INTRODUCTION

With advancement in technology, just-in-time (JIT)
personalized interventions have been suggested
as effective methods that could promote changes
in a wide variety of health behaviors [1-5]. A JIT
intervention is operationalized as a timely, relevant
type of support, that is delivered only when it is re-
quired and appropriate in order to facilitate desired

Implications

Practice: Receiving a reminder of a smoker’s own
intention just before a selfidentified risky situ-
ation can be helpful in preventing lapses among
Asian American young adult smokers.

Policy: Policymakers working on decreasing
combustible cigarette use among minority
young adults are recommended to incorporate
large-scale, just-in-time (JIT), tailored interven-
tions to existing cessation aid services.

Research: Future research should continue to in-
vestigate microtemporal contextual moderators
for behavioral change that can be used to opti-
mize the effectiveness of the JIT interventions.

behavioral changes [3,6]. Despite its potential role
in supporting behavior change, researchers have
noted a disconnect between current technological
capacity and existing behavioral theories to guide
the development of JIT interventions [3,7].

A pragmatic behavioral framework is needed
that identifies specific moments preceding risky be-
haviors (i.e., behavioral antecedents) unique to a
person, such as time of the day or location. It has
been suggested that such a framework be couched in
individualized ecological contexts, such as presence
or absence of social support or levels of exposure to
cues associated with a certain behavior, that may be
static or dynamic over time [7]. These moments can
be prioritized as vulnerable windows for problematic
behavior and timely opportunities (when a person is
receptive) for potential intervention. The timeliness
(i.e., when) and content (i.e., construct to target in
order to encourage behavioral change) of effective
interventions for a given behavior is an area of active
research. The current study exemplifies this research
effort in developing and evaluating a JIT interven-
tion prototype to support Asian American young
adult smokers to prevent early lapses in their cessa-
tion attempts in real time.
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Deciding when to intervene: identifying windows of vulner-
ability for a target behavior

Identifying the temporal and contextual windows as-
sociated with a given problematic health behavior is
an empirical task because, often, guidance found in
the literature on such windows is scant [7]. Moreover,
timepoints dependent on socioecological constructs
specific to a broad population may not generalize to
understudied populations, such as Asian Americans.
Similarly, available theories may be too general be-
cause the time “windows” would depend on how
one thinks about timescales (defined as “the size of
temporal intervals used to develop or test a theory”)
for a given behavior [7, p. 1212]. Accurate predic-
tion of the exact time when a smoker is about to light
up a cigarette (in minutes or seconds) may be neces-
sary to deploy appropriate JIT cessation support in
real time. To identify these windows of vulnerability,
researchers have employed various strategies that
trigger JIT cessation support prompted either by
users, programmed schedules or algorithms, or com-
bination of both. Some mobile cessation apps have
relied on smokers themselves to request JI'T support
when they experience craving although such user-
triggered methods typically lead to low use [8-10].
Others have employed automated methods where
support is sent out on fixed or variable schedules
[11,12] or sensor-assisted, context-sensitive sys-
tems [13—-15]. One of the few similar studies used
machine-learning methods to identify windows of
vulnerability using a realtime selfreported sam-
pling strategy known as ecological momentary
assessment (EMA) in tandem with GPS-assisted vir-
tual boundaries (i.e., geofencing) [2]. These devices
and methods, however, have been mostly tested in
highly controlled settings and offer insufficient ac-
curacy for identifying windows of vulnerability to
justify user burden. Problems with feasibility and
sustainability of wearing or carrying devices during
a cessation attempt are also of concern [2].

Young adult Asian American smokers as a high-risk/priority

population

Although overall cigarette smoking rates among
Asian Americans appear to be lower than the na-
tional average [16], this group show substantial
subgroup variation in the prevalence of cigarette
smoking, ranging from 7.6% (Chinese and Indians) to
20% (Koreans; CDC) [17]. Recent research also high-
lights the need for culturally tailored tobacco-control
surveillance efforts, such as including non-English-
speaking participants and community-participatory
research methods when collecting survey data [18]
to capture more accurate prevalence rates of to-
bacco use among younger segments of these ethnic
groups. Young adult smokers are also more likely
to be “light” or “intermittent” smokers, which may
be associated with unique barriers during cessation
attempts despite low levels of nicotine addiction

[19-21]. Furthermore, these individuals are often
immersed in environments where smoking is cul-
turally encouraged and socially functional [22]. The
existing research has examined the effectiveness of
more conventional approaches, such as telephone
quitlines [23], culturally tailored face-to-face [24]
or telephone or video [25] individual counseling,
family-based telephone counseling [26], nicotine re-
placement therapy (NRT) [27], NRT combined with
motivational interviewing [28], and web-based inter-
vention [29]. To date, the current study represents
one of the first attempts to pilot test an implementa-
tion intention (II) based, JIT cessation intervention,
specifically targeting young Asian American adult
smokers.

From our previous formative research involving
both quantitative and qualitative data obtained
from Asian American young adult smokers [30], we
learned that these smokers were typically aware of
the times and/or the contexts in which they would
light up a cigarette within a day. These smokers
often describe that smoking is “culturally functional”
in enhancing or maintaining social bonding [31,32]
and emphasize its close cultural tie with food and
drinking [22]. These young adults also visit places
(e.g., restaurants and bars in ethnic enclaves) that
could trigger smoking urge as cigarette use is highly
prevalent and deemed as a cultural norm [33].
Although we had initially considered incorporating
real-time locational data, we reasoned that battery
drainage issues and detection inaccuracy associated
with location-based technology would add burden
to participants. Thus, the current study expanded
upon our formative research and employed a feas-
ible and scalable approach to automate personalized
JIT support for prerecorded, user-specified windows
of vulnerability for lapse or high-risk smoking situ-
ations (HRSSs). Specifically, the JIT architecture in
this study requested smokers to identify and record
HRSS windows (defined by hours on a given day) in
the form of a calendar-based system prior to starting
their quit attempt. This information was used to de-
ploy automated and personalized JIT support for
each HRSS window per smokers’ individual daily
schedules.

Deciding on what JIT support to deploy: role of relevant Il
reminders

Forming IIs [34] to perform a behavior has been the-
orized to assist people in making various behavioral
changes [35-37], including smoking cessation [38-
40]. IIs refer to plans specifying where and when to
initiate a particular action by creating specific be-
havioral responses (e.g., I will leave my cigarettes in
my trunk) to specific cues (e.g., when I drive) [34,37]
and have been shown to be effective in pursuing a
chronic or complex goal (e.g., remain abstinent)
[41,42]. Compared to goal intentions, IIs represent
more automated goal-striving strategies that require
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less cognitive effort to initiate and perform the in-
tended behavior. Over time, successfully executing
these plans would promote self-regulation and facili-
tate goal intentions during specific times or contexts
[34]. Gollwitzer and Sheeran [37] contended that IIs
facilitate forming new habits via establishment and
automation of an “ifthen” behavioral chain (e.g.,
when I “wake up in the morning” and I will “brush
my teeth” instead of “smoking”). As these concrete
II plans become a habit to encourage or substitute
a given behavior over time, IIs are also believed to
help one recognize relevant cues and contexts in an
enhanced manner.

Because IIs are concrete, specific plans tied to
highly personalized contexts, they may be particu-
larly effective when delivered in a JIT fashion, such
as a reminder. However, it is noteworthy that a large
volume of the existing literature on II interventions
has primarily focused on assessing their effective-
ness on cessation outcomes either at nonintensive
time intervals (e.g., between-group pre—post design
[39,43] or in between-group longitudinal designs
with monthly measures [44]) and/or in laboratory
settings [45,46]. Thus, additional work is needed to
determine whether IIs, when delivered JIT during
HRSS in the form of Il reminders, are effective when
assessed in more detailed microtemporal timescales,
such as hours within a day.

The current study

In this current study, we investigated the effect of
JIT II reminders on reducing momentary lapses
during a mobile-supported smoking cessation at-
tempt among Asian American young adults by as-
sessing the lapse outcome in near real time. Further,
our study design allowed us to assess whether the
user-specified IT was indeed executed in an effort of
avoiding momentary lapses. Therefore, we exam-
ined how an II reminder and subsequent enactment
may prevent lapse during HRSS as a microtemporal
process and hypothesized the following a priori:

HI: On average, participants would be less likely to
lapse when receiving an II reminder during a
personalized HRSS than when not receiving the
reminder.

H2: Successfully enacting prespecified IIs would de-
crease the likelihood of momentary lapses.

Furthermore, as our JIT intervention, MyQuit USC
(MQU), is compatible only with the Android plat-
form and only about a third of the sample (zn = 16,
28%) interacted with MQU on their own phones, we
include the phone type (loan vs. own phone) as a
person-level moderator. In addition, exit interviews
informed us that how far along a smoker is within the
4 week cessation period is another important moder-
ator to consider when assessing JIT II effectiveness.
Participants mentioned that the second and third

weeks of the quit attempt were notable time points.
During these weeks, some participants reported that
they became more motivated to follow their II re-
minders and enact their IIs, while others lost interest
in engaging with MQU features altogether or found
the quit process too difficult. As we were interested
in studying the habit-formation process during cessa-
tion attempts, we consider the passage of time since
the beginning of quit attempt as a highly relevant
contextual factor for JIT effectiveness and, there-
fore, examined whether the JIT effect is consistent
throughout the cessation period. Thus, we formally
tested the following exploratory hypotheses:

H3: The effect of JIT reminder on lapse avoidance
would be stronger for those participants who inter-
acted with MQU on their own Android phones.

H4: For H1 and H2, the effect of JIT reminder would
decrease over the cessation period, as we postu-
lated that HRSS recognition and II enactment
would become increasingly more habitual for

participants.

METHODS

Participants

Participants were Asian American, English-speaking,
young adult daily smokers (18-25 years of age; self-
identified Asian Americans; and combustible cigar-
ette users who smoked 5+ days/week) who wanted
to reduce or quit smoking. For recruitment, we tar-
geted social media sites of community organizations
and local college campuses in Southern California.
Study flyers were also distributed at special events
or places where these adults tend to congregate
(e.g., popular restaurants and bars). Out of 153 parti-
cipants who had been recruited and/or had initially
contacted us, 52 could not be reached after several
attempts, 9 were no longer interested, and 28 were
ineligible. Sixty-four individuals were enrolled, 7 of
whom either voluntarily dropped out or we ended
their participation before completion due to per-
sistently poor (<50%) compliance with the study
protocols. Therefore, the final person-level sample
size was 57 Asian American young adult smokers.
Power calculations for Level-2 sample size were not
conducted a priori given the pilot nature of the cur-
rent study.

MQU protocols

The University of Southern California Institutional
Review Board approved all research procedures
of the study. The full details on the MQU app de-
velopment via formative research have been pub-
lished elsewhere [30]. To briefly summarize the
protocol details relevant for the current study,
MQU is a JIT mobile phone cessation app that de-
ploys a user-specified II reminder in a JIT manner
(i.e., 10 min prior to a user-specified HRSS hour)
for 4 weeks.
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To assess whether receiving an II reminder re-
duces the likelihood of momentary lapse, we ran-
domized whether or not the system sent out the
personalized II reminder at each HRSS window,
at a 75% rate (i.e., within-person randomization). In
other words, each participant was prompted with a
push notification containing their own personalized
II reminders corresponding to each HRSS, only 75%
of the time. Borrowing the JIT framework termin-
ology, each HRSS for an individual participant was
a decision point [7]. Subsequently, the momentary
lapse outcome was assessed via a brief EMA survey
at 45 min after the beginning of every user-specified
HRSS hour window (e.g., 9:45 am in an HRSS-
specified window as 9:00-10:00 am). MQU has
additional features where participants can record
non-HRSS lapses (“Oops I smoked!”) and where
they can prompt II reminders on demand (“I'm
craving a cigarette!”). Participants also responded to
a brief end-of-the-day survey each night at a speci-
fied time. The system also logged interaction data
(e.g., whether a participant viewed the JIT prompt
and the frequency of landing on MQU home page).
The current study focuses on the momentary lapse
data as the outcome.

Procedures

The data were collected from February 2016 to
June 2018. During the initial meeting with trained
research assistants, participants provided informed
consent and completed a 20 min baseline survey on
demographic characteristics and smoking-related
history, including nicotine dependence assessed
with Fagerstrom Test of Nicotine Dependence
(FTND) [47]. After completing the survey, research
assistants helped participants set up an account
on MQU.

Given MQU’s compatibility only with the Android
platform, we distributed a loan phone if the partici-
pant owned an iPhone (z = 41, 72% of the sample).
If participants owned an Android, we helped them
download the MQU app on their own phones. Once
logged in, participants were asked to select their de-
sired quit date within the following 10 days and
input the quit date in the system. Afterward, par-
ticipants were asked to compile their personalized
HRSS on the customized MQU calendar along with
corresponding II reminders. Participants were en-
couraged to specify their own unique HRSSs and
IIs; the MQU app also presented prepopulated sug-
gestions for HRSSs and IIs from which participants
could select. Participants were required to compile
at least five HRSSs each day (up to maximum 24
HRSSs). Therefore, each time block entry a partici-
pant selected within a day was linked to a specific
context (i.e., situation) and/or time window associ-
ated with personalized HRSS and was targeted in
the intervention. To streamline the input process,
participants could opt to copy daily schedules for

weekdays and separately for weekends. This initial
meeting took approximately 30-60 min.

To minimize missing data, trained researchers
monitored participants’ EMA and end-of-day survey
data daily and contacted participants via their per-
sonal phones to encourage their participation when
compliance rates fell below 80%. Upon completion
of the 4 week quit attempt with MQU, we conducted
approximately 1 h semistructured exit interviews fo-
cusing on user experience/engagement and their
quit processes. The exit interviews were audio-taped
and transcribed verbatim by research assistants.
Participants received up to $200 (7$7/day for com-
pleted surveys) for their participation.

Measures

Independent variable

The within-person, JIT II reminder randomization
sent out 10 min prior to a user-specified HRSS was
the main predictor (when Il reminder sent = 1; when
IT reminder not sent = 0).

Dependent variable

After every HRSS, upon which MQU reminded
participants what the scheduled HRSS was, parti-
cipants were asked whether they smoked (yes = 1,
no = 0) during the given HRSS. This momentary
lapse status was the primary dependent variable for
this study.

Covariates

At each postHRSS EMA, participants were also
asked to indicate whether they followed through
with their specified II plan for a given HRSS (yes/
no). The MQU system also logged whether a par-
ticipant viewed the II reminder when the notifi-
cation arrived by opening the notification and
clicking “Okay” (hereafter “acknowledged”). This
promptlevel interaction was aggregated to calcu-
late person-level averages; we use this variable as a
proxy for each participant’s level of exposure to the
II reminders.

Contextual moderators

As our participants informed us of the significance
of time passage during their quit process, we con-
sidered weeks in study as an important, within-
person contextual moderator. The phone type
(loan = 1 vs. own phone = 0), a person-level, study
design-related moderator, was also included as an ef-
fect modifier.

Statistical analyses

A set of four generalized mixed linear models were
conducted to predict the likelihood of momentary
lapse, using SAS 9.4. For Model 1, the main pre-
dictor was the JIT II reminder status (H1; 1= II re-
minder sent, 0 = I reminder not sent). Subsequently,
we tested the effect of enacting the II on momentary
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lapses (H2), controlling for the person-level ex-
posure proxy variable, study week, and phone type
(Model 2). In Model 3, we tested the II effect mod-
eration by phone type (H3) by including an inter-
action term between II reminder and phone type. In
Model 4, we included additional interaction terms
by time in study (H4).

RESULTS
Descriptive statistics for person- and promptlevel
characteristics are provided in Table 1.

Person-level descriptive statistics

The participants were Asian American young
adults who were current daily smokers (N = 57,
Mage = 21.7, 22.8% female, 84.2% Korean American).
The mean FTND score was 2.56 (standard deviation
[SD] = 2.03). About half of the participants (47.4%,
n=27) reported smoking fewer than five cigarettes
per day; 52.6% of the sample (n = 30) reported
smoking six or more cigarettes per day. A majority
of the participants (57.9%, n = 33) began smoking
before they turned 15 and the remaining parti-
cipants (42.1%, n = 24) started smoking at 15 and
older. Twenty participants (35.1%) reported some

form of e-cig use at least 1 day out of the 4 week
period. Participants specified 5.18 HRSSs per day
on average (SD = 1.45, max = 9). The average rate
of acknowledging the II reminder when it was sent
was 52.68% (range: 3.70%-70.07%). On average, par-
ticipants reported lapses 17.29% of the time and on
8.91 days of the 4 week period.

Prompt-level descriptive statistics

As detailed in Table 1, there were a total 8,262
lines of HRSS prompt-level data generated by the
system, 7,682 of which MQU successfully logged the
randomization condition at decision points (i.e., the
baseline Level-1 sample size). The log data showed
that planned randomization was successfully de-
ployed; the JIT II reminders were sent out at an
average rate of 74.6% (n = 5,734) of the HRSS (ran-
ging from 65.7% to 81.5% across participants). On
average, participants acknowledged receiving the
IT reminder 52.68% of the time (person-level rate),
which equates to approximately half (n = 2,992;
52.18%) of the JIT II reminders sent out.

Out of 7,682 possible randomization-initiated
HRSS prompts, participants responded to 4,333 of
the postHRSS EMA (56.40%), which serves as the
effective sample for the current study. The missed

Table 1 | Descriptive statistics

Person level (N=57) M (SD)/n(%)
Age 21.72(2.14)
Female 13 (22.8%)
Ethnicity

Korean American 48 (84.2%)
Chinese American 6 (10.5%)
Japanese American 1(1.7%)
Vietnamese American 1(1.7%)
Indian American 1(1.7%)
FTND total score 2.56 (2.03)
Number of days smoked last week 6.23 (0.91)
Number of cigarettes per day last week 4,58 (0.78)
Began smoking before 15 years 33 (57.9%)
Have tried to quit in the past 44 (77.19%)
Vaped for 21 days during MQU 20 (35.09%)
Used own Android phone 16 (28.07%)
Il randomization rate 74.50 (4.03)
Post-HRSS EMA compliance rate 58.70(21.82)
Il reminder acknowledgment rate 52.68 (22.27)
Momentary lapse rate 16.44 (18.15)
Total number of days lapsed 8.91(7.98)

Prompt-level (N=7,682) M (SD)/n (%)

Il reminders deployed 5,734 (74.64%)

Interacted with MQU to acknowledge Il
reminders that were deployed

2,992 (52.18%)

Post-HRSS EMA complied 4,488 (58.42%)
Momentary lapse 776 (17.29%)
Carried out suggested Il 2,557 (56.97%)

EMA ecological momentary assessment; FTND Fagerstrom Test of Nicotine Dependence; HRSS high-risk smoking situation; //implementation intention.
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EMA surveys were not related to gender (p =.38),
FTND score (p = .42), use of vaping (p = .08), weeks
in study (p =.79), or time of the day (p = .45). As ex-
pected, however, participants were more likely to
fail to respond to EMA surveys on weekends than
weekdays (p=.007); those who had loan (vs. own)
phones were also more likely to miss EMA surveys
(p=.003). Momentary lapses were reported in 776
prompts (17.29%). Participants reported enacting the
suggested IT at 2,557 prompts, about half of the spe-
cified HRSSs (56.97%).

Effects of JIT reminders on momentary lapse averaged
across the study period

Main effects of JIT reminders: HT

As seen in Model 1 of Table 2, in the unadjusted
model, we found that, on average, participants were
not less likely to lapse when they received JIT re-
minders relative to when they did not receive them
(Model 1: 5 = —0.14, OR = 0.87, p = .16). Therefore,
H1 was not supported. The JIT reminder effects
remained nonsignificant (Model 2: & = -0.11,
OR = 0.90, p=.30) when controlling for time in
study, the main effect of phone type, the between-
person engagement proxy variable, and whether the
II given plan was enacted.

Effects of I enactment: H2

We found that when participants reported enacting
the given II (vs. failing to enact), the likelihood of
momentary lapse was significantly reduced (Model
2:b=-1.07,OR = 0.34, p < .001), providing support
for H2. The main effects of time in study (b = —0.07,
OR = 0.93, p = .09), using participants’ own Android
vs. loan phone (6 = 0.19, OR = 1.21, p=.72) and
“acknowledging” the II reminder prompts more fre-
quently versus less so (b = —=1.58, OR = 0.21, p = .27)
were not significantly related to the likelihood of
lapses.

Phone type and time in study as JIT effect modifiers: H3
and H4

To test H3, we examined whether the JIT effect on
momentary lapses differed between those who used
their own versus loan phones (see Table 2; Model
3). Averaged across all study weeks, the JIT effect
for loaner participants was not significant (6 = 0.05,
OR = 1.19, p=.70). The significant interaction
(b =-0.47, p = .03) signaled that, for those who used
their own phone, the likelihood of lapse was signifi-
cantly reduced when they received JIT II (6 = —0.42,
OR = 0.84, p =.018) relative to that for the loaner
participants, providing support for H3.

To test H4, we examined whether the JIT effect
changed over study period (Table 2; Model 4).
The effect of JIT II reminder on lapse, regardless
of phone type, did not vary across time in study
(b=-0.12, OR = 0.89, p = .21), failing to provide sup-
port for H4. A significant interaction between study
week and phone type (b = 0.19, OR = 1.21, p = .036)
indicated that the likelihood of lapses increased at a
steeper rate for those who used own phones, relative
to the loaner participants. Furthermore, the results
showed that the interaction between JIT effect and
phone type remained significant (b = —0.47, p =.03)
after the inclusion of additional interaction terms
(Model 4). As seen in Fig. 1, the JIT effect in re-
ducing lapses was more pronounced for the parti-
cipants who used their own phones relative to the
loaner participants. This pattern was consistently
observed across the study weeks. We also tested
the three-way interaction among II status, phone
type, and time in study and found it to be not sig-
nificant (p = .24, not shown in Table 2), indicating
that the JIT effects over time did not differ across
phone types.

DISCUSSION
The current study evaluated feasibility and ini-
tial effectiveness of a mobile-based cessation pilot

Table 2 | The effect of Il reminder on momentary lapses by phone type

Model 1 Model 2 Model 3 Model 4

Intercept -2.19(0.25)***  -1.02(0.58) -1.13(0.58) -1.18 (0.60)

Il reminder (vs. no reminder) -0.14(0.10) -0.11 (0.10) 0.05 (0.13) 0.22 (0.19)
Study week -0.07 (0.04) -0.07 (0.04) -0.05 (0.09)
Own (vs. loan) phone 0.19 (0.53) 0.53 (0.55) 0.26 (0.57)

Il reminder x Own phone -0.47 (0.22)* -0.47 (0.22)*
Study week x Own phone 0.19 (0.09)*

Il reminder x Study week -0.12 (0.09)
Enacted Il -1.07 (0.10)*** -1.09 (0.10)*** -1.09 (0.10)***
Person-level % Il reminder acknowledged -1.58(1.43) -1.55 (1.44) -1.55 (1.44)

Study week is centered at Week 1. Model 1 reports the unadjusted main effect of receiving (vs. not receiving) Il reminder on momentary lapse. Model 2 reports the adjusted
main effect of receiving Il reminder, adjusting for study week, phone type, study week, whether they enacted the specified Il at a given prompt, and person-level overall
engagement level variable. Model 3 reports the results of the interaction of Il reminder and phone type. Model 4 reports the results of two additional interaction terms. Log

odds and standard errors are reported.
Ilimplementation intention.
*p<.05;**p<.01; ***p<.001.
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intervention that delivered automated and per-
sonalized JIT support tailored to Asian American
smokers’ individual daily schedules. Our findings
show that, on average, receiving an implementation
intention reminder during personalized high-risk
smoking situations in JIT manner did not reduce the
likelihood of momentary lapse.

Further analyses revealed that the effect of JIT re-
minders on smoking lapse prevention may vary as
a function of the medium through which they inter-
acted with our JIT cessation app, MQU. Contrary to
our hypothesis that the initial effect of JIT reminders
would dissipate over time, we found that the JIT ef-
fect on lapses did not significantly change over time
in study. However, our findings show that those who
interacted with MQU on their own phones were
able to avoid lapses more effectively when they re-
ceived JIT reminders (vs. when not receiving), aver-
aged across study period. This was not observed for
the loaner participants. Our tests for moderation
revealed that the diminished JIT effect was mostly
driven by loaner participants, whose II effect on mo-
mentary lapses was substantially dampened (i.e.,
the likelihood of lapses did not differ between II vs.
no II conditions). Sensitivity analyses showed that
these main findings were not affected by light versus
heavy smoking. The main effect of cigarettes per
day at baseline (CPD) on momentary lapses was not
significant (p =.68); CPD was also not a JIT effect
modifier on momentary lapses (p = .56).

In addition, our findings emphasize the import-
ance of enacting the planned actions in the mo-
ment leading up to potential HRSS to avoid lapses.
In other words, whether the given II was enacted
consistently predicted a lower likelihood of lapse,
regardless of JIT reminder. The robust effect of
carrying out the preplanned II on lapse avoidance
found in our study corroborates the existing litera-
ture on the importance of forming and executing
specific automated strategies leading up to goal at-
tainment on behavioral change [38-40] but on a
more microtemporal scale.

It is also noteworthy that the effect of JIT re-
minders for those who used their own phones re-
mained significant even after controlling for the
effect of a planned action being carried out (vs. not)

«=@== No-Il (Own phone)
No-Il (Loan phone)
0.0 T

for a given HRSS. Specifically, this finding suggests
that JIT II reminders may provide support beyond
cueing II enactment via other cognitive routes, such
as making salient one’s motivation to quit or cueing
ad hoc lapse avoidance strategies to aid individuals
to avoid momentary lapse. In fact, our participants
reported that they had executed their preplanned
IIs during less than 60% of the corresponding HRSS.
Furthermore, supplemental analyses revealed that
self-developed IIs (62%) were more frequently used
than prepopulated IIs (38%). However, the main ef-
fect of self-developed versus prepopulated II on mo-
mentary lapses was not significant; it was also not
a JIT effect modifier on momentary lapses (p =.93,
p=.84, respectively). These findings highlight
the need for future microtemporal study designs
that investigate how to encourage II enactment or
other cognitive processes helpful for cessation at a
momentary level.

Overall, our findings substantiate the habit-forming
(i.e., if-then link) process of behavioral intention
[48-50] over time in the context of cessation. While
there was a possibility of participants experiencing
saturation from repeated exposure to II reminders
over time, which could potentially dampen the ef-
fectiveness of the reminders, we believe that the
personalized JIT element of our study design poten-
tially maintained the relevance and effectiveness of
these reminders over the 4 week study period. The
nonsignificant effect of JIT reminders during the
beginning weeks might indicate that some length of
initiation period may be essential for users to accli-
mate to planned actions and other cessation proto-
cols. This interpretation is also supported by several
exit interviews, where participants described that
viewing II reminders and other MQU push notifi-
cations repeatedly over time increased their motiv-
ation to enact lapse avoidance strategies as their quit
attempt progressed and as the cessation trial period
was coming to an end. Accordingly, a future version
of MQU might incorporate features that encourage
participants’ motivation to quit at the start of a quit
attempt, particularly among those with little experi-
ence with prior attempts to quit. Alternatively, the II
reminders initially specified at the start of the quit at-
tempt may not actually have been ideal or feasible
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Fig 1 | Log odds of momentary lapses: the JIT effects over time by phone type.
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for some participants in a given HRSS. As partici-
pants became better aware of specific plans they were
willing to enact as they continued to experience their
HRSS during the quit process, the mitigating effect of
JIT II reminders on lapse may have been more pro-
nounced in the latter weeks as they discovered which
lapse avoidance strategies, whether planned at base-
line or ad hoc strategies, worked best. In fact, in the
exit interviews, almost three quarters of participants
(72.7%) described instances where they employed ad
hoc lapse avoidance strategies that were not their ori-
ginally specified IIs.

Next, a substantive amount of missing values
from the EMA surveys deserves a further discus-
sion as found in other mHealth intervention studies
[61]. The missed prompts may represent the times
and contexts in which the participant’s receptivity is
low due to a variety of reasons for a given moment
(i.e., dynamic state of receptivity to intervention sup-
port [7]). In other words, II reminders that were not
logged as “acknowledged” and/or missing values for
lapse status might represent unavailability, thus, in-
appropriate windows to intervene. Unfortunately,
this information could not be directly obtained in
the current study (i.e., we did not ask the reasons
why they missed a previous prompt, if missing). We
should note that the failure to comply with EMA
prompts was more prevalent among those who used
loan phones. Although we cannot assume whether
the missingness and the lapse status are systematic-
ally associated for the loaner participants, the null
JIT effect for loaner participants could be attribut-
able to the observed missing patterns. We observed
that missingness in momentary prompts was not re-
lated to time in study, implying that the compliance
did not systematically decrease over time. Future
investigation similar to the current study will con-
tinue to provide an improved foundation for better
detecting such windows and refine JIT interventions.
Automated algorithms that take missingness pat-
terns up until a given timepoint into account when
deciding whether to deploy JIT support at a subse-
quent decision point might be one such method.

We did assess the effect of “acknowledging” the II
reminder, construed as a between-person, proxy vari-
able for overall engagement with the MQU system
and included it in the model as a covariate. However,
researchers have argued that greater levels of inter-
action or engagement with the intended intervention
do not necessarily represent “effective engagement”
that leads to desired behavioral change outcomes
[62]. In the same vein, we note that engaging with re-
search protocols, such as acknowledging II reminders,
does not equate to engaging with quit behavior.

Limitations with the current study deserve atten-
tion, as we did not restrict participation from smokers
who use e-cigarette (e.g., JUUL) and a few partici-
pants indeed used “I will vape instead” as one of their
IIs. Those who vaped at least once during the quit

attempt (n = 20) reported vaping at least once a day
on 13.9 days of the 4 week period—JUUL products
started gaining notable popularity during the summer
of 2017 [45]. This tobacco product trend may have
dampened the internal validity in assessing the JIT
effects on the outcome as nicotine intake would have
been satisfied by vaping. Further, we did not assess
momentary lapses via objective measures and instead
relied on selfreports recorded by the MQU. It should
be noted, however, that study compensation did not
depend on the success of quit attempts. In fact, we
conveyed to the participants of the importance of
honest reports of incidences and the integrity of data.

Furthermore, MQU was available only on the
Android platform as a cross-platform version was
not achievable given limited study resources. We ex-
plicitly tested moderation by phone type and, even
with limited statistical power (person-level N = 16),
we were able to detect the effect of JIT II reminders
for those who used their own phones. The results
from our exit interview data suggest that interacting
with loan phones might have been suboptimal for
delivering JIT reminders as participants were less fa-
miliar with Android phones and more frequently ex-
perienced technical glitches, forgot to charge phones
or bring loan charger, and/or missed EMA prompts
due to inaccessibility of the loan phone (e.g., in one’s
bag). Certain social situations (e.g., going out with
friends) may have further reduced the likelihood of
loaners interacting with MQU. For example, some
participants mentioned leaving loan phones at home
to avoid losing them while out drinking or reported
reduced loan phone use on weekends. These results
offer important implications for other mobile health
studies in which project loan phones are provided to
participants for behavior change.

Despite these limitations, the current study is the
first of its kind to evaluate the effects of automated
and personalized JIT reminders tailored for Asian
American young adult smokers, a group who ex-
hibits high risk for nicotine addiction but tends to
underutilize available resources to quit smoking. To
our knowledge, the current study is one of the first
studies that assesses follow-through of the planned
IIs in near real time and the effects on momentary
lapse in the context of smoking cessation. Our find-
ings provide detailed accounts of the contextual
moderators within a cessation period in which JIT
reminders of personalized IIs may be more or less ef-
fective in helping smokers to avoid momentary lapses
among Asian American young adult smokers. Our
findings demonstrated potential effectiveness of JIT
approach for cessation research for this population.
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