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Abstract

Background: Cue exposure for extinguishing conditioned urges to smoking cues has been prom-
ising in the laboratory, but difficult to implement in natural environments. The recent availability
of augmented reality (AR) via smartphone provides an opportunity to overcome this limitation.
Testing the ability of AR to elicit cue-provoked urges to smoke (ie, cue reactivity [CR]) is the first
step to systemically testing the efficacy of AR for cue exposure therapy.

Objectives: To test CR to smoking-related AR cues compared to neutral AR cues, and compared to
in vivo cues.

Methods: A 2 x 2 within-subject design comparing cue content (smoking vs. neutral) and presen-
tation modality (AR vs. in vivo) on urge response. Seventeen smokers viewed six smoking-related
and six neutral cues via AR smartphone app and also six smoking and six neutral in vivo cues.
Participants rated their urge to smoke and reality/co-existence of the cue.

Results: Average urge to smoke was higher following smoking-related AR images (Median = 7.50)
than neutral images (Median = 3.33) (Z=-3.44; p =.001; d = 1.37). Similarly, average urge ratings
for in vivo smoking-related cues (Median = 8.12) were higher than for neutral cues (Median = 2.12)
(Z = -3.44; p = .001; d = 1.64). Also, greater CR was observed for in vivo cues than for AR cues
(Z=-2.67, p=.008; d=.36). AR cues were generally perceived as being realistic and well-integrated.
Conclusions: CR was demonstrated with very large effect sizes in response to AR smoking cues,
although slightly smaller than with in vivo smoking cues. This satisfies the first criterion for the
potential use of AR for exposure therapy.

Implications: This study introduces AR as a novel modality for presenting smoking-related stimuli to pro-
voke cue reactivity, and ultimately to conduct extinction-based therapy. AR cues presented via a smart-
phone have the advantage over other modes of cue presentation (pictures, virtual reality, in vivo, etc.)
of being easily transportable, affordable, and realistic, and they can be inserted in a smokers’ natural
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environment rather than being limited to laboratory and clinic settings.These AR features may overcome
the generalizability barriers of other methods, thus increasing clinical utility for cue exposure therapies.

Introduction

Conditioned cue reactivity (CR) has long been a component of ad-
diction theory, with implications for treating substance dependence,
including tobacco smoking. In short, Pavlovian conditioning of cues
associated with the unconditioned effects of smoking (nicotine) re-
sults in previously neutral stimuli (eg, ashtrays) eliciting conditioned
responses to the cues, often perceived subjectively as craving or
urges. In this manner, the mere sight of smoking-related items even-
tually elicits urges, which may contribute to both the maintenance of
smoking and postcessation relapse.! Attempts to extinguish the urge
through repeated exposures without nicotine (cue exposure therapy)
have been mixed.”” In general, studies find that cue exposure leads
to short-term urge reduction,®” but little or no long term reduction
in urges or substance use.” That is, extinction does not appear to
generalize well beyond the clinic or lab.® The lack of attention to
context effects that exist in the smoker’s real world” may contribute
to poor generalizability.

CR is a necessary but not sufficient requirement for extinction
in cue exposure treatments. CR to smoking stimuli has been dem-
onstrated reliably in the lab,'%!"" but such an environment is very
different from the usual places individuals smoke, limiting clinical
efficacy. Attempts to enrich the context for CR include projections of
smoker’s home environments onto laboratory walls,'? video images
of cues from home,'* portable extinction cues,® and virtual reality.'*
Although many of these studies found support for initial CR, there
remains little evidence of treatment efficacy. The emergence of aug-
mented reality (AR) technology addresses many of the context limita-
tions of current cue-exposure treatments, as we described in an earlier
publication.” AR superimposes--usually via a smartphone or tablet-
-virtual, digital 360° objects into the user’s real-world environment,
wherever that may be. Early examples of widely used AR technology
include Pokémon Go, Snapchat filters, and first down lines in televised
football games. More recently, online vendors have added AR options
for shoppers to view furnishings in their own homes. The generated
object (eg, couch) viewed through the smartphone screen maintains
its position and relative size in the room as the user views the object
from various perspectives. The object appears to exist in the user’s
world, albeit viewed through their smartphone screen. Motion can
also be a feature of AR images (eg, smoke from a lit cigarette). Thus,
AR allows for CR to be elicited in the smoker’s natural environment
with the potential for more robust extinction. Furthermore, AR is
affordable and accessible given the widespread use of smartphones.

To our knowledge, there have been no studies examining the CR
potential of AR cues for smoking or other substance use. This study’s
primary aim was to test CR, in a controlled laboratory setting, using
AR smoking cues when compared to AR neutral cues, with in vivo
cues as the gold standard. Our primary hypothesis was that AR
smoking-related cues would produce a greater urge to smoke than
AR neutral cues, approaching CR elicited by in vivo cues.

Methods
Study Design

The study used a 2 (cue content: smoking-related or neutral) x 2
(presentation modality: AR or in vivo) within-subject design. Six
smoking-related and six neutral cues were presented via the AR

smartphone app and also in vivo. Participants completed 24 trials of
cue presentation (12 AR, 12 in vivo) with each including 6 smoking-
related and 6 neutral cues (ie, 6 AR smoking, 6 AR neutral; 6 in vivo
smoking, 6 in vivo neutral). Cues were blocked by presentation mo-
dality (AR vs in vivo) and cue order within blocks were randomly
assigned across six random order sequences that mixed smoking and
neutral cues. Each cue was presented for 15 seconds. The primary
dependent variable was the self-reported urge rating following each
cue presentation.

Participants

Participants were recruited in February and March of 2020.
Inclusion criteria were: (1) 218 years of age, (2) currently smoking
>3 cigarettes per day for the past year, (3) a breath carbon mon-
oxide (CO) level >5 ppm to verify smoking status, (4) motivated to
quit smoking in the future (Yes/No), (5) a valid home address in the
local area, (6) a functioning telephone number, and (7) the ability
to speak, read, and write in English. Exclusion criteria were regular
use of other tobacco products, pregnancy and/or lactation, or a
household member already enrolled in the study. Inclusion criteria
reflected the characteristics of smokers who would likely use the app
in smoking cessation efforts. Participants were recruited through re-
ferrals from previous studies within our laboratory and assessed by
phone for eligibility.

This sample was part of a larger, ongoing within-subject
study with two sub-studies occurring as separate sessions. The
first comprised the current CR test. The second is an ongoing
randomized between-subject test of extinction of urge to smoke
following repeated cue exposure. The overall study was powered
for the extinction test (target N = 128). However, the study was
suspended due to COVID-19 restrictions in March 2020 after
17 participants completed the first session. To minimize contact-
based risks to participants, and given the already robust effects
observed, we ended the CR portion of the study, yielding the final
sample size of 17.

Procedures

Cues

The development of the AR cues are described elsewhere!® and are
consistent with cues within the field.”'>!® Six smoking cues (cigar-
ette, pack of cigarettes, pack and lighter, pack and ashtray, cigarette
and lighter, and lit cigarette in an ashtray with the smoke motion)
and six neutral cues (pen, notebook, pencil and eraser, a pencil with
notepad, sticky notes and pen, and soda bottle with the motion of
effervescence and condensation) were developed for comparison.
Neutral cues were similar to smoking cues in complexity, features,
and size. In vivo cues mirrored the AR cues (eg, pack of cigarettes,
lighter).

In-Person Session
Eligible participants attended a lab session where they provided con-
sent and a breath CO sample. Participants completed a survey of
demographics, smoking behavior, nicotine dependence, intention to
quit smoking, and familiarity with AR.

AR cues were presented via the app on an Apple 10xr iPhone.'*
Participants were instructed to aim the phone screen at the tabletop
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of a small café table, empty except for a tissue box. In vivo cues
were on a separate table underneath sequentially numbered opaque
boxes. For both the AR and the in vivo blocks, participants were
instructed via written, timed directions on the app when to uncover
the object (in vivo) or press “start” to view the image (AR) and when
to move to the next task or cue. Participants completed a smoking
urge rating and three reality/co-existence ratings (AR only) via the
app after each cue and engaged in a neutral activity (word search
puzzle) for one minute between each cue to reduce carryover effects.

The session lasted approximately 1.5 hours and participants
were compensated $40. All procedures were approved by Advarra
Institutional Review Board and the protocol was registered in
clinicaltrials.gov (NCT04101422).

Measures

Baseline Variables

Self-report items assessed demographic variables, cigarettes per day
in the past month, and intention to quit smoking within 30 days
and six months (Yes/No). Tobacco dependence was measured by the
six-item Fagerstrom Test for Nicotine Dependence scale (FTND).!”
Participants’ familiarity with AR was assessed: “Have you ever
used any kind of augmented reality app before? (eg, AR feature in
Pokemon Go, Ikea or other furniture app, Snapchat filters, google
Sky Map, etc.)”; “How frequently do you use augmented reality
apps?” Additional items assessed smoking behaviors, confidence in
quitting smoking, tobacco dependence, withdrawal effects, and af-
fect, but are not included in this report.

Ratings of Cues

Urge to smoke was rated on a 1-10 Likert scale (“No urge” to
“Strongest urge”). Three items assessed how real and present the AR
images seemed'® using similar Likert scales: reality, “How real did
the object seem to you?”; environment co-existence, “How well did
the object appear to be part of the scene?”; and user co-existence,
“How much did you feel the object was right there in front of you?”
(“Not at all” to “Very Real/Very well/Very much”).

Statistical Analysis

Due to the small sample size and non-normality of variables, median
urge, realism, and both co-existence scores of smoking versus neutral
cues were compared using the Wilcoxon signed-rank test after cal-
culating each participant’s mean rating across smoking and neutral
cues. CR was assessed separately for AR and for in vivo cues. The
within-subject design allowed for computing CR difference scores
(CR,) by subtracting the neutral from the smoking mean. Mann-
Whitney U tests were conducted to examine order effects of cue pres-
entation modality. Cohen’s d was calculated to describe effect sizes.

Results

Sample Characteristics

Forty-four individuals were screened and 35 met eligibility criteria
Seventeen participants consented and completed the session be-
fore the CR sub-study was halted due to COVID-19. Participants’
characteristics are summarized in Table 1. Most participants were
female, white, non-Hispanic, and had a modest annual household
income. All participants were daily smokers. Participants smoked
an average of 15 cigarettes per day, were moderately nicotine de-
pendent, and were typically motivated to quit smoking within the
next six months.
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Table 1. Summary Statistics for Participant Characteristics
Mean (SD) or
Variable percent (n)
Demographics
Age 50.41 (11.25)
Female 70.6% (12)
Latinx 5.9% (1)
Income <$30,000 58.8% (10)
Education <High School 41.2% (7)
Race
White 52.9% (9)
Black 47.1% (8)
Smoking characteristics
Cigarettes per day 15.06 (5.7)
FTND total (1-10) 6.17 (2.07)
Seriously plans to quit smoking within 47.1% (8)
30 days
Seriously plans to quit smoking within six 82.4% (14)
months
Augmented reality (AR) use
Ever used 35.35% (6)
Frequency of AR use of those who had ever used AR
7 days/week 5.9% (1)
1-5 days/Month 5.9% (1)
Less than once/month 11.8% (2)
Don’t know 11.8% (2)

Ratings of Cues

Figure 1 shows the median ratings of urge to smoke across the
smoking-related and neutral images for AR and in vivo cues and
reality/co-existence for AR cues. As hypothesized, participants re-
ported higher average ratings of smoking urge in response to the
AR smoking stimuli compared to AR neutral stimuli, Z = -3.44,
p = .001, with a very large effect size (Cohen d = 1.37). In vivo
cues also demonstrated significant CR, (Z = -3.44, p = .001), with
a very large effect (Cohen d = 1.64). The difference between the
CR, for AR (Median = 3.00) and in vivo (Median = 4.50) was also
significant with a small effect size (Z = -2.67, p = .008, d = .36).
Participants reported higher ratings of reality/co-existence for the
smoking versus neutral AR cues (realism: Z = -3.18, p = .001; en-
vironmental co-existence: Z = -2.90, p = .004; user co-existence:
Z =-3.30,p =.001).

There was a significant effect of presentation modality order
upon the average cue rating such that the nine participants who
viewed the AR block of cues first had higher average urge ratings for
neutral in vivo cues (Mean = 4.42, SD = 2.95) than the eight parti-
cipants who saw in vivo cues first (Mean = 2.10, SD = .85, p = .04).
Urge ratings following smoking cues and AR neutral cues did not
show order effects.

Discussion

Principal Results

As hypothesized, we found significant CR in response to both AR
and in vivo cues. The CR effect size of the AR cues was consistent
with the existing literature on cue reactivity using in vivo items,"
photos,' and virtual reality cues.' Although the potential for AR
for cue exposure therapies in addiction has been recognized,' this
study’s demonstration of CR is an important first step to testing
AR as a cue exposure treatment component for smoking cessa-
tion. Despite the somewhat smaller CR effect size in this study
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Figure 1. Sample median of each participant’s mean ratings of smoking urge as well as reality/co-existence of augmented reality (AR) images.

for AR compared to in vivo cues, CR to AR cues were neverthe-
less impressively robust enough to be detected in a small sample.
As AR technology continues to advance, the images likely will
more closely approximate in vivo objects. Moreover, AR cues are
transportable to almost any location where smokers may need
to extinguish cue-provoked urges. Unlike in vivo cues, AR cues
cannot actually be consumed, reducing the risk of relapse during
exposure trials, although it may also reduce the impact of drug
availability upon CR.?

Smoking AR cues were perceived as more realistic and better inte-
grated into the environment than neutral cues, perhaps reflecting the
greater saliency of these cues to smokers. A small order effect of pres-
entation modality was found, such that CR to in vivo neutral cues was
slightly higher in participants who saw the AR block of cues before in
vivo cues. It is possible that the novelty of AR images led to more dur-
able CR, producing carry-over effects. If replicated, it would be worthy
of greater attention, given both its effect upon the interpretation of
CR research and the possible implications for cue exposure treatments.

Limitations include the small sample, which may limit generaliz-
ability to the broader population of smokers, particularly given that
males were under-represented. Additionally, we utilized a narrow
range of smoking-related cues. Although this study’s cues repre-
sent some of the most common smoking paraphernalia, expanding
the cues to include more distal associations (eg, coffee, alcohol) or
idiosyncratic cues (eg, specific cigarette brands) might enhance fu-
ture clinical efficiency. Current AR technology is limited to visual
cues, and quality is affected by environmental factors such as avail-
able surfaces and lighting. Advances in AR hardware and software
will likely address some of these limitations. Additionally, viewing
AR images directly via AR glasses rather than on screens is likely
to enhance the perceived reality and co-existence of the experience.
Finally, this initial controlled, laboratory-based study did not exploit
the advantage of AR for generating images in smokers’ natural en-
vironments. Future studies will test this portability.

Conclusions

This is the first demonstration of CR to smoking stimuli using
AR-generated cues. The success of AR for eliciting urges to smoke

addresses one of the boundary conditions for future testing of
AR in cue exposure therapy. The next step toward the develop-
ment of an AR cue-exposure adjuvant to smoking cessation are
to test the extinction of urge in a controlled experimental design,
followed by testing in smokers’ natural environments. The emer-
gence of readily available AR technology introduces novel strat-
egies for eliciting and extinguishing conditioned urges to smoking
and other substance stimuli. AR may overcome generalizability
barriers of other methods, thus increasing clinical utility for cue
exposure therapies.
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