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Abstract

Background According to the Elaboration Likelihood Model, persuasion can occur via two different routes (the central route
and peripheral route), with the route utilized dependent on factors associated with motivation and ability. This study aimed
to explore the moderating role of need for cognition (NFC) and perceived relevance on the processing of physical activity
messages designed to persuade via either the central route or the peripheral route.

Method Participants (N=150) were randomized to receive messages optimized for central route processing or messages
optimized for peripheral route processing. Eye-tracking devices were used to assess attention, which was the primary out-
come. Message perceptions and the extent of persuasion (changes in physical activity determinants) were also assessed via
self-report as secondary outcomes. Moderator effects were examined using interaction terms within mixed effects models
and linear regression models.

Results There were no detected interactions between condition and NFC for any of the study outcomes (all ps > .05). Main
effects of personal relevance were observed for some self-report outcomes, with increased relevance associated with better
processing outcomes. An interaction between need for cognition and personal relevance was observed for perceived behav-
ioral control (p =0.002); greater relevance was associated with greater perceived behavioral control for those with a higher
need for cognition.

Conclusion Matching physical activity messages based on NFC may not increase intervention efficacy. Relevance of materi-
als is associated with greater change in physical activity determinants and may be more so among those with a higher NFC.
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Introduction

Physical inactivity is a widespread global problem associ-
ated with increased morbidity, premature mortality, and
substantial economic burden [1]. To address this at scale,
cost-effective and wide-reaching physical activity inter-
ventions are recommended [2]. Digital and print media
interventions (e.g., websites, mobile applications, pam-
phlets, and booklets) have the potential to reach large num-
bers of individuals at a relatively low cost [3, 4]. Although
originally delivered as mass-marketed one-size-fits-all
interventions, they are increasingly personalized to reflect
either the subgroups individuals belong to (i.e., a targeted
intervention) or the characteristics of each individual spe-
cifically (i.e., a tailored intervention). Several systematic
reviews and meta-analyses have shown that customizing
print and digital interventions in these ways lead to larger
intervention effects on health-related behaviors [5-7].
Personal relevance is thought to be the primary factor
leading to the increased efficacy of tailored health mes-
sages [8]. This is based on the Elaboration Likelihood
Model of Persuasion [9], which suggests that there are
two routes to persuade someone (i.e., influencing beliefs
and/or intentions in desired direction), the central route
and the peripheral route. The central route is used when
participants have the ability and motivation to process
information elaboratively. This type of in-depth processing
is thought to result in enduring changes to attitudes and be
most likely to occur when messages are perceived as per-
sonally relevant. The peripheral route, on the other hand,
reflects the use of simpler processes, such as the use of
heuristics, biases, and affect, and requires fewer resources
and less motivation to process information. Persuasion can
also occur via this route, though it is believed by some to
be less resistant to counter persuasion [10]. According to
popular social cognitive models of behavior change, inten-
tions are formed based on deliberation of beliefs (e.g.,
attitudes, self-efficacy beliefs), and behavior change occurs
through the translation of these intentions into actions
[11]. On this basis, interventions that successfully lead
to the development of enduring attitudes should then lead
to consistent intentions and in turn a higher likelihood of
sustained changes in behavior [12]. As such, increasing
the likelihood of central route persuasion, in particular by
ensuring personal relevance, has been a primary goal of
health promotion campaigns [13]. However, there are fac-
tors other than personal relevance that may influence moti-
vation and ability to process information (e.g., educational
attainment, level of focus or distraction). Furthermore, evi-
dence from other areas (e.g., advertising) demonstrates
that messages designed for peripheral route processing can
exert powerful influences on behavior and its antecedents,

especially with repeat or timely exposure [14, 15]. It may
therefore be possible to increase the efficacy of physical
activity promotional campaigns by seeking to persuade
via the peripheral route, and/or by identifying other fac-
tors that may impact on ability and motivation to process
information via the central route.

One potentially important factor is “need for cogni-
tion.” Need for cognition (NFC thereafter) is a personal-
ity characteristic reflecting a person’s tendency to engage
in and enjoy effortful cognitive activities [16, 17]. Indi-
viduals with a high NFC enjoy cognitive tasks and show
greater motivation to engage in the elaborate processing
of information [16-19]. In contrast, individuals with lower
NFC have a tendency to prefer processing information
less systematically, and as such are more likely to rely
on simple cues and heuristics, like the endorsement of
others (e.g., celebrities or experts) or social comparison
processes (“they are enjoying it, I might enjoy it too”)
[16-19]. Hence, it is possible that high NFC individuals
will be most likely persuaded by messages optimized for
central route processing, and low NFC individuals per-
suaded by messages designed for peripheral route process-
ing (i.e., when messages are “matched” to their NFC).
A recent review found some evidence in support for this
[20], though there was only one physical activity study
[21] and findings were mixed. Favorable outcomes were
achieved among those with lower NFC when messages
were matched to processing style (supporting matching
theory); however, message type was not associated with
persuasion outcomes among those with a higher NFC (i.e.,
no difference when matched or unmatched) [21].

One limitation of research to date has been that the major-
ity of studies have treated NFC as a binary construct [20].
This is not ideal, as NFC is normally distributed and exists
along a continuum [22]. Another issue is that studies have
not considered the impact of perceived personal relevance.
This would seem prudent, given that both NFC and per-
ceived message relevance are considered key motivators of
message processing, and that it is hypothesized that they
likely influence each other. According to Cacioppo [17, 23],
processing differences based on NFC are likely to be most
evident when health promotion materials are perceived as
moderately relevant. When messages are either very low
or very high in relevance, individuals are likely to process
information in a similar way, regardless of NFC. This is
because relevance has a strong influence on motivation to
process information elaborately. When relevance is very low,
S0 too is motivation to process information in an in-depth
way. Likewise, when relevance is very high, individuals
have increased motivation to process information elabo-
rately. Whereas when relevance is moderate, the influence
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of relevance on motivation is more subdued and need for
cognition is more likely to exert and influence on message
processing.

The primary aim of the current study was to examine
the moderating role of NFC on the processing of physical
activity materials optimized for either central or peripheral
route processing. For the purpose of this study, message
processing was broadly defined as the selection of stimuli
to attend to, the interpretation of stimuli, and whether or not
persuasion occurred [24]. Given that physical activity pro-
motion materials should be theory-informed and designed
to target key modifiable determinants of physical activ-
ity behavior [25], we define persuasion in this context as
changes to theory-based determinants of physical activity at
the individual level (e.g., changes in attitudes). We hypoth-
esized that individuals who received messages more aligned
with their need for cognition would show greater attention
towards the messages, report more positive perceptions, and
display higher levels of persuasion than individuals who
received unaligned messages. Our secondary aim, which
was exploratory, was to examine the role of personal rel-
evance as an influence on the relationship between NFC
and message processing. We expected NFC and personal
relevance to interact when influencing message processing,
such that NFC would be most influential when perceived
personal relevance was moderate. At very low or very high
levels of relevance, NFC was not anticipated to be associ-
ated with message processing.

Method
Study Design

This trial was a two-group randomized experimental study.
Participants were randomized 1:1 to receive either stimuli
optimized for central route processing or stimuli optimized
for peripheral route processing. Outcomes were assessed
during the presentation of stimuli on a computer monitor
(using eye tracking devices) and pre- and post-exposure
using self-administered questionnaires. Total gaze duration
within pre-specified areas of interest (AOI), which is a valid
and reliable measure of visual attention [26] was used as
the primary outcome measure. Ethics approval was obtained
from the School of Psychology Human Research Ethics
Sub Committee at the University of Adelaide. To facilitate
accurate replication, study materials, including intervention
stimuli, can be downloaded from the study’s repository at
the Open Science Framework [https://osf.io/cj4ze/]. Report-
ing of the study is in line with the CONSORT statement for
randomized trials [27]

@ Springer

Setting and Participants

The study was conducted at the University of Adelaide
between March and April 2016. Participants included adults
aged 18 to 60, who could read and write in English, and
attend the testing site during business hours (9am-5 pm
Monday-Friday). Inclusion in the study required that they
could clearly view a computer screen without the assistance
of glasses (contact lenses permitted), had not had laser eye
surgery, and were not already participating in 30 min of
moderate-vigorous physical activity on five or more days per
week (assessed via self-report). Participants were recruited
using a variety of methods, including posts on Facebook and
Gumtree (i.e., a classified advertisement site), and the use of
hard copy flyers posted around the University. Participants
received a $50 visa debit card as reimbursement.

Accrual and Randomization

All recruitment material contained a link to the study web-
site where potential participants could complete the screen-
ing questionnaire and register for the study if eligible.
Recruitment was paused within 5 days of commencement
due to the large number of eligible responders.

Given that the majority of candidates were assumed to
be university students and may therefore be more likely to
exhibit higher need for cognition [28], an accrual protocol
was devised a priori to maximize the variance of need for
cognition scores in enrolled individuals. In brief, a 3-item
measure of need for cognition [20] was included in the
screening questionnaire. The first five candidates were
accrued, and subsequently the Kullback-Leibler (KL) diver-
gence between the distribution of the 3-item sum and the
uniform distribution was calculated. Thereafter, candidates
were accrued automatically if the KL divergence improved;
otherwise, the chance of accrual was set at 25%, thereby
increasing the variance in NFC scores. Upon accrual, indi-
viduals were randomly distributed between central versus
peripheral route intervention groups using a randomized
block design, stratified by the 3-item sum dichotomized (low
vs high) NFC score, with random block lengths of 2, 4, or 6.
The randomization protocol was designed by author AV and
actioned by author CES.

The first 50 candidates accrued were contacted by the
research team to make an appointment time. If an appoint-
ment time could not be made (due to no response or una-
vailability) or if the participant failed to show up, the next
accrued candidate on the list was contacted and asked to
schedule an appointment. This continued until 50 individu-
als had been tested.
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Experimental Conditions

Both sets of experimental materials were developed to target
the same determinants of physical activity behavior (inten-
tion, attitudes, and perceived behavioral control as outlined
by the Theory of Planned Behavior [29]) and convey the
same key take-home messages (see Supplementary Material
1). Theory of Planned behavior was chosen as the guiding
theoretical framework as it is one of the most commonly uti-
lized theories in physical activity promotion using print and
digital media [4, 30], and its use is associated with increased
effect sizes [30]. How the key messages were communi-
cated differed in each experimental condition, as described
below. Quality of materials was assured through rigorous
pre-testing (n=21) prior to the trial (see https://osf.io/cj4ze/).

Central Route Materials

Materials in this condition emphasized facts relating to
physical activity benefits and behavior change and pre-
sented arguments in a direct manner. The information was
presented in a modular format, simulating common educa-
tional materials. Compared to the other condition, more in-
depth information was provided, including information on
mechanisms of action (e.g., explaining how exercise leads to
less stress). Images and color were used minimally and were
only a key focal point when they were instructive (e.g., graph
showing the relationship between health benefits and exer-
cise intensity) or neutral (e.g., reinforce text without evoking

emotion). The materials consisted of 11 slides in total. See
Fig. 1 for an example slide.

Peripheral Route Materials

The materials in this condition were presented in a more
simplistic manner and were designed to evoke positive feel-
ings and engage the reader via a familiar narrative. Com-
pared to the central route material, images and color were
relied on heavily, with minimal text. The materials consisted
of 14 slides in total. See Fig. 2 for an example of slides.

Measures
Participant Characteristics

Assessed demographic factors included gender, age, employ-
ment status, highest level of education, post-tax household
income level, and relationship status. Body mass index
(BMI; kg/m?) was calculated based on self-reported height
and weight. Physical activity was assessed using an adapted
version of the Godin Leisure-Time Exercise Questionnaire
[31, 32], with vigorous activity minutes weighted by two
to account for additional benefits. Physical activity habit
strength was assessed with the Behavioral Automaticity
Index [33]. Previous exposure to physical activity mes-
sages was assessed using a purpose-built single item “How
much information or advice about building healthy physical

Fig. 1 Example slide from the
central route experimental con-
dition. This slide was designed
to influence experiential atti-
tudes and perceived behavioral
control by encouraging message
recipients to set graded tasks
that suit them

activity and do it.

Now that you’re aware of the recommended type, amount and intensity of
exercise, beginning may seem a little overwhelming. However, do not wait until
you feel like it to begin. You have to act before you feel like it. Schedule

g -7 3
vL’%j*’"N‘
N

Explore ideas to find something that works for YOU. Start small, and from
there big things will grow. Begin by going for a walk, a short run or simply by
doing 5 standing push ups in your lounge room.

GETTING STARTED &
STAYING COMMITTED

i hrﬂewré‘,

"N 4 n }oeu,,,

) “"},
@ 19 n
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Fig.2 Example slides from the peripheral route experimental condition. These slides were also designed to influence experiential attitudes and
perceived behavioral control by encouraging message recipients to set graded tasks that suit them

activity habits would you say you have read or viewed in
the past?” with six response options ranging from none to a
substantial amount.

Outcomes
Attention

When viewing intervention material on the monitor, par-
ticipants’ eye movements were recorded as an indicator of
attention. Total gaze duration within pre-specified areas of
interest (AOI; i.e., all graphics and text) was used as the
primary measure. The proportion of gaze time within an
AOI, relative to total slide viewing time (AOI ratio), was
also assessed. Gaze duration within AOISs is considered a
valid and reliable measure of visual attention [26] and was
chosen as the primary outcome as attention is considered a
core component of message processing and may be a prereq-
uisite for influencing user perceptions, attitudes, and inten-
tions [34].

Eye movements were recorded with an Arrington View-
Point EyeTracker system (Arrington Research), sampling at
220 Hz with a spatial precision of 0.25° of visual angle. The
location of gaze was sampled every 4.4 ms. Gaze duration
was calculated as the number of samples recorded within
that AOI, multiplied by the sampling rate. This allowed for
a calculation of raw time (in ms) of gaze in each AOI and
the total time spent viewing each slide.

In addition, to help visualize how participants attended to
the materials, heatmaps were calculated from gaze points,
represented as x,y scatter density. Data were plotted for par-
ticipants within the top tertile (highest in NFC) versus the
bottom tertile (lowest in NFC).

@ Springer

Physical Activity Determinants

Intentions, attitudes, and perceived behavioral control
were assessed pre- and post-exposure using standard self-
report items, in line with suggestions by Ajzen [35, 36].
Scale scores were created for each determinant by summing
items together, with higher scores equating to more posi-
tive responses. An overview of the measures used, includ-
ing items and response scales, is provided in Supplementary
Material 2.

User Experience and Perceptions

All user experience and perception measures were assessed
during the post-exposure questionnaire.

Quality of Experience An adapted version of the enjoyment
of website experiences scale [37]was used to assess partici-
pants’ experience of viewing the physical activity materials.
The measure was adapted to say “while viewing the materi-
als” rather than “while visiting the website.” The measure is
comprised of twelve items, four measuring the subscales of
engagement, four measuring positive affect, and four items
measuring fulfillment. Item scores are summed together
to form subscale scores (range =0-24) and an overall user
experience score (range =0-72). Higher scores indicate a
more positive user experience. Previous research has dem-
onstrated that this measure has a high degree of reliability
and validity [37].

Perceived Message Effectiveness A 3-item perceived effec-
tiveness scale, adapted from Jensen et al. [38], was used
to assess the perceived persuasiveness of the message. The



International Journal of Behavioral Medicine (2023) 30:320-333

325

three items are “Was the material convincing?”, “Would
people your age who are not already active be more likely to
become active after reading the information presented?”, and
“Would the materials be helpful for convincing your friends
and family to become more physically active?”” with 4-point
response options: definitely no, no, yes, and definitely yes
(score range per item; 0-3). Higher sum scores of the three
items indicate greater perceived effectiveness (range =0-9).

Perceived Message Informativeness Participants’ thoughts
about the amount of information in the message materials
were measured using an adapted version of the perceived
message informativeness scale [39]. The scale includes 2
items which require participants to rate their responses on
a 5-point scale ranging from strongly disagree to strongly
agree. The two items are “The material was informative”
and “I learned something from the material presented.”
Higher scores indicate greater perceived informativeness
(range =0-8).

Moderators
Need for Cognition

Need for cognition was assessed at baseline using the short-
form need for cognition scale [40]. The scale consists of 18
items requiring participants to rate on a 7-point Likert scale,
ranging from “strongly disagree” (0) to “strongly agree” (6),
the degree to which they believe the statement to be charac-
teristic of them. Responses were summed to create a total
NFC score (range =0-108) with higher scores indicating
higher NFC.

Perceived Personal Relevance

Perceived personal relevance of the message was assessed
post-test using three purpose-built items, with an acceptable
Cronbach’s alpha (0.79). Items were scored on a 7-point Lik-
ert scale that ranged from “strongly disagree” to “strongly
agree.” The items were as follows: “The information pro-
vided was very relevant to me”’; “The information provided
was applicable to my situation”; “The information provided
seems like it was written with someone like me in mind.”
Personal relevance scores were calculated by summing the
responses to the three items together (range =0-21), with
higher scores indicating the participants held higher personal
relevance perceptions of the message.

Sample Size Calculation
We assumed that (i) the difference in prevalence of NFC

categories (high vs. low) would not exceed 40% (i.e., ranging
from 3:7 to 7:3); (ii) under an appropriate transformation,

gaze duration outcome mean would be normally distributed
per combination (treatment group X low vs. high NFC) with
constant within-group standard deviation (SD); and (iii) the
alternative hypothesis of interest consists of high (low) NFC
individuals having a gaze duration of 2.5 SD (1.5 SD) when
viewing matched materials and 0.5 SD (0.5 SD) spans when
viewing mismatched materials. Subsequent simulations indi-
cated that 50 individuals (25 allocated to each experimental
condition) would be sufficient to provide at least 80% power
to detect an interaction between need for cognition (high vs
low) and treatment groups (central vs peripheral) in a linear
regression (2-sided alpha=0.05).

Statistical Method

Means (standard deviations) and frequencies (percent-
ages) are reported for continuous and discrete participant
demographics, respectively, unless otherwise specified. All
analyses included only those that completed data collection
(n=50).

The analysis of both the primary endpoint, gaze duration
within AOIs, and the ratio of gaze duration time within
AOISs to total duration consisted of a mixed effects bino-
mial regression model with quadratic parameterization. As
gaze duration differed greatly by slide, in both analyses,
non-nested random intercepts were included for both indi-
vidual and slide. Fixed effects consisted of NFC, treatment
allocation (central vs peripheral), age, gender (female vs
male), moderate-to-vigorous physical activity, prior mes-
sage exposure, and personal relevance. The interaction
between NFC and treatment allocation was of primary
interest, and an additional post hoc interaction between
NFC and personal relevance was also explored. In these
analyses, continuous fixed effects were centered and stand-
ardized by the sample mean and standard deviation. For the
primary analysis, individuals were analyzed into the group
to which they were allocated. There was one individual in
the peripheral route condition with a total AOI duration
of 229 s, almost three times the next slowest individual in
that group (82 s). We believe that this was probably due to
English being a second language. There was also one indi-
vidual who did not receive the correct stimulus. A sensitiv-
ity analysis was explored to examine the impact of these
protocol deviations, which excluded the individual with
English language difficulties and ensured that individuals
were analyzed by the treatment they received rather than
how they were allocated.

The analysis of post-treatment assessments of sec-
ondary outcomes consisted of linear regressions adjust-
ing for age, gender, treatment allocation, NFC, personal
relevance, physical activity, and prior exposure. Models
for physical activity determinants (i.e., intensions, atti-
tudes, and perceived behavioral control) also adjusted for
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pre-treatment scores. Again, interactions between NFC Results
and both treatment allocation and personal relevance were

explored. Participant Flow

Analyses were performed in R (version 3.6.3) using pack-
age glmmTMB for the negative binomial mixed effects mod-  Participant Flow is summarized in Fig. 3. In total, out of
eling. Significance was set at a threshold of 0.05 (two-sided). 315 participants screened, 71 individuals were invited to

[ Enrollment ] N
Assessed for eligibility (n=315)

Excluded (n=133)

0 Not meeting inclusion criteria (n=95)
0 Did not complete screen (n = 2)

0 Did not consent/register (n=36)

v

Deemed eligible and
consenting (n = 182)

Not accrued (n=111)
0 25% probabil'it.y of'accrual (n = 108)
0 100% probability of accrual = (but target sample
size already reached, n = 3)
v
[ Allocation ] Randomized (n=71)
y
Allocated to peripheral intervention group (n= 36) Allocated to central intervention group (n=35)
[1 Completed baseline and received allocated 0 Completed baseline and received allocated
intervention (n=25) intervention (n=24)
[ Did not completed baseline or receive allocated 7 Did not receive allocated intervention
Intervention - Administrative error, given peripheral route
- Did not respond to appointment request (6) intervention (n=1)
- Did not attend scheduled appointment (4) 0 Did not complete baseline or receive allocated
intervention
- Did not respond to gppointment request (6)
- Did not attend scheqluled appointment (5)
[ Analysis ]
v
Analysed (n= 25) Analysed (n=25)

Fig.3 CONSORT flowchart presenting screening, accrual, randomization, and exclusion details
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participate and randomized prior to completing baseline
assessments (based on pre-specified randomization proto-
col). Of those, 50 participants attended their study appoint-
ment (25 in each group). All data collection occurred at
the study appointment.

Participant Characteristics

Participants ranged in age from 18 to 55, with a median
age of 21. Baseline physical activity levels were higher than
expected (24% reported participating in 150 min or more per
week of moderate to vigorous physical activity completed
across at least 5 days of the week); however, physical activ-
ity habit strength (assessing the self-reported automaticity
of physical activity) was low among all participants. NFC
scores ranged from 21 to 92 (possible range is 0-108) with
amean of 64.1 (SD=14.6). Participant characteristics were
well-balanced across study conditions, with the exception of

gender (12% in the peripheral route group as compared 42%
in the central route group; see Table 1).

Outcomes

Attention

Primary Outcome: Gaze Duration within AOls Due to the
different quantity of text presented, the time participants
spent viewing slides differed between intervention groups.
The median AOI duration across all slides for the peripheral
route intervention was 47 s (IQR=[39, 69]) compared to a
median of 157 s (IQR=[122194]) in the central route group.
Likewise, the median gaze time in AOIs per slide was shorter
in the peripheral group (median=3.1; IQR=[1.1, 4.9]) com-
pared to the central route (median=13.1; IQR=[7.4, 19.1]).

Table 1 Participant
characteristics

Peripheral (n =25) Central (n =25) Total (n =50)

Male gender, n (%)
Age, median (range)
Weekly income, n (%)
<$1170

>$1170

Prefer not to answer
Employment, n (%)
Unemployed

Casual

Part-time

Full-time

Student

Highest Education, n (%)
High school
Diploma

University degree
Relationship, 1 (%)
Single

In a relationship
Married/de facto
BMI, mean (SD)

Minutes/week moderate-vigorous
physical activity, mean (SD)

Habit strength, mean (SD)

Prior exposure to physical activity
information, n (%)

A small amount

A moderate amount

A substantial amount

Need for cognition

<1 SD from mean, n (%)

> 1SD from the mean, n (%)

3 (12%) 10 (40%) 13 (26%)
20 (18-55) 21 (18-53) 21 (18-55)
10 (40%) 9 (36%) 19 (38%)
7 (28%) 11 (44%) 18 (36%)
8 (32%) 5 (20%) 13 (26%)
2 (8%) 6 (24%) 8 (16%)
5 (20%) 2 (8%) 7 (14%)
4 (16%) 4 (16%) 8 (16%)

1 (4%) 2 (8%) 3 (6%)

13 (52%) 11 (44%) 24 (48%)
15 (60%) 11 (44%) 26 (52%)
0 (0%) 5 (20%) 5 (10%)
10 (40%) 9 (36%) 19 (38%)
12 (48%) 11 (44%) 23 (46%)
11 (44%) 11 (44%) 22 (44%)
2 (8%) 3 (12%) 5 (10%)
24.2 (5.6) 24.0 (4.5) 24.1 (5.0)
212 (378) 143 (152) 178 (288)
1.4 (1.3) 1.2 (1.0) 1.3 (1.1)
7 (28%) 10 (40%) 17 (34%)
16 (64%) 13 (52%) 29 (58%)
2 (8%) 2 (8%) 4 (8%)
61.5 (13.1) 67.1 (15.7) 64.1 (14.6)
5 (20%) 3 (12%) 8 (16%)
3 (12%) 6 (24%) 9 (18%)
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The multivariable mixed-effects negative binomial regres-
sion for AOI gaze duration provided no evidence for
associations with age (p =0.41), gender (p =0.77), NFC
(p=0.63), prior exposure to messages (p =0.25) nor per-
sonal relevance (p =0.08). There was weak evidence that
individuals with higher physical activity levels exhib-
ited reduced AOI times (p=0.86, 95% CI=[0.73, 1.00],
p=0.05; see Table 2). With regard to the primary aim, no
evidence was found for a matched-mismatched interaction
between NFC and allocation (§=0.78, 95% CI=[0.57,
1.07], p=0.12), with the point estimate for the interaction
being in the incorrect direction to what originally antici-
pated (see Fig. 4). The sensitivity analysis resulted in no
qualitative differences for these conclusions, though nota-
bly the p-value for perceived personal relevance increased
to p=0.3 (see Supplementary Material 3). In regard to
the secondary aim, there was no evidence of an interac-
tion between personal relevance and NFC on the primary
outcome (p=0.67).

AOI Ratio For AOI ratio, results were similar to those
described above for AOI gaze duration, except that physical
activity was not observed to be significantly associated with
this outcome (p=0.19; see Table 2).

Heatmaps Differences in attention based on NFC (aim 1)
were explored further by observing Heatmap data. Among
those allocated to the central route group, those with high
NFC appeared to spread their attention across the avail-
able information more evenly, whereas those with low NFC
seemed to focus more attentively on key points (e.g., head-
ings, dot-points; see Supplementary Material 4). Differences
in gaze between those with high and low NFC appeared
less pronounced on the heatmaps among individuals view-
ing peripheral route materials, though attention to written
text did seem higher overall in those with a higher NFC.
As noted, these differences did not translate into detectable
differences in gaze duration.

Physical Activity Determinants

Physical activity intentions, attitudes, and perceived behav-
ioral control scores were positive in both groups, with no
between-group differences observed after adjusting for
baseline (Table 3). The matched-mismatched interaction
between NFC and allocation was not statistically significant
for any of the physical activity determinant outcomes (aim
1, see Supplementary Material 5). However, all three post-
intervention physical activity determinants were positively

Table 2 Mixed effects regression models of the primary outcome, AOI gaze duration, and AOI ratio; (A) without and (B) with a pairwise inter-

action between need for cognition and intervention group

AOI gaze duration No interaction (A) Interaction (B)

SD Est [95% CI] p-value Est [95% CI] p-value
Intercept 3.48 [2.17,5.59] <0.001 3.70[2.31,5.92] <0.001
NFC 14.3 1.04 [0.88, 1.23] 0.63 1.21 [0.94, 1.56] 0.13
Allocation (Cen vs Per) 2.96 [1.75, 5.01] <0.001 2.88 [1.72, 4.84] <0.001
Age 8.6 1.07 [0.91, 1.25] 0.41 1.06 [0.91, 1.24] 0.42
Gender (F v M) 0.95 [0.66, 1.37] 0.77 0.92 [0.64, 1.32] 0.65
MVPA? 296 0.86 [0.73, 1.00] 0.05 0.84 [0.72, 0.98] 0.03
Prior message exposure 0.796 0.9210.79, 1.07] 0.25 0.94 [0.81, 1.09] 0.37
Relevance 3.63 1.15[0.98, 1.35] 0.08 1.17 [1.00, 1.37] 0.05
NFC x allocation 0.78 [0.57, 1.07] 0.12
AOQOI ratio No interaction (A) Interaction (B)

SD Est [95% CI] p-value Est [95% CI] p-value
Intercept 0.57 [0.48, 0.66] <0.001 0.59 [0.50, 0.68] <0.001
NFC score 14.3 0.00 [-0.03, 0.03] 0.92 0.03 [-0.02, 0.08] 0.19
Allocation (Cen vs Per) 0.10 [0.01, 0.20] 0.03 0.10 [0.01, 0.20] 0.03
Age 8.6 0.02 [-0.01, 0.05] 0.2 0.02 [-0.01, 0.05] 0.2
Gender (F v M) 0.00 [-0.07, 0.07] 0.97 —0.01 [-0.08, 0.06] 0.82
MVPA? 296 —0.02 [-0.05, 0.01] 0.19 —0.02 [-0.05, 0.01] 0.12
Prior message exposure 0.8 —0.01[-0.04,0.01] 0.31 —0.01 [-0.04, 0.02] 0.45
Relevance 3.63 0.03 [0.00, 0.06] 0.08 0.03 [0.00, 0.06] 0.04
NFC x allocation —0.05[-0.11,0.01] 0.1

AMVPA, moderate to vigorous physical activity reported at baseline, with vigorous activity minutes weighted by two
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associated with personal relevance (intentions p =0.02; per-
ceived behavioral control p=0.003, and attitudes p <0.001).
A one unit increase in perceived relevance was associated
with 0.25-0.40 unit increase in the physical activity determi-
nants (intentions, attitudes, and perceived behavioral control,
rated on scales ranging from 0-18 to 0-28). An interaction

between personal relevance and NFC was observed for per-
ceived behavioral control (aim 2, Table 3). In particular, for
participants higher in NFC, an increase in relevance was
associated with an increase in perceived behavioral con-
trol (Fig. 5). There were no other significant interactions

Table 3 Linear regression models of the physical activity determinant outcomes, (A) without and (B) with a pairwise interaction between need
for cognition and relevance (for perceived behavioral control only)

Intentions (A) Attitudes (A) PBC (A) PBC (B)

Coef [95% CI] p-value Coef [95% CI] p-value Coef [95% CI] p-value Coef [95% CI] p-value
Intercept —0.1[-4.7,4.5] 096 —-09[-4.9,3.2] 0.68 —-1.6[-6.6,3.4] 0.54 12.9 [3.1, 22.6] 0.01
Baseline 0.69 [0.53, 0.85] <0.001 0.63 [0.50, 0.76] <0.001 0.68 [0.47, 0.89] <0.001 0.74 [0.55, 0.93] <0.001
Allocation (Cen vs Per) —0.8 [-2.2,0.7] 031 -0.1[-14,1.1] 0.86 —0.6[-2.1,1.0] 048 —04[-1.8,1.0] 0.55
NFC 0.04 [-0.01, 0.09] 0.13 0.03 [-0.01, 0.08] 0.12 0.04 [-0.01, 0.09] 0.17 —0.19[-0.33,-0.04] 0.01
Relevance 0.25 [0.06, 0.44] 0.02 0.40 [0.24, 0.56] <0.001  0.34[0.13,0.55] 0.003 —0.81[-1.52,—0.09] 0.03
Age —0.04 [-0.12, 0.04] 036 —0.05[-0.12,0.02] 0.15 —0.04[-0.12,0.05] 039 —0.06 [-0.14,0.02] 0.12
Gender —0.06 [—-1.74, 1.62] 0.94 0.40 [—1.09, 1.89] 0.60 0.89 [—0.83, 2.60] 0.32 1.57 [-0.03, 3.17] 0.06
FvM
PME? 0.37 [-0.44, 1.18] 0.38 0.55[-0.15, 1.24] 0.13 0.18 [-0.69, 1.05] 0.68 —0.03[-0.82,0.76] 0.95
MVPAP® 0.0011 [-0.0013, 0.38 0.0015 [—0.0005, 0.16 0.0001 [-0.0025, 0.91 0.0005 [-0.0019, 0.69

0.0035] 0.0036] 0.0028] 0.0028]

NFC xrelevance - - - 0.018 [0.007, 0.028] 0.002

#PME, prior message exposure

"MVPA, moderate to vigorous physical activity reported at baseline, with vigorous activity minutes weighted by two

@ Springer



330

International Journal of Behavioral Medicine (2023) 30:320-333

| ® NFC: 1st Tertitle
o NFC: 2nd Tertitle
¢ NFC: 3rd Tertitle

Change in PBC

T I
10 15

Personal Relevance

Fig.5 Interaction between personal relevance and NFC on change in perceived behavioral control

between NFC and either treatment allocation or relevance ~ mean=42.4 (SD 12.9)), with scores suggesting a moderately

observed for any of the other outcomes (all ps > 0.20).

User Experience and Perceptions

positive experience (overall mean=41.5 (SD 11.3), out of
a possible 70). Perceived message effectiveness was also
rated moderately by both groups (overall mean=5.4 out of
9, SD=1.4), with no between-group differences observed

Participants in both groups rated the user experience simi- (Table 4). In contrast, there was a significant effect of group
larly (peripheral group mean 40.7 (SD 9.8); central group ~ on message informativeness, with participants allocated to

Table 4 Linear regression models of user experience and perception outcome

Message effectiveness Message informativeness User experience

Coef [95% CI] )4 Coef [95% CI] p Coef [95% CI] )4
Intercept 3.3[0.9,5.7] 0.01 3.5[1.7,5.3] <0.001 8.0 [-11.1, 27.0] 0.42
Baseline
Allocation CvP 0.2 [-0.6, 0.9] 0.68 1.2 [0.6, 1.7] <0.001  09[-5.2,7.1] 0.76
NFC 0.00 [-0.03, 0.03] 0.97 —0.01 [-0.03, 0.00] 0.15 0.02 [-0.18, 0.23] 0.82
Relevance 0.16 [0.06, 0.26] 0.004 0.16 [0.08, 0.23] <0.001 1.38[0.57,2.20] 0.002
Age 0.03 [-0.01, 0.07] 0.17 0.01 [-0.02, 0.04] 0.49 0.27 [-0.07, 0.61] 0.13
Gender FvM 0.34 [-0.53, 1.21] 0.45 0.66 [0.01, 1.30] 0.05 5.3 [-1.5,12.2] 0.14
PME* -0.30 [-0.74, 0.13] 0.18 —0.09 [-0.41, 0.24] 0.60 2.1[-1.3,5.6] 0.23
MVPA? 0.0003 [-0.0010, 0.0015]  0.70 —0.0004 [-0.0013, 0.0005] 041  -0.0021 [-0.0121, 0.0078]  0.68

PME, prior message exposure

®MVPA, moderate to vigorous physical activity reported at baseline, with vigorous activity minutes weighted by tw
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the peripheral route group rating the materials lower than
participants in the central route group. This is to be expected
by design. The interaction effect between NFC and either
treatment allocation (aim 1) or personal relevance (aim 2)
on these outcomes was not significant (all ps>0.10). Per-
ceived personal relevance was found to be positively associ-
ated with all outcomes (p <0.01; see Table 4). A one unit
increase in perceived relevance (rated on a scale ranging
from O to 18), was associated with a 0.16 unit increase in
perceived message effectiveness (rated on scale ranging
from O to 9) and informativeness (rated on scale ranging
from O to 8), and a 1.4 unit increase in user experience (rated
on a scale ranging from O to 72).

Discussion

The primary aim of this study was to examine the mod-
erating role of NFC on the processing of physical activity
promotion materials optimized for either central or periph-
eral route processing. Contrary to our hypothesis, we found
no evidence of matching effects, whereby better message
processing outcomes are observed in individuals receiving
materials more aligned with their NFC. There was some
evidence, however, that NFC was associated with how
information was processed more generally (i.e., regardless
of group). While NFC was not found to be directly associ-
ated with any of the message processing outcomes assessed
(e.g., attention in areas of interest, acceptability, changes in
attitudes), inspection of the heatmaps suggested that those
with highest NFC may have paid closer attention to textual
information across both conditions and overall were more
likely to look at all elements within the materials than those
with the lowest need for cognition. This observation is con-
sistent with the notion that those with a higher NFC enjoy
cognitive tasks and those with a lower NFC are inclined
to reduce cognitive load [17, 18]. Given the heatmap data,
one possible explanation for our null finding regarding the
matching hypotheses is that NFC influenced how persua-
sion occurred within each group, but not the extent of per-
suasion. If this is so, it implies that both sets of materials
contained both peripheral and central route processing cues,
and that it may be possible to develop messages that can
persuade using both pathways simultaneously, and, as such,
are appropriate for people of any need of cognition. This
speculation requires further exploration. To facilitate this,
it is recommended that in future studies different types of
areas of interest are specified and coded based on cue type.
This would allow for examination of within-group process-
ing differences.

Our secondary aim was to explore the role of per-
ceived personal relevance as an influence on the relation-
ship between need for cognition and message processing.

Perceived personal relevance was found to be positively
associated with message processing outcomes across groups,
though this was not statistically significant for the attention
outcomes. Further, contrary to our hypothesis, a significant
interaction between NFC and relevance was only observed
for one of the message outcomes, perceived behavioral con-
trol, and this was not in the pattern expected. Rather than
finding a more pronounced difference between those with a
higher versus lower NFC at moderate levels of relevance as
per [23], the greatest differences were observed at the upper
and lower thresholds of relevance. It seems, therefore, that
relevance had little impact on perceived behavioral control
for those with a low NFC, but that it did have an impact
for those with a high NFC. For those individuals, the more
relevant the materials were perceived, the greater impact the
materials had on perceived behavioral control. This finding
may offer a possible explanation for the results observed by
Conner et al. [21]. Perhaps personal relevance of the materi-
als optimized for central route processing were low in per-
ceived relevance, reducing the persuasive effect of matched
materials for those with high NFC.

Taken together, these findings reinforce existing evidence
that personal relevance is key to persuasion [38], and suggest
that relevance may be most important when targeting those
with a higher NFC. Whether this depends on the messag-
ing type employed (central route versus peripheral route)
remains unclear as it was not possible to meaningfully test
a three-way interaction in our study in light of our sample
size (formulated based on the primary aim).

This study presents several limitations that should be
acknowledged. First, the majority of our sample were female
and younger adults, with a median age of 21. The gener-
alizability of our findings to less represented groups such
as men and older adults is therefore unclear. Some partici-
pants (24%) also reported activity levels in line with national
guidelines during the baseline assessment. As active partici-
pants are likely to have high baseline scores on determinants
of exercise measures, this may have reduced power when
examining changes in intention, attitudes, and perceived
behavioral control beliefs due to ceiling effects. Our accrual
protocol also resulted in the randomization of 21 individuals
who did not participate in any study procedures, including
the baseline assessment. This made an intention-to-treat
analysis impossible and instead we have only conducted a
complete case analysis, which may have introduced some
selection bias. While it does appear that our accrual protocol
performed well in terms of maximizing variance in NFC
(compared to population norms [22]), randomization should
have occurred after baseline assessment. It may have also
been useful to include demographic factors into our accrual
algorithm (e.g., eligible women have accrual probability of
0.6) to ensure a greater demographic heterogeneity. With
these refinements, use of our recruitment protocol may be
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useful in future research to balance timely recruitment with
the need for variance in key variables.

Second, our study did not include a behavioral outcome.
It is unclear if the differences we saw in persuasion and user
experience will actually translate into behavior change. Over-
all, our results should be considered hypothesis generating,
with future studies testing the impact of message type, and
the moderating role of NFC and personal relevance on behav-
ior recommended. This study, however, is an important first
step in understanding the moderators of physical activity
message processing, which is critical to our capacity to bet-
ter target physical activity promotion messages in the future.
Key strengths of the study include the examination of multi-
ple dimensions of message processing, the use of a strategic
accrual protocol, exploration of NFC in continuous rather
than binary form, the rigorous theory—based development of
study stimuli, and mixed measures to assess outcomes.

Overall, the results of our study suggest that matching
physical activity messages based on NFC may not be suf-
ficient to increase message persuasiveness. This may be
dependent on the types of cues that are present in the mes-
sages, the underlying determinants of behavior targeted,
the number of times exposed, and other tailoring factors.
Perceived personal relevance of materials does appear to
be associated with greater change in physical activity deter-
minants and may be more so the case among those with
a higher need for cognition. These findings may be useful
to consider when developing new physical activity promo-
tion materials. In particular, where central route persuasion
methods are utilized, strategies to increase the relevance of
materials are recommended. This could include collabo-
rative processes with intended end-users to identify and
refine content, as well as intervention techniques designed
to increase personalization (e.g., computer-tailoring and
recommender systems). A greater focus on embedding per-
suasive peripheral cues into any developed physical activity
promotion materials may also be beneficial. While further
research is needed, it may be possible to design materials
that can persuade via both the central and peripheral path-
ways. If so, such materials may be able to persuade a wider
variety of audiences and may also be more effective than
materials designed to persuade via a single pathway. Further
research examining any possible synergistic or detrimental
effects of targeting both pathways at once is recommended.
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Acknowledgements We would also like to acknowledge the summer
scholarship students, Irene Nikoloudakis, Rebekah Riggs, and Madeleine
Benton, who helped us to develop and pre-test the materials. The sum-
mer scholarship students were provided stipends from the Freemasons
Foundation Centre for Men’s Health (RR, MB) and the Adelaide Medical
School (IN).

@ Springer

Funding Open Access funding enabled and organized by CAUL and its
Member Institutions. This research was funded by an Interdisciplinary
research grant awarded to CES, MD, AS, and PQ from the University
of Adelaide. ALR (ID1105926) and CES (ID 1090517) were funded
by the National Health and Medical Research Council of Australia.
MIJD (ID 100029) and CV (ID 100427) were funded through a Future
Leader Fellowship from the National Heart Foundation of Australia.

Declarations

Ethical Approval All procedures performed in studies involving human
participants were in accordance with the ethical standards of the insti-
tutional and/or national research committee and with the 1964 Helsinki
declaration and its later amendments or comparable ethical standards.

Informed Consent Informed consent was obtained from all individual
participants included in the study.

Conflict of Interest The authors declare no competing interests.

Open Access This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long
as you give appropriate credit to the original author(s) and the source,
provide a link to the Creative Commons licence, and indicate if changes
were made. The images or other third party material in this article are
included in the article's Creative Commons licence, unless indicated
otherwise in a credit line to the material. If material is not included in
the article's Creative Commons licence and your intended use is not
permitted by statutory regulation or exceeds the permitted use, you will
need to obtain permission directly from the copyright holder. To view a
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

1. Ding D, et al. The economic burden of physical inactivity: a
global analysis of major non-communicable diseases. The Lancet.
2016;388(10051):1311-24.

2. World Health Organization. Global action plan on physical activ-
ity 2018-2030: more active people for a healthier world. 2018:
Geneva. Licence: CC BY-NC-SA 3.0 IGO.

3. Vandelanotte C, et al. Past, present, and future of eHealth and
mHealth research to improve physical activity and dietary behav-
iors. J Nutrit Educ Behav. 2016;48(3):219-228. el.

4. Short C, et al. Efficacy of tailored-print interventions to promote
physical activity: a systematic review of randomised trials. Int J
Behav Nutr Phys Act. 2011;8(1):113.

5. Wolfenden L, Nathan N, Williams CM. Computer-tailored inter-
ventions to facilitate health behavioural change. British J Sports
Med. 2014.

6. Broekhuizen K, et al. A systematic review of randomized con-
trolled trials on the effectiveness of computer-tailored physical
activity and dietary behavior promotion programs: an update. Ann
Behav Med. 2012;44(2):259-86.

7. Lustria M, et al. A meta-analysis of web-delivered tailored health
behavior change interventions. J Health Commun. 2013;18.

8. Kreuter M, Wray R. Tailored and targeted health communica-
tion: strategies for enhancing information relevance. Am J Health
Behav, 2003;27.


https://doi.org/10.1007/s12529-022-10107-4
http://creativecommons.org/licenses/by/4.0/

International Journal of Behavioral Medicine (2023) 30:320-333

333

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

Petty R, Cacioppo J. The effects of involvement on the responses
to argument quantity and quality: central and peripheral routes to
persuasion. J Pers Soc Psychol. 1984;46:69-81.

Petty RE, Barden J, Wheeler SC. The elaboration liklihood model
of persuasion: Health promptions that yield sustainable behavioral
change., in Emerging theories in health promotion pratice and
research R.J. DiClemente, R.A. Crosby, and M.C. Kegler, Editors.
2009, Josey-Bass: San Francisco. p. 185-214.

Bandura A. Health promotion by social cognitive means. Health
Educ Behav. 2004;31(2):143-64.

Rhodes RE, McEwan D, Rebar AL. Theories of physical activity
behaviour change: a history and synthesis of approaches. Psychol
Sport Exerc. 2019;42:100-9.

Kreuter MW, Wray RJ. Tailored and targeted health communica-
tion: strategies for enhancing information relevance. Am J Health
Behav. 2003;27(1):S227-32.

Woods C-B, et al. Celebrity? Doctor? Celebrity doctor? Which
spokesperson is most effective for cancer prevention? In: Kendal
E, Diug B, editors., et al., Teaching Medicine and Medical Ethics
Using Popular Culture. Cham: Springer International Publishing;
2017. p. 71-98.

Das E, Galekh M, Vonkeman C. Is sexy better than funny? Disen-
tangling the persuasive effects of pleasure and arousal across sex
and humour appeals. Int J Advert. 2015;34(3):406-20.
Cacioppo JT, Petty RE. The need for cognition. J Pers Soc Psy-
chol. 1982;42(1):116-31.

Cacioppo JT, et al. Central and peripheral routes to persua-
sion: an individual difference perspective. J Pers Soc Psychol.
1986;51(5):1032-43.

Cacioppo J, Petty R, Morris KJ. Effects of need for cognition on
message evaluation, recall and persuasion. J Personal Socl Psy-
chol. 1983;45(4): 805-818.

Thompson EP, Chaiken S, Hazlewood JD. Need for cognition
and desire for control as moderators of extrinsic reward effects: a
person x situation approach to the study of intrinsic motivation. J
Pers Soc Psychol. 1993;64(6):987-99.

Nikoloudakis IA, et al. Can you elaborate on that? Addressing par-
ticipants’ need for cognition in computer-tailored health behavior
interventions Health Psychology Review. 2018;12(4):437-52.
Conner M, et al. Changing exercise through targeting affective or
cognitive attitudes. Psychol Health. 2011;26(2):133-49.
Bruinsma J, Crutzen R. A longitudinal study on the stability of the
need for cognition. Personality Individ Differ. 2018;127:151-61.
Cacioppo JT, et al. Dispositional differences in cognitive motiva-
tion: the life and times of individuals varying in need for cogni-
tion. Psychol Bull. 1996;119(2):197-253.

Cowan N. Evolving conceptions of memory storage, selective
attention, and their mutual constraints within the human infor-
mation-processing system. Psychol Bull. 1988;104(2):163-91.
Bartholomew LK, Parcel GS, Kok G. Intervention mapping: a
process for developing theory and evidence-based health educa-
tion programs. Heal Educ Behav. 1998;25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

Rayner K. Eye movements in reading and information processing:
20 years of research. Psychol Bull. 1998;124(3):372-422.
Moher D, et al. CONSORT 2010 explanation and elaboration:
updated guidelines for reporting parallel group randomised trials.
BMIJ. 2010;340: c869.

Grass J, Strobel A, Strobel A. Cognitive investments in academic
success: the role of need for cognition at university. Front Psychol.
2017;8:790-790.

Ajzen L. The theory of planned behavior. Organ Behav Hum Decis
Process. 1991;50:179-211.

Webb T, et al. Using the internet to promote health behavior
change: a systematic review and meta-analysis of the impact of
theoretical basis, use of behavior change techniques, and mode of
delivery on efficacy. ] Med Internet Res. 2010;12(1): e4.

Godin G. The Godin-Shephard Leisure-Time Physical Activity
Questionnaire. Health Fitness J Canada. 2011;4.

Short C. et al. Main outcomes of the move more for life trial: a ran-
domised controlled trial examining the effects of tailored-print and
targeted-print materials for promoting physical activity among post-
treatment breast cancner survivors. Psycho-Oncology, 2015;24.
Gardner B, et al. Towards parsimony in habit measurement: testing the
convergent and predictive validity of an automaticity subscale of the
Self-Report Habit Index. Int J Behav Nutr Phys Act. 2012;9(1):1-12.
Smerecnik CMR, et al. Understanding the positive effects of
graphical risk information on comprehension: measuring atten-
tion directed to written, tabular, and graphical risk information.
Risk Anal. 2010;30(9):1387-98.

Rhodes RE, Courneya KS. Investigating multiple components of
attitude, subjective norm, and perceived control: an examination
of the theory of planned behaviour in the exercise domain. Br J
Soc Psychol. 2003;42(1):129-46.

Ajzen, 1. Construction of a theory of planned behaviour question-
naire. 2006; Available from: https://people.umass.edu/~aizen/pdf/
tpb.measurement.pdf

Lin A, Gregor S, Ewing M. Developing a scale to measure the
enjoyment of Web experiences. J Interact Mark. 2008;22(4):40-57.
Jensen JD, et al. Why are tailored messages more effective? A
multiple mediation analysis of a breast cancer screening interven-
tion. J Commun. 2012;62(5):851-68.

Cho H, Boster FJ. First and Third person perceptions on anti-drug
ads among adolescents. Commun Res. 2008;35(2):169-89.
Cacioppo JT, Petty RE, Kao CF. The efficient assessment of need
for cognition. J Pers Assess. 1984;48(3):306-7.

Publisher's Note Springer Nature remains neutral with regard to
jurisdictional claims in published maps and institutional affiliations.

@ Springer


https://people.umass.edu/~aizen/pdf/tpb.measurement.pdf
https://people.umass.edu/~aizen/pdf/tpb.measurement.pdf

	Exploring the Interplay Between Message Format, Need for Cognition and Personal Relevance on Processing Messages About Physical Activity: a Two-Arm Randomized Experimental Trial
	Abstract
	Background 
	Method 
	Results 
	Conclusion 

	Introduction
	Method
	Study Design
	Setting and Participants
	Accrual and Randomization
	Experimental Conditions
	Central Route Materials
	Peripheral Route Materials


	Measures
	Participant Characteristics
	Outcomes
	Attention
	Physical Activity Determinants
	User Experience and Perceptions

	Moderators
	Need for Cognition
	Perceived Personal Relevance

	Sample Size Calculation
	Statistical Method

	Results
	Participant Flow
	Participant Characteristics
	Outcomes
	Attention
	Physical Activity Determinants
	User Experience and Perceptions


	Discussion
	Anchor 34
	Acknowledgements 
	References


