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Researchers commonly use message perceptions (persuasive potential) or effects perceptions (perceived
behavioral impact) in formative research to select tobacco risk messages. We sought to identify whether message
perceptions or effects perceptions are more useful as proxies for the behavioral impact of tobacco risk messages.
In a three-week trial, 703 U.S. adult smokers (ages > 21) were randomly assigned to receive brief messages on
their cigarette packs about toxic chemicals in cigarette smoke (chemical messages) or control messages about
properly disposing of cigarette litter. The final follow-up survey assessed message perceptions, effects percep-
tions, quit intentions, and six behavioral outcomes. We conducted multiple mediation analysis in a structural
equation modeling framework to test the indirect effects of messages by way of message perceptions and effects
perceptions. Message perceptions did not independently mediate the impact of chemical messages on any of the
outcomes (7 p-values > 0.01). In contrast, effects perceptions mediated the impact of chemical messages on
avoiding the messages, seeking chemical information, intentions to quit smoking, butting out a cigarette,
forgoing a cigarette, and making a quit attempt (6 p-values < 0.001). No mediation was present for social in-
teractions about the message (p-value = 0.72). The effect sizes for these mediated effects were small to medium.
Thus, effects perceptions, but not message perceptions, were a proxy for risk messages’ impact on quit intentions
and six quitting and related behaviors. These findings point to the diagnostic value of effects perceptions in
formative research on tobacco risk messages.

Health messages that aim to change behavior are iteratively devel-
oped through multiple rounds of testing, beginning with a large of pool
of candidate messages. It is usually unfeasible and inefficient to evaluate
many candidate messages based on changes in behavioral outcomes,
such as vaccination or quitting smoking, that may actually occur over a
period of weeks or months. Thus, interventionists have used audience
ratings of candidate messages’ perceived effectiveness (perceived mes-
sage effectiveness) to identify the most promising messages for further
testing in a behavioral trial. Perceived message effectiveness (PME)
measures have traditionally assessed either message perceptions or ef-
fects perceptions, occasionally combining items for both constructs
within a single scale (Dillard & Ye, 2008; Noar et al., 2018b).

Message perceptions assess the persuasive potential of candidate
messages while effects perceptions assess the potential of candidate
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messages to change behavioral antecedents and behavior. An example
dimension of message perceptions is credibility (e.g., “How believable
was the message in this ad?”; Donovan et al., 2006) while an example
dimension of effects perceptions is perceived impact on behavioral
motivation (e.g., “This ad makes me want to quit smoking”; Niederdeppe
et al.,, 2011). A growing literature has begun to recommend the use of
effects perceptions over message perceptions when developing messages
that seek to change behavior (Baig et al., 2021; Rohde et al., 2020).
Effects perceptions are conceptually closer to behavior, and effects
perceptions items generally use behavioral and personal referents to
enhance correspondence with behavior (Noar et al., 2018a). Moreover,
when examined simultaneously, effects perceptions are more strongly
associated with behavior as well as determinants of message impact that
are closer to behavior (e.g., quit intentions) while message perceptions
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are more strongly associated with only some of the earliest determinants
(e.g., attention to the message; Baig et al., 2021; Noar et al., 2020).
Finally, effects perceptions scales may be less prone to capturing infor-
mation about secondary constructs than message perceptions scales (i.e.,
message perceptions scales may have greater measurement error; Baig
et al., 2018).

While the aforementioned observations support the use of effects
perceptions in formative research, many researchers have expressed
caution about the diagnostic value of PME ratings in identifying mes-
sages that are actually effective often due to unsatisfactory validity
(Dillard et al., 2007; O’Keefe, 2018). The small number of PME vali-
dation studies in behavioral contexts have focused mostly on PME cor-
relations or associations with outcomes of interest such as intentions to
quit cigarette smoking (Lee et al., 2011) and seeking information about
colonoscopy (Dillard & Ha, 2016), occasionally in longitudinal data
(Brennan et al., 2013; Davis et al., 2013, 2016; Dillard & Ha, 2016). A
disadvantage of focusing on PME correlations or associations is that
there is no direct consideration of the sensitivity of PME to candidate
messages. When focusing on bivariate associations and correlations,
another disadvantage is that such efforts do not inherently compare
different PME constructs. A more informative way to evaluate the
diagnostic value of PME ratings is to examine whether they mediate
message impact on behavioral or other meaningful outcomes. These
validation efforts require a study design with control messages that are
expected to be weaker than candidate messages and decompose the
impact of candidate messages as a function of PME thereby determining
the extent to which PME serves as proxy for message impact. These
validation efforts also permit the inclusion of multiple PME constructs as
simultaneous mediators in a single model, allowing the constructs to
compete against each other for which is the better marker of behavioral
impact.

The current study sought to compare the diagnostic value of PME
ratings using brief messages about the chemicals in cigarette smoke
designed to discourage smoking (chemical messages) and control mes-
sages designed to discourage littering of cigarette butts (littering mes-
sages) as a case study. The main hypothesis guiding our study was that
effects perceptions are a better proxy for behavioral impact than mes-
sage perceptions (behavioral proxy hypothesis). Briefly viewed messages
often do not activate central pathways to persuasion (Bodie et al., 2012;
Evans, 2008) and instead elicit affective reactions that are informative to
the viewer (Cesario et al., 2008; Slovic et al., 2007; So et al., 2015).
Some of the stated dimensions of effects perceptions (e.g., perceived
message impact on worry) overlap with these affective reactions
whereas the stated dimensions of message perceptions (e.g., message
credibility) do not. Thus, we expected effects perceptions to mediate
message impact and message perceptions to not mediate impact singu-
larly or sequentially through effects perceptions.

In examining message perceptions and effects perceptions as poten-
tial proxies for the behavioral impact of chemical messages, our study
sheds some light on the relationship between PME and behavior. Doing
so is essential to transforming PME from a criterion variable that is
useful for message development into a substantive variable potentially
with a defined role in message processing. Given limited guidelines on
the use of PME in formative research, our study also provides sugges-
tions for the optimal use of PME in message development.

1. Methods
1.1. Participants and procedures

A randomized clinical trial (RCT) testing the ability of chemical
messages and littering messages to both inform smokers about the
health risks of smoking and motivate them to quit recruited a conve-
nience sample of 719 U.S. adult smokers from the San Francisco Bay
Area. Participants were ages 21 or older (given the legal age of buying
tobacco products in California) and current smokers (i.e., had smoked at
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least 100 cigarettes in their lifetime and now smoke every or some days;
Nguyen et al., 2015). Smokers who were enrolled in an ongoing smoking
cessation trial, smoked less than seven cigarettes weekly or only roll-
your-own cigarettes, or were pregnant were ineligible to participate in
the RCT.

Participants attended four visits at the trial office and brought an
eight-day supply of cigarettes to all but the last visit. The trial ran-
domized smokers to receive chemical messages (intervention) or mes-
sages about properly disposing of cigarette butts (littering messages;
control) in nearly equal numbers. An example of a chemical message is,
“Cigarette smoke contains uranium. This causes lung tumors and kidney
damage.” “Please refrain from littering. Cigarette butts are the most
littered item,” is an example of a littering message. Littering messages
were attention-matched to the chemical messages and had similar word
lengths, literacy requirements, and visual features (Fig. 1). Participants
in both arms completed surveys at each trial visit and rotated through
three unique messages, one per week. After a run-in week, study staff
applied a different message at the next three weekly visits on the side of
participants’ cigarette packs while the participants completed a survey.
Smokers received up to $300 for their trial participation. Data collection
began in September 2016 and finished in March 2017. Full details on
design and protocol, including recruitment and randomization, are
available in the main trial paper (Brewer et al., 2018a). Additional de-
tails on the development of the trial protocol and two pilot studies can be
found in a separate paper (Brewer et al., 2015). The Institutional Review
Board at the University of North Carolina approved trial procedures.

1.2. Measures

The baseline survey assessed participant demographics and smoking
behavior. At the last visit, the survey assessed message perceptions using
an established six-item scale (@ = 0.94; Davis et al., 2013) and effects
perceptions using the three-item UNC Perceived Message Effectiveness
Scale (@ = 0.90; Baig et al., 2018). The message perceptions scale had
the following items: “This message is worth remembering”; “This mes-
sage grabbed my attention”; “This message is powerful”; “This message
is informative”; “This message is meaningful”; and “This message is
convincing,” (Davis et al., 2013). The effects perceptions scale had the
following items: “This message discourages me from wanting to smoke”;
“This message makes smoking seem unpleasant to me”; and “This mes-
sage makes me concerned about the health effects of smoking,” (Baig
et al., 2018). Both measures used a five-point response scale ranging
from “strongly disagree” (coded as 1) to “strongly agree” (5).

As tobacco warnings can have a range of effects (Noar et al., 2016;
Brewer et al., 2018a), the final visit survey also assessed quit intentions
and six behavioral outcomes: number of conversations about the mes-
sages in the past week, avoidance of cigarette pack messages, seeking
information about the chemicals in cigarette smoke, number of times
butting out a cigarette in the past week, number of times forgoing a
cigarette in the past week, and weekly recall of quit attempts. Forgoing
refers to not smoking a cigarette in a particular moment because of
wanting to smoke less while “butting out” refers to beginning to smoke a
cigarette and then putting it out before finishing it also because of
wanting to smoke less. Social interactions about the messages (Morgan
et al., 2017), avoidance of the messages (Hall et al., 2018), and seeking
information about chemicals (Lambert & Loiselle, 2007) are behaviors
that are potentially productive for quitting. Avoidance is largely driven
by affective responses that are predictive of quit intentions and quitting
behavior as opposed to message reactance and, as such, signifies deeper
processing of messages (Hall et al., 2018). Quitting initiation exists on a
spectrum (Partos et al., 2014), and forgoing or butting out a cigarette
represent micro-quitting behaviors that are less intense than quit at-
tempts. Each of the seven outcomes either appears on the UNC Tobacco
Warnings Model (e.g., social interactions), which succinctly describes
how tobacco warnings impact behavior (Brewer et al., 2018b), or has
some correspondence with a behavioral antecedent in the model (e.g.,
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A. Chemical messages

Cigarette smoke contains uranium.
This causes lung tumors
and kidney damage.

Cigarette smoke

contains arsenic.
This causes heart damage.

Cigarette smoke contains
formaldehyde. This
causes throat cancer.
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B. Control messages

Please refrain from littering.
Cigarette butts are the
most littered item.

Cigarette butts

don't biodegrade.
Please do not litter.

Cigarette litter requires
cleanup. Discard
cigarette butts properly.

Fig. 1. Messages placed on smokers’ cigarette packs in the intervention (A) and control (B) arms.

avoidance with negative affect), further underscoring their importance.
The survey assessed avoidance (a = 0.89) and quit intentions (a = 0.96)
using separate three-item scales with desirable psychometric properties.
The other five outcomes were assessed using single-item measures
(Table 1).

1.3. Statistical analysis

Analyses used R (ver. 3.5.1; Team, 2000) and the add-on packages
lavaan (ver. 0.6-2; Rosseel, 2012) for estimating all path models, psych
(ver. 1.8.4; Revelle, 2017) for calculating ordinal reliability coefficients,
nnet (ver. 7.3-12; Ripley & Venables, 2016) for estimating multinomial
logistic regression models for randomization checks, and ggplot2 (ver.
3.0.0; Wickham, 2016) for creating figures.

We conducted multiple mediation analysis in a structural equation
modeling (SEM) framework, estimating SEM models using mean- and
variance-adjusted weighted least squares (WLSMYV). Doing so allowed us
to use pairwise deletion to handle missingness while treating all ordinal
variables (i.e., those assessed with Likert-type scales) as ordinal in SEM
models. Single-item outcomes did not have any missingness, and partial
missingness on multi-item outcomes was negligible (<3%). However,
we dropped 16 cases with complete missingness on both mediators,
message perceptions and effects perceptions, yielding an analytic sam-
ple of 703 smokers.

The measurement model specified separate factors for message per-
ceptions and effects perceptions (Fig. 2). The measurement model also
accounted for local dependence between four message perceptions items
through pairwise correlated errors and likewise on one pair of effects
perceptions items. Baig et al. (2018) found the corresponding confir-
matory factor analytic model to adequately capture the bidimensionality
of message perceptions and effects perceptions. We specified a single-
item outcome as a manifest variable and a multi-item outcome as a
latent variable.

For a given outcome (e.g., quit intentions), the structural model
simultaneously regressed the outcome onto message perceptions (b) and
effects perceptions (e; Fig. 2). The structural model also regressed
message perceptions and effects perceptions onto trial condition (a and
d) as well as regressing effects perceptions onto message perceptions (c).
Following standard procedures (Hayes, 2017), we calculated three

indirect effects of chemical messages on the outcome as the products of
relevant path coefficients: through message perceptions alone (a x b),
through message perceptions and effect perceptions sequentially (a x c
x e), and through effects perceptions alone (d x e). We used model-
based z-tests to examine the statistical significance of the indirect ef-
fects. We report path coefficients and indirect effects that were partially
standardized based on the variances of endogenous manifest and latent
variables and not the variance of trial condition, the exogenous binary
covariate. In addition, we controlled for trial condition; the corre-
sponding main effects are reported in the trial (Brewer et al., 2018a) and
other papers (Hall et al., 2018, 2017). Trial condition was not associated
with standard demographics confirming that randomization succeeded
in creating balanced conditions (26 ps > 0.06).

We confirmed SEM model fit using the Bayesian Information Crite-
rion (BIC), Comparative Fit Index (CFI), and Root Mean Squared Error of
Approximation (RMSEA). A negative BIC (Bollen et al., 2012; Jarosz &
Wiley, 2014), large CFI (>0.95), and small RMSEA (<0.06) indicated
adequate global fit. We also calculated the effect size v for the three
indirect effects (Lachowicz et al., 2018). This is a novel effect size
measure for mediation that represents the variance in the outcome
jointly accounted for by the independent variable and mediator(s) after
correcting “for spurious correlation induced by the ordering of the
variables,” (Lachowicz et al., 2018). Given its close relationship to
R%\ieq, the usual verbal categories facilitated interpretation: small
(0.02), medium (0.15), and large (0.35) (Cohen, 1992). We used this
approach to multiple mediation analysis for all seven outcomes. The lack
of appropriate temporal ordering between the mediators and outcomes
due to their assessment at a single time point meant that mediated ef-
fects could be artificially inflated. Thus, we used a critical alpha of 0.01
(or a 99% confidence interval) to provide for conservative tests of
mediation.

2. Results

More than a third of participants in the control and intervention arms
were white (>37%; Table 2). Likewise, more than a third of participants
in both arms were African-American (>34%). A minority of participants
in both arms had at least a college degree (>39%). All SEM models had
adequate fit as indicated by the negative BICs (range —204 to —118),
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Table 1

Measures for all outcomes in multiple mediation analyses with ordinal reliability coefficients for multi-item scales.
Construct, measure(s) Response Reference
Effects perceptions (a = 0.89) Strongly disagree (1)  Baig et al., 2018

This message discourages me from wanting to smoke.
This message makes smoking seem unpleasant to me.
This message makes me concerned about the health effects of smoking.

Message perceptions (a = 0.94)
This message is worth remembering.
This message grabbed my attention.
This message is powerful.
This message is informative.
This message is meaningful.
This message is convincing.

Number of conversations about the message in the past week

to
Strongly agree (5)

Strongly disagree (1)  Davis et al., 2013
to

Strongly agree (5)

0-100 times -

In the last week, how many times did you talk to other people about the label on your cigarette packs?

Avoidance of cigarette pack messages (a = 0.89)

How often did you try to avoid thinking about the labels on your cigarette packs?
How often did you try to avoid looking at the labels on your cigarette packs?

Never (1)

to
All of the time (5)

Hyland et al., 2016

How often did you put your cigarettes away because you didn’t want others to see the labels on your packs?

Seeking information about the chemicals in cigarette smoke

0 times (1) Nelson et al., 2004

In the last 3 weeks, how many times have you looked for information about the chemicals in cigarettes or cigarette smoke?  to

Quit intentions (a = 0.96)

How interested are you in quitting smoking in the next month?

6 or more times (4)

Not at all (1)

to

Klein, Zajac, & Monin, 2009

How much do you plan to quit smoking in the next month? Very (4)
How likely are you to quit smoking in the next month?
Number of times butting out a cigarette in the past week Never (1) Li et al., 2014
In the last week, how often have you butted out a cigarette before you finished it because you wanted to smoke less? to
10 or more times (5)
Number of times forgoing a cigarette in the past week Never (1) Li et al., 2014
In the last week, how often have you stopped yourself from having a cigarette because you wanted to smoke less? to
10 or more times (5)
Weekly recall of quit attempts Yes (1) CDC, 2012
In the last week, did you stop smoking for 1 day or longer because you were trying to quit smoking? No (0)

small RMSEAs (0.05 t0.06), and large CFIs (0.99 to 1.00).
2.1. Mediation by message perceptions

Chemical messages did not affect any of the outcomes through the
potential mediator message perceptions (a x b in Fig. 1). With respect to
the predictor-mediator pathway (a), chemical messages did not elicit
message perceptions different from littering messages (p = .08). With
respect to the mediator-outcome pathways (b), more positive message
perceptions were associated with weaker avoidance (f = —0.28, p =
.006) and being less likely to engage in a quit attempt (f = —0.38, p =
.003). However, message perceptions were not associated with conver-
sations about the messages (p = .36), seeking information about
chemicals (p = .55), quit intentions (p = .01), butting out a cigarette (p
=.91), or forgoing a cigarette (p = .21). As a result, none of the indirect
effects of chemical messages through message perceptions on these
seven outcomes were statistically significant (7 ps > 0.11; Fig. 3).
Furthermore, chemical messages explained very small amounts of
variance on average in the seven outcomes through message perceptions
(v median [range] = 0.002 [0.00, 0.003]).

2.2. Sequential mediation by message perceptions through effects
perceptions

Chemical messages did not affect any of the outcomes sequentially
through the potential mediators message perceptions and then effects
perceptions (a x ¢ x e in Fig. 1). As already reported for the (first)
predictor-mediator pathway (a), chemical and littering messages did not
differ on message perceptions. With respect to the mediator-mediator
pathway (c), more positive message perceptions were associated with

more positive effects perceptions (f = 0.81, p < 0.001). With respect to
the final mediator-outcome pathways (e), more positive effects percep-
tions were associated with stronger avoidance (4 = 0.79, p < 0.001),
more frequent seeking information about chemicals (8 = 0.45, p <
0.001), stronger quit intentions (# = 0.91, p < 0.001), more frequent
butting out a cigarette (8 = 0.36, p < 0.001), more frequent forgoing a
cigarette (f = 0.57, p < 0.001), and being more likely to engage in a quit
attempts (f = 0.72, p < 0.001). Effects perceptions were not associated
with conversations about the messages (p = .72). Looking at the com-
plete mediational pathway, none of the sequential indirect effects of
chemical messages through message perceptions and effects perceptions
on these seven outcomes were statistically significant (7 ps > 0.09;
Fig. 3). Additionally, chemical messages explained very small amounts
of variance in the seven outcomes sequentially through message per-
ceptions and effects perceptions (v median [range] = 0.004 [0.00,
0.010D).

2.3. Mediation by effects perceptions

Chemical messages affected six of the seven outcomes through effects
perceptions. With respect to the predictor-mediator pathway (d),
chemical messages elicited more positive effects perceptions than lit-
tering messages (f = 0.26, p < 0.001). As reported previously for the
mediator-outcome pathways (e), effects perceptions were positively
associated with all outcomes except conversations about the messages.
As a result, effects perceptions mediated the impact of chemical mes-
sages on avoidance (f = 0.20, p = .001), seeking information about
chemicals (f = 0.11, p = .008), quit intentions (# = 0.23, p = .002),
butting out a cigarette ( = 0.09, p = .004), forgoing a cigarette (f =
0.14, p = .002), and quit attempts (8 = 0.18, p = .003; Fig. 3). Effects
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Worth
remembering

Attention-

g Concern

Powerful Informative Meaningful Convincing Discourage Unpleasant

Effects
perceptions

Message
perceptions

|

Outcome
(e.g., quit intentions)

Chemical (vs. littering)
messages

Fig. 2. Path diagram for structural equation model with mediated effects of chemical messages on a given outcome through message perceptions alone (a x b),
message perceptions and effects perceptions sequentially (a x ¢ x e), and effects perceptions alone (d x e). Measurement model and additional paths included for
completeness appear in gray.

perceptions did not mediate the impact of chemical messages on con-
versations about the messages (p = .72). Chemical messages explained

Table 2
Participant characteristics.
Intervention Control
n =353 n = 350
% %
Age, years
21-29 22.4 22.9
30-39 21.2 22.9
40-49 21.2 16.6
50-59 25.8 25.4
60+ 9.4 12.3
Gender
Male 54.1 47.4
Female 42.2 47.4
Transgender (includes other gender identity) 3.7 5.2
Gay, lesbian or bisexual 25.8 24.9
Race
White 37.1 37.7
Black or African-American 36.8 34.3
Asian 8.5 8.3
American Indian or Alaska Native 4.8 4.9
Native Hawaiian or other Pacific Islander 3.4 3.1
Other 9.4 11.7
Hispanic 11.9 15.7
Education
High school graduate or less 24.6 18.9
Some college 34.0 41.7
Bachelor’s degree 34.3 32.0
Graduate degree 7.1 7.4
Household income, annual
$0-$24,999 46.7 43.7
$25,000-$49,999 24.9 23.1
$50,000-$74,999 9.9 14.9
$75,000-+ 18.4 18.3
Low income, < 200% of federal poverty level 59.8 55.4
Smoking frequency
Daily 21.8 24.0
Non-daily 78.2 76.0

small to medium amounts of variance in the seven outcomes through
effects perceptions (v median [range] = 0.02 [0.00, 0.053]).

3. Discussion

In a diverse sample of adult smokers, message perceptions did not
independently mediate the impact of chemical messages on three be-
haviors that may play a role in quitting initiation, a motivator of quit-
ting, and three quitting behaviors that varied in intensity. Message
perceptions also did not sequentially mediate chemical message impact
on these seven outcomes through effects perceptions. On the other hand,
excluding conversations about the messages, effects perceptions medi-
ated the impact of chemical messages on the six remaining outcomes.
Therefore, effects perceptions exclusively functioned as a proxy for
chemical message impact on six outcomes that included various infor-
mative and quitting behaviors, supporting our behavioral proxy hypoth-
esis. Formative research should prioritize effects perceptions for
identifying promising messages for behavior change.

An open question is whether effects perceptions are a true mediator
of message impact. In this regard, effects perceptions may actually be a
proxy for an orientation among audience members to sustained
engagement with a message in ways that lead to behavior change (as
opposed to persuasion in the case of message perceptions). This orien-
tation may come about via affective reactions to messages that inform
the viewers’ receptivity to the messages. According to regulatory fit
theory, “feeling right” about a message or message receptivity may
induce an orientation to sustained message engagement that is pro-
ductive in a given context (Cesario et al., 2008, 2004). The interpreta-
tion of effects perceptions as a proxy for this orientation finds support in
our mediational findings. Additional support comes via findings from
our cross-sectional validation study that effects perceptions were a
better predictor of behavior (Baig et al., 2021). The same study also
found that effects perceptions were more strongly associated with later
behavioral antecedents indicative of sustained message engagement
(Baig et al., 2021). Future studies should formally examine the rela-
tionship between regulatory fit and effects perceptions as a first step to
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Fig. 3. Standardized indirect effects of chemical messages through message perceptions and effects perceptions with 99% confidence intervals.

understanding the hypothesized orientation.

Unlike effects perceptions, message perceptions did not mediate the
impact of chemical messages on any of the outcomes with the corre-
sponding effect sizes being very small. Thus, message perceptions were
minimally diagnostic of a message’s potential for behavior change. A
possible explanation for the lack of mediation is that chemical and lit-
tering messages did not sufficiently vary on message perceptions.
Indeed, multiple rounds of message testing systematically excluded
weaker messages yielding highly potent trial messages (Baig et al., 2016;
Noar et al., 2018c). However, chemical messages did elicit more positive
effects perceptions than littering messages even though both types of
messages were attention-matched (Brewer et al., 2018a). As such, an
alternative explanation for the lack of mediation by message perceptions
is that they are not sensitive to messages with similar design features (e.
g., word length). Future studies should attempt to replicate our findings
using a diverse pool of candidate messages. Doing so will shed further
light on whether there is any value to assessing message perceptions in
formative research.

Our study provides support for the diagnostic value of effects per-
ceptions in message testing. Chemical messages (i.e., the intervention)
and effects perceptions (i.e., the mediator) jointly accounted for mean-
ingful amounts of variance in avoidance of the messages, chemical in-
formation seeking, quit intentions, butting out a cigarette, forgoing a
cigarette, and quit attempts. Given that the corresponding effect sizes
were small to medium, a more cautious view is that there are consid-
erable amounts of variance in these outcomes that remain unexplained.
As such, the extent to which effects perceptions capture a message’s
potential to change behavior also remains uncertain. Such a view ig-
nores the stated purpose of using effects perceptions (or PME in general),
which is to identify potent messages for further testing in a behavioral
trial or similar study. In other words, message testing with effects per-
ceptions is not a substitute for studying behavioral impact, but a means
to making the latter more efficient. This efficiency is crucial as the
development of brief behavioral interventions often begins with a large

pool of candidate messages while being subject to constraints on
research resources. The use of effects perceptions would increase the
specificity of formative research to identify potent messages for
behavior change and facilitate the optimization of a proposed inter-
vention under resource constraints. Our findings generally support the
use of effects perceptions in this capacity.

Strengths of our study include a diverse sample of smokers,
randomization to trial condition, and structural equation models that
uniquely estimated mediated effects. Focusing on a variety of outcomes
provided ample opportunities to replicate our basic mediational find-
ings. A limitation of our study is the assessment of mediators and out-
comes at the last trial visit, which made it more difficult to confirm the
temporal ordering of effects. However, similar mediational patterns
across six outcomes weaken the possibility of reverse causation. The
assessment of mediators and outcomes at a single time point may have
also inflated their covariances contributing to potentially spurious in-
direct effects. Using a more conservative critical alpha of 0.01 (or 99%
confidence intervals) and effect sizes to contextualize indirect effects
may have mitigated this possibility. Future studies should replicate our
findings using a longitudinal design with explicit temporal ordering of
mediators and outcomes. Our study also did not sufficiently capture the
heterogeneity in message testing scenarios, whether from candidate
messages or PME instruments. Future studies should also replicate our
findings in other behavioral contexts such as alcohol consumption and e-
cigarette use with different message perceptions and effects perceptions
scales to optimize the applicability of PME in formative research across
behavioral contexts.

4. Conclusion

Effects perceptions mediated the impact of chemical messages on
behavior, pointing to their diagnostic value in formative research on
health messages. Effects perceptions may represent an orientation
among message recipients to further message engagement that is
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productive for behavior change. Thus, formative assessments of effects
perceptions are practically useful for message development and may
contribute to our understanding of message processing. The value of
message perceptions above and beyond effects perceptions remains to be
established.
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