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Abstract
Purpose—To quantify the persistence of pro-smoking media exposure effects on college
students’ intentions to smoke and smoking refusal self-efficacy.

Method—A total of 134 college students (ages 18–24) were enrolled in an ecological momentary
assessment study in which they carried handheld data collection devices for three weeks and
reported their exposures to pro-smoking media as they occurred in the real world. Smoking
intentions and smoking refusal self-efficacy were assessed after each exposure to pro-smoking
media and at random prompts during each day of the three-week assessment period. A generalized
additive model was used to determine how long the effect of an exposure to pro-smoking media
persisted.

Results—The effect of pro-smoking media exposures persisted for 7 days. After exposure,
smoking intentions immediately increased (0.56; 95% confidence interval [CI]: [0.26, 0.87]) and
then steadily decreased (−0.12; 95% CI: [−0.19, −0.05]) each day for 7 days, while smoking
refusal self-efficacy immediately decreased (−0.42; 95% CI: [−0.75, −0.10]) and then steadily
increased (0.09; 95% CI: [0.02, 0.16]) each day for 7 days. Daily changes occurring after 7 days
were not statistically significant, suggesting that smoking intentions and refusal self-efficacy had
stabilized and were no longer affected by pro-smoking media exposure.

Conclusions—Exposures to pro-smoking media may have strong implications for emerging
young adults smoking risk as the impact of an individual exposure appears to persist for at least a
week.
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In 2010, emerging young adults aged 18–25 years reported the highest prevalence of current
cigarette smoking (34.2%) compared to high school seniors (23.2%) or adults aged ≥26
years (22.8%) and there is convincing evidence that exposure to pro-tobacco media is
associated with increased tobacco use in young adults.1 Numerous studies have
demonstrated that greater exposure to tobacco industry-sponsored promotion (e.g., point-of-
sale displays, magazine advertising) and portrayals of tobacco use in movies is associated
with an increased risk for initiation of and progression toward regular tobacco use among
young adults.1– 3 Yet, there is little understanding of how exposure to pro-smoking media
increases young adults’ risk of future smoking 4.

According to cognitive social learning and decision-making theories, cognitive and affective
factors are engaged at the time of exposure thus creating the susceptibility to smoke when an
opportunity to do so arises.3, 5–8 Implicit in these theories is the notion that the effects of
pro-smoking media on attitudes and beliefs persist and conceivably accumulate over time.
Specifically, because there is often a lag between exposure to pro-smoking media and the
opportunity to smoke, the effects of pro-smoking media exposure must persist beyond the
moment of exposure if they are to have implications for whether smoking actually occurs.

To date, no studies have directly demonstrated the persistence of pro-smoking media’s
impact on the attitudes and beliefs thought to mediate the effect of pro-smoking media on
behavior. Numerous experimental studies have shown a causal effect of pro-smoking media
(e.g., portrayals of smoking in movies, magazine ads) on attitudes and beliefs directly
following exposure. 9–12 These experimental studies are important because they provide
compelling evidence that attitudes and beliefs are, in fact, engaged at the time of exposure to
pro-smoking media. They provide no indication, however, of how long these exposure
effects persist. Moreover, these studies expose participants to pro-smoking media in the
artificial context of the laboratory and thus lack ecological validity. Prospective,
correlational field studies that measure prior exposure to pro-smoking media at baseline and
link that exposure to attitudes and beliefs measured at follow-up provide evidence that is
consistent with the idea that exposure creates an enduring susceptibility to smoke.13–15

However, these studies, which typically measure changes in youths’ attitudes and beliefs
several months after their exposure to pro-smoking media, assume rather than demonstrate
the endurance of pro-smoking media’s effects on these hypothetical mediators.

Demonstrating the persistence of pro-smoking media effects requires repeated measurement
of the attitudes and beliefs thought to be engaged by these media. Ideally, these
measurements should begin directly following exposure to pro-smoking media and be
repeated at frequent intervals thereafter. Ecological Momentary Assessment (EMA) methods
are well-suited to providing precisely these kinds of data.16, 17 EMA solicits data from
respondents at the time of exposure and in real world contexts in which they naturally
encounter pro-smoking media, providing repeated, sensitive and ecologically valid
assessment of cognitive processes engaged by media. We have used EMA to examine
exposure outlets and changes in college students’ future smoking risk as a function of their
exposure to a variety of pro-smoking media. In prior papers, we reported that nearly 66% of
encounters of pro-smoking media occurred at point-of-sale locations (33% at convenience
stores, 25% at outside or window stores/gas stations, 7% at grocery or tobacco stores), 20%
via exposure in movies and on TV, and the remaining 14% occurring at bars/restaurants, in
magazines, on the internet and on other media outlets. We also demonstrated that students’
future smoking risk was higher in moments directly following exposure to pro-smoking
media than at randomly sampled moments of non-exposure.18, 19 This paper extends those
findings by evaluating the duration of these exposure effects. In particular, we assessed the
persistence of pro-smoking media exposure effects on college students’ intentions to smoke
and smoking-refusal self-efficacy (i.e., indices of future smoking risk).
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Methods
Participants

Participants were 134 undergraduate college students, ages 18–24 years, recruited through
newspaper advertisements around the city of Pittsburgh as described elsewhere.19 The
sample was 37% male and 66% Caucasian. We characterized participants’ smoking status as
either Never Smokers (n = 52; never smoking a cigarette, even a puff) or Ever Smokers (n =
82; any level of smoking in the past, even if they had not smoked in the past month
(experimenters) or if they reported smoking in the past month (current).20 We combined
experimental and current smokers into an Ever Smokers group because the number of
current smokers was small (n=13). Only 37% of Ever Smokers reported smoking in the past
month. Ever Smokers who smoked in the past month smoked an average of 6 days in the
past month (SD = 4.4) and an average of 2.2 (SD = 1.3) cigarettes on the days that they
smoked.

Procedure
The study was approved by RAND’s Human Subjects Protection Committee. Data
collection took place between June 2010 and January 2011. At a baseline session,
participants provided written informed consent to participate in the study, completed a
demographic and smoking history survey, and were trained to use a handheld data collection
device (Palm devices) to record information about their exposure to pro-tobacco media.
Training consisted of a detailed, 60-minute oral presentation accompanied by electronic
slides. Each participant was given a Palm® Treo 755p device at the start of the training so
that they could practice data entry prior to going into the field. Participants were instructed
to turn the device on when they woke up in the morning and off at night when they went to
sleep, carry the device with them at all times, initiate data entry each time they encountered
pro-tobacco media, and respond to random prompts when issued by the device (see below).

Participants carried the Palm devices with them for 21 consecutive days. Participants
provided descriptive information about each encounter with pro-smoking media, including
the channel of exposure (in a magazine, on a billboard, outside of a convenience store or gas
station, inside a grocery store, inside or on the window of a convenience store or gas station,
in a tobacco store, in a bar or restaurant, via direct mailing or coupon, at a sponsored event,
in a movie, on television, on the radio, and on the internet). Immediately after each
exposure, participants answered questions about their smoking intentions and smoking
refusal self-efficacy (see details below). Participants similarly reported their smoking
intentions and refusal self-efficacy in response to control prompts that occurred randomly
three times per day. The Palm device automatically recorded the time of each data entry,
whether in response to an exposure or random prompt.

Participants were paid $8 for each day of EMA assessment ($168 total), and $10 each for the
baseline and an end-of-study visit. They were paid an additional $2/day if they responded to
all of the random control prompts on that day within two minutes of the prompt. Thus,
participants could be paid $230 if they completed all aspects of the study and adhered
closely to the study protocol.

Measures
Smoking intentions—After each pro-smoking media exposure and random prompt,
participants indicated their intention to smoke by completing a 3-item scale adapted from
Choi et al.20 and shown to predict smoking: “Do you think you will try a cigarette anytime
soon?”, “Do you think you will smoke a cigarette anytime in the next year?”; and “If one of
your best friends offered you a cigarette, would you smoke it?” Responses were made on a 1
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(Definitely Not) to 10 (Definitely Yes) scale and averaged (α = 0.94) to produce a smoking
intention scale score (range: 1 – 10), where higher scores indicate stronger intentions to
smoke.

Smoking refusal self-efficacy—After each exposure to pro-smoking media and at
random prompts, participants also rated their confidence to refuse smoking using an adapted
four-item measure.21, 22 Participants judged their ability to resist smoking under the
following circumstances: (a) your best friend is smoking, (b) your date is smoking, (c) you
are bored at a party, and (d) all your friends at a party are smoking. Ratings were made on a
four-point scale with the following endpoints: “I would definitely smoke (1)” and “I would
definitely not smoke (4).” Responses to these four items were averaged to form a single
measure of refusal self-efficacy (α = 0.93), where higher scores indicate stronger refusal
self-efficacy.

Quantifying the Persistence of Pro-Smoking Media Exposure Effects
Our study design included continuous assessment of exposure to pro-smoking media and
repeated measurement of outcomes (smoking intentions and smoking refusal self-efficacy)
at times of exposure to pro-smoking media and at regularly occurring random prompts.
Because the random prompts provided intermittent data on smoking intentions and refusal
self-efficacy between pro-smoking media exposures (e.g., a pro-smoking media exposure
event followed by several random prompt events), we quantified persistence as the length of
time that exposure effects could be detected in the random assessments taken between one
exposure to pro-smoking media and the next. In other words, persistence was
operationalized as the time elapsed between the highest rating of smoking intention or
lowest rating of refusal self-efficacy following an exposure to the point at which no further
change in smoking intentions or smoking refusal self-efficacy was observed.

Statistical Analysis
Given that participants may have self-selected into circumstances where they were likely to
be exposed to pro-smoking media (thus biasing our estimate of persistence), all fitted
models included the following covariates: the day of the week (weekend vs. weekdays) on
which an exposure or random prompt occurred, participant demographics (gender and race),
and participant smoking status. These control variables have been shown to be associated
with responses to smoking-related media.19, 23, 24

To limit extreme values and to reduce the effect of outliers, persistence was Winsorized25 at
14 days. In other words, random prompts that occurred more than 14 days after an exposure
to pro-smoking media (3% of all random prompts), with no intervening exposures, were
treated as if it they occurred on the fourteenth day following exposure.

To assess whether smoking risk increases immediately after exposure to pro-smoking media,
we fit multivariate linear regression models comparing smoking intentions and refusal self-
efficacy directly following an exposure to pro-smoking media versus at subsequent random
prompts while controlling for the covariates. If our hypothesis of the persistence of exposure
effects is accurate, the exposure effect that is estimated by this model represents an
underestimate of the true instantaneous impact of pro-smoking media as the measurements
of intentions and refusal self-efficacy taken at random prompts will still reflect, to some
degree, the persistent effect of the preceding exposures. To evaluate the persistence of
effects of exposure to pro-smoking media, we used a semi-parametric Generalized Additive
Modeling approach (GAM) 26, 27 to estimate the following model:
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where the outcome variable, SmokingRiskit, is person i’s future smoking risk recorded at
time t, PersistenceTimeit is the time elapsed between one exposure to pro-smoking media
and the subsequent random observations, and Xit represents a set of covariates.
PersistenceTimeit is operationalized in days based on the random prompts that occur
between exposures. PersistenceTimeit takes the value zero at the time of exposure, increases
for example to 0.25, 0.5, 1 or 2 if subsequent intervening random prompt occur 6, 12, 24 or
48 hours later respectively, and then is reset to zero at the next exposure.

In this model, g( ) represents an unknown non-linear function, estimated non-parametrically
using GAM. The empirical, non-linear function g( ) provides the flexibility to estimate
temporal change in smoking risk following an exposure without having to rely on the
assumption that change is constant (i.e., linear) over time from one exposure to the next.
That is, the model makes no assumptions about the nature of the relationship between
smoking risk and time since last exposure to pro-smoking media, and instead determines the
relationship empirically.

A GAM plot28 of PersistenceTimeit on g(PersistenceTimeit) provides a visual assessment of
the persistence of an effect of pro-smoking media exposure on smoking risk. For ease of
interpretation of the GAM plot, we used the method of recycled prediction 27 (a method of
standardization) to rescale the persistence effect by estimating the model-adjusted smoking
risk. We then identified in the rescaled GAM plot the point (threshold) at which the impact
of pro-smoking media could no longer be detected in the random assessments.27 Next, we
constructed a piecewise linear model28, 29 to examine the slope of persistence before and
after the threshold identified in the GAM plot. All models accounted for clustering of
outcomes within participants using the Huber-White sandwich estimator.30, 31

Secondarily, to assess the possibility that exposure may have a cumulative effect on
smoking intentions and refusal self-efficacy, we tested whether intentions to smoke at
specific exposures were higher (and refusal self-efficacy lower) when exposures occurred
within one day of a preceding exposure than when exposures occurred four or more days
following a preceding exposure. We chose four or more days to represent a long gap in
exposures because four days was at least halfway to the point at which persistence was
observed to be minimal.

Results
Descriptive Information

We excluded from our analysis data from six participants (4%) who reported no exposure to
pro-smoking media. Across the 21-day EMA monitoring period, the remaining 128
participants reported an average of 8.60 (SD=7.86) exposures to pro-smoking media.
Consistent with rates observed in other EMA studies of college students, 32 participants in
this study responded to 83% of all random prompts within two minutes of being prompted.
In total, participants responded to 6,779 random prompts and reported 1,112 exposures to
pro-smoking media over the course of the study. Data from random prompts that occurred
before a participant recorded any exposure to pro-smoking media (856 or 13% of all random
prompts) were dropped from the analysis because those data were not relevant to estimating
persistence as defined by our statistical model. Data from 66 random prompts (1% of all
random prompts) and 8 exposures (1% of all exposures) were dropped because participants
failed to complete outcome assessments at those prompts/exposures. Finally, data collected
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at 168 random prompts (2% of all random prompts) were excluded because participants
reported that they were in the presence of pro-smoking media at those randomly sampled
moments. On average, 11.5 (SD=11.17) random assessments occurred between exposures to
pro-smoking media.

Estimating the instantaneous and persistence of exposure effects
Table 1 reports the instantaneous effect of exposure to pro-smoking media on smoking risk.
As this table shows, participants’ smoking intentions significantly increased (β = 0.56, 95%
CI [0.26, 0.87]) and their smoking refusal self-efficacy significantly decreased (β = −0.42,
95% CI [−0.75, −0.10]) directly following exposure. Figures 1 and 2 show the GAM-plot of
the covariate-adjusted non-linear relationship between the time since the last exposure to
pro-smoking media and participants’ covariate-adjusted level of smoking intentions (Figure
1) and smoking refusal self-efficacy (Figure 2). Consistent with the results from the model
of instantaneous exposure effects, the covariate-adjusted level of smoking intentions was
highest immediately after exposure (3.07 on a 10-pt scale); it then declined steadily for
seven days until it stabilized at 2.17. Results followed a similar pattern for smoking refusal
self-efficacy: Participants’ smoking refusal self-efficacy was lowest immediately after an
exposure (8.34) and then increased steadily until it stabilized seven days later at 9.01.

Results of a piecewise linear model that was used to examine persistence of an exposure
effect on participants’ intentions to smoke up to and after 7 days post-exposure (i.e., the
effect threshold that we observed in the GAM-plot) are reported in Table 1. The piecewise
linear regression confirmed a daily decrease in the effect of exposure on intentions during
the first seven days (β = −0.12, 95% CI [−0.19, −0.05]) but no change in the effect thereafter
(β = 0.01, 95% CI [−0.08, 0.10]). The piecewise time trend and the covariates explained
nearly 23% of the variability in participants smoking intentions. Similarly, following
exposure to pro-smoking media, participants’ smoking refusal self-efficacy steadily
rebounded during the first seven days following exposure (β = 0.09, 95% CI [0.02, 0.16]);
no consistent change in smoking refusal self-efficacy was evident thereafter (β=−0.01, 95%
CI [−0.10, 0.08]). This model explained 16% of the variability observed in smoking refusal
self-efficacy.

In both the instantaneous exposure impact and the persistence models, never smokers as
compared with ever smokers tended on average to have weaker intentions to smoke (β=
−2.20, 95% CI [−2.82, −1.58]) and greater smoking refusal self-efficacy (β=1.74, 95% CI
[1.12, 2.36]).

Estimating cumulative effects of pro-smoking media exposures
On average, exposures that occurred within one day of a preceding exposure were associated
with greater smoking risk when compare to exposures that happened four or more days
following a preceding exposure. At exposures that occurred four or more days following a
preceding exposure, participants’ intention to smoke was lower (β= −0.92, 95% CI [−1.54,
−0.30]) and their self-efficacy was higher (β= 0.55, 95% CI [−0.01, 1.11]) than at exposures
that occurred within one day of another exposure. This analysis suggests the possibility of
accumulation of effects when exposure events are closer to each other.

Discussion
Conceptual models of how exposure to pro-smoking media influences smoking behavior
assume that exposure to pro-smoking media has an enduring effect on people’s attitudes and
beliefs. No study before ours, however, has tested this assumption directly or examined how
long the effects of exposure to pro-smoking media persist. Our study demonstrates that the
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effect of exposure to pro-smoking media on college students’ smoking risk (as indexed by
increased intentions to smoke and decreased smoking refusal self-efficacy22, 33) tends to
persist for up to a week following exposure. This finding may help to explain the dose-
response relationship between exposure to pro-smoking media and smoking uptake that has
been found in other studies.34 These results suggest that exposures that occur before the
impact of prior exposures “wear off” could cause the risk of smoking to accumulate, thus
increasing the chances that a young person will decide to smoke when presented with an
opportunity to do so. In our three-week study, all participants were at some point exposed to
pro-smoking media within seven days of a previous exposure, i.e., before the effects of the
prior exposure had completely dissipated.

The question of how long the effects of pro-smoking media persist after exposure has
important implications for regulatory policy and the development of interventions to
inoculate young adults (and perhaps younger adolescents) from the effects of these media.
The results of our study suggest that exposure to pro-smoking media is likely to have an
impact on behavior even if opportunities to act (i.e., smoke) on one’s heighted intentions or
weakened self-efficacy happen relatively infrequently. Given the persistent effects of a
single exposure to pro-smoking media on smoking risk a ban on tobacco advertising may be
thought of as a most effective regulatory approach. Indeed, data from other countries suggest
that comprehensive bans on tobacco advertising may protect youths from the effects of pro-
smoking media.35, 36 However, Fifth Amendment protections of commercial free speech
make such bans in the United States unlikely.37 As such, less restrictive and more creative
tobacco marketing regulatory policies are needed in the United States. For example, anti-
smoking messaging that is located more prominently in places where adolescents and young
adults are likely to encounter pro-smoking media (e.g., at point-of-sale38) could dampen its
potency. Regulatory science research that identifies effective tobacco marketing restrictions
is needed to inform these sorts of policy-relevant strategies.

Use of EMA data to examine the persistence of effects of exposure to pro-smoking media
represents a novel use of this type of data and further demonstrates its potential to enhance
our understanding of how exposure to pro-smoking media may put youth at risk for
smoking. In this study, emerging young adults reported their exposures to pro-smoking
media as they occurred in the context of their daily lives and likewise recorded their
reactions to those exposures at nearly the time that they experienced them. This assessment
method gives us confidence in the reliability and ecological validity of our findings.
Moreover, the design of our study in which we combined event-contingent recording of
intentions to smoke and refusal self-efficacy with signal contingent recordings of these
cognitions16 allowed us to create a detailed portrait of individuals’ standings on these
variables between exposure events. This is precisely the type of information that is needed to
examine the decay of exposure effects.

Nevertheless, our study did have several limitations. First, our study covered only a three
week “snapshot” of college students’ exposure to pro-smoking media and did not account
for exposures to pro-smoking media that occurred prior to this snapshot. Second, even in the
context of EMA data, exposures were self-triggered by study participants. As such, it is
possible that additional pro-smoking media exposures were encountered but processed
peripherally (i.e., outside of conscious awareness) and thus were not recorded.39 Such self-
selection, conscious or not, might explain some of the unexplained variation in the smoking
risk outcomes. Third, although GAM is a useful method for understanding short-term effects
of naturally occurring events, a limitation is that it depends on the subjective interpretation
of a graphical display (the thresholds observed in this study were, however, reasonably
clear). Finally, data used in this study are only correlational and can only be interpreted as
such. Although our results fit with models of advertising and media effects, changes in
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smoking risk that were observed cannot necessarily be assumed to be caused by exposure to
pro-smoking media.
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Figure 1.
Plot of the persistence of the impact of pro-smoking media exposure on smoking intention
from a non-parametric GAM and a piecewise linear regression with a threshold at 7 days.
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Figure 2.
Plot of the persistence of the impact of pro-smoking media exposure on smoking refusal
self-efficacy from a non-parametric GAM and a piecewise linear regression with a threshold
at 7 days.
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