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Abstract

Public-health campaigns have to capture and hold visual attention, but little is known about
the influence of message framing and visual appeal on attention to bowel-cancer screening ad
campaigns. In a within-subjects test, 42 UK adults aged 40 to 65 viewed 54 static adverts that
varied by (i) slogan frame—anticipated regret (AR) vs. positive (P); (ii) image type—hand-
drawn, older stock, Al-generated; and (iii) identity congruence—viewer ethnicity matched vs.
unmatched to the depicted models. Remote eye-tracking measured time to first fixation
(TTFF), dwell, fixations, and revisits on a priori pre-defined regions of interest (ROIs);
analyses employed linear mixed-effects models (LMMs), generalized estimating equations
(GEEs), and median quantile regressions with cluster at the participant level. Across mod-
els, the AR slogans produced faster orienting (smaller TTFF) and more intense maintained
attention (longer dwell, more fixations and revisits) than the P slogans. Image type set
baseline attention (hand-drawn > old stock > AI) but did not significantly decrease the AR
benefit, which was equivalent for all visual styles. Identity congruence enhanced early
capture (lower TTFF), with small effects for dwell-based measures, suggesting that tailoring
benefits only the “first glance.” Anticipated-regret framing is a reliable, design-level alter-
native to improving both initial capture and sustained processing of screening messages. In
practice, the results indicate that advertisers should pair regret-based slogans with warm,
human-centred imagery; place slogans in high-salience, low-competition spaces, and, when
incorporating Al-generated imagery, reduce composition complexity and exclude uncanny
details. These findings ground regret framing as a visual-attention mechanism for public-
health campaigns in empirical fact and provide practical recommendations for testing
and production.
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1. Introduction

Bowel cancer, also known as colorectal cancer, is responsible for 10% of all cancer-
related deaths in the UK [1] (more recent data are not fully available at the time of writing)
and ranks as the fourth leading cause of cancer mortality worldwide [2]. Early detection is
vital for effective treatment and reducing mortality rates associated with this disease [3].
One widely used screening tool is the Faecal Immunochemical Test (FIT), which identifies
traces of blood in stool—a possible sign of bowel cancer [4]. Detecting the disease at an
early stage through FIT enables healthcare providers to intervene promptly, improving
patient outcomes and helping to lower overall mortality rates [4].

Systematic screening schemes are standard in a large proportion of areas worldwide
and use visual representations standardly to support take-up and encourage participa-
tion [5]. Despite all of this effort and promotion, widely varying inequalities in take-up
of such screening persist. In a number of countries, uptake completion rates for such
schemes are still 16% [5]. According to the latest available figures from NHS Bowel Cancer
Screening Programme (England, April 2023-March 2024), the uptake, or more precisely the
completion rate, for bowel cancer screening of those within the eligible age group of 60 to
74 years is 67.6%, but it is particularly uneven regionally and by socioeconomic group. For
instance, in the most deprived wards, the uptake was 55.8%, whereas in the least deprived
wards, it was 75.8% [1].

Health marketing is the planned application of marketing and communication prin-
ciples to encourage healthy behaviour, services, and interventions [6]. It entails crafting
certain messages, via media, including YouTube and Facebook [7], as well as community
mobilization in order to create awareness, change attitudes, and promote positive health
actions. Health marketing has, over time, been a key driver of altering public behaviour,
i.e., increasing vaccination rates, smoking cessation, balanced diets, and screening program
initiation [8,9]. In making health more understandable and accessible, such campaigns
have helped to bridge knowledge gaps, de-stigmatize conditions, and enable individuals
to make informed choices about their health.

Numerous studies have used eye-tracking and other neuromarketing tools to inves-
tigate the impact of health promotion campaigns on changing behaviour. For example,
breast cancer advertisements were examined by Skandali et al. [10] in a study that involved
Facial Expression Analysis software (Noldus FaceReader version 9); Champlin et al. [11]
used eye-trackers to measure the attention and the attractiveness of various adverts around
obesity, pregnancy, and others; MiloSevi¢ et al. [12] evaluated the effect of monochromatic
public health messages, particularly related to alcohol consumption and use of tobacco,
among 58 adults, using eye-trackers. Our eye-tracking study adds upon the aforementioned
research, as we investigate individual elements shown in bowel-cancer screening advertise-
ments, contrasting anticipated regret (AR) compared to positive (P) slogan framing, and to
assess whether these influences are dependent on image type. The complexity associated
with AR must also be acknowledged with some research suggesting its impact on reducing
bowel-cancer screening intentions [13].

Regret is an aversive emotion people experience when they perceive that the present
circumstances available to them could have been improved had they previously made
different choices at an earlier moment in time [14,15]. Scholars agree that regret can be
felt retrospectively, considering previous decisions—or anticipated in anticipating future
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decisions. They note that regret is a multifaceted, comparative emotion that is normally
based on self-blame. Landman [16] defines regret as a cognitively motivated reaction to
irreversible choices that generate uncertainty. Similarly, ref. [17] defines regret as hurting
awareness that one’s existing situation is not as desirable as it could otherwise have been.

At the centre of the regretful experience is counterfactual thinking—mentally cal-
culating “what could have been”, comparisons between what has transpired and what
could have transpired [18]. It normally exists as “if-then” sentences, where the “if” is a
person’s action and the “then” is a valued outcome. They not only account for making
sense of what has transpired in life, but they also determine future choice and behavioural
change [19,20]. Therefore, counterfactual thinking plays a critical role in developing goal-
directed behaviour [18], including cancer screening [2,21].

Research has revealed that regret about a future action—or inaction—can powerfully
affect decision-making. In particular, the anticipation of regret about performing some
specific action reduces one’s propensity to perform it, while anticipation of regret at failing
to act raises one’s propensity for acting. Anticipated regret, for instance, has been found
to predict healthy behaviour intentions, such as drinking alcohol within safe limits [22],
avoiding junk food [23], and engaging in physical activity [24].

Importantly, anticipated regret adds to the prediction of health intention uniquely
above the standard determinants of attitudes, perceived behavioural control, and sub-
jective norms [14,15,25,26]. Contemporary meta-analysis confirmed that interventions
aimed at increasing negative anticipated feelings such as regret have the potential to effect
large changes in health behaviour [24,26,27]. Overall, this literature points to the healthy
contribution of anticipated regret to better choice-making.

Historically, many public health campaigns have aimed to increase individuals” aware-
ness of disease risks, operating under the assumption that greater knowledge would lead to
healthier behaviour. However, research suggests that emotional responses to health-related
activities are often stronger predictors of behaviour than factual understanding of the
associated risks. In particular, people tend to perceive greater threats to their health when
they experience a decline in trust [8-10,28].

Although there has been extensive research on (i) message framing for health messages,
(ii) visual style and imagery for advertisements, and (iii) visual salience/layout, existing
research has the tendency to analyse these levers in isolation and very seldom in bowel-
cancer screening using ROI-level eye-tracking. Framing papers usually include attention or
intention, as opposed to overt attentional capture and maintenance; visual style comparison
(e.g., illustration vs. photography vs. Al) usually does not investigate interaction with the
cognitive process of the slogan; and salience/layout operations shift placement or contrast
without theory-informed framing contrast. We therefore do not have cumulative evidence
as to whether an anticipated-regret frame consistently accelerates early orienting (TTFF)
and sustained processing (dwell, fixations, revisits) to all image types, or whether identity
congruence only speeds up the “first glance” without embedding processing. Filling
this cumulative gap is essential for practice because creative decisions (copy + imagery +
placement) are made jointly; limited guidance to any one factor may lead to suboptimal
campaign design.

Against this backdrop and the integrated gap outlined above, we examine the effects
of message framing and visual design influence on attention to bowel-cancer screening
advertisements at two processing stages—early orienting vs. maintenance. Anticipated-
regret (AR) framing should increase vigilance by eliciting counterfactual thinking (“what
if I miss screening?”), perhaps speeding up early orienting to the call-to-action slogan,
while positive (P) framing should facilitate maintenance inspection via benefit-highlighting
and reassurance. We therefore examine whether AR and P frames temporally differen-
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tially direct attention dynamics—indexed by time to first fixation (TTFF), compared with
measures based on dwell time—onto the slogan area of interest (AOI). We also examine
how image category influences these effects. Visual form can modify perceptual fluency,
novelty, and credibility cues. Al images can trigger fast orienting on the basis of novelty
but cast doubt on authenticity; hand drawings can be intimate and prosocial, supporting
fixation; older stock images can convey institutional credibility but compete less for at-
tention. We manipulate Al-generated, hand-drawn, and retro stock images to assess how
the design form enhances or reduces framing effects on both initial (TTFF) and sustained
(dwell, number of fixations, revisits) attention. Lastly, we treat identity congruence—the fit
between viewer-perceived ethnicity and the ethnicity depicted in the ad—our boundary
condition. Identity match should enhance perceived self-relevance and trust, two attention
and compliance drivers. If framing with AR is stronger when self-relevance is high, identity
congruence could enhance initial capture and increase duration with the slogan; mismatch
could hinder or even reverse them. In general, our interest binds theory of anticipated
regret and counterfactuals to empirical, testable attention machinery in actual advertising
copy, with an expectation that visual design and social identity content could affect the
machinery systematically.

Our main goal is to measure how audiences distribute visual attention between the
slogan and other ad components in bowel-cancer screening ads as a function of slogan
frame (positive vs. anticipated-regret) and image type (hand-drawn, Al-generated, older
stock photo). Early orienting is conceived as TTFF to the slogan AOI, whereas sustained
interest is indexed as total dwell time, number of fixations, and number of revisits to
the slogan AQI, as compared with non-slogan AOIs (e.g., person/scene, logos, symbols).
Another goal is to explore moderation by (a) image type—whether framing effects vary in
dependence on Al-generated compared to hand-drawn compared to stock photos—and
(b) congruence in identity—whether the ethnicity congruence of viewers’” and audiences’
increases or decreases framing effects on first and sustained attention. Exploratorily, we
investigate whether effects generalize over ad layouts and whether image-type differences
reflect novelty (fast orienting) rather than credibility (extended looking). Collectively, these
goals yield an evidence-based explanation of the translation of creative decision-making
in message framing and imagery into measurable attention profiles that are theoretically
associated with screening intentions. Thus, the following hypotheses were formulated:

e Hi (early attention): AR slogans will yield faster time to first fixation (TTFF) on the
slogan AOI compared to P slogans.

e H2 (sustained attention): AR slogans will receive greater total dwell time on the slogan
AOI compared to P slogans.

e  HB3 (image-type moderation): Attention to slogans (TTFF, dwell time, fixation count,
revisits) will differ by image type (Al vs. hand-drawn vs. older stock).

2. Materials and Methods
2.1. Equipment and Software

Participants initially filled in the QuestionPro items to the comprehension check. After
successful completion, they were instructed to RealEyes study to look at and rate pictures
whilst eye-gaze was monitored. RealEyes participation URLs were set to capture Prolific
IDs as external participant IDs to allow deterministic data linkage. Participants were asked
to work using Google Chrome, keep steady well-lit webcam settings, not rush calibration,
and have laptops charged. Participants who failed in calibration were asked to follow a
screen-out link and then asked to retake the survey. Participants were then directed, after
eye-tracking session, to another QuestionPro survey, where they were asked to respond
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to the behavioural-intention questions. The eye-tracking experiment lasted 15-20 min
on average.

2.2. Participants and Sampling

The last sample was N = 42 adults aged 4065 years, who were recruited in the UK
from an online research panel (Prolific) with pre-screeners for age and UK residency. We
used convenience sampling, as this is the age group that the National Health Service
(NHS) in the UK sends bowel-cancer screening invitations to. We quota-sampled two
ethnicity groups (White and Southeast Asian) with matched targets. Normal or corrected-
to-normal vision and working laptop /desktop with webcam were required for eligibility.
Exclusion criteria included self-reported eye disease or recent eye surgery, not being able
to calibrate, and high track loss. RealEyes session IDs were deterministically matched
with Prolific participant IDs for ensuring integrity of data. Age, gender, ethnicity, and
education were measured and pseudonymous IDs P001-P042 were allocated. This is an
experimental, within subjects, quota purposive sample rather than a population-prevalence
estimation one. Demographics were noted and served as covariates (where appropriate) to
facilitate assessment of external validity. Electronic informed consent was obtained from
all participants prior to any task and only remained active after a click on “I Agree.” The
research was compliant with the Declaration of Helsinki and met Liverpool John Moores
University’s ethical standards (23 /PSY/060; 7 August 2023).

2.3. Experimental Design, Procedure and Stimuli

In total, 54 static advertisements crossed image type (Al-created; hand drawing [HDJ;
older stock/archival [OLD]) x image population (White [W]; Southeast Asian [SA]) x
slogan framing (anticipated regret [AR] vs. positive [P]) with multiple exemplars within
each cell (total = 54). The slogans were in English. The mages were displayed for 5 s,
followed by a 5 s grey inter-stimulus interval (ISI). Areas of interest (AOIs) were defined to
facilitate slogan-focused and people-focused analyses: SLOGAN_AR, SLOGAN_P, PEOPLE
(faces/persons; the fine-grained terms “older white couple” or “middle-aged woman” were
preserved), and OBJECTS (keys, remote). AOIs were defined as rectangles in RealEyes at
native resolution, 1920 x 1080 px; code mappings and per-image AOI coordinates (px)
were archived [29]. Low-level features and stimulus control were managed. All the ads
were rendered on a 1920 x 1080 canvas with two fixed layout templates, counterbalanced
and utilised across lists in an equal manner. Slogans were lexically fixed and specified with
a fixed font family /weight/size and high figure—ground contrast; their location was at
the mercy of the template constraints. Aside from controlled variables (framing, image
type, identity), we did not experimentally balance low-level image features (e.g., texture,
luminance/contrast, and visual complexity/clutter) across Al, hand-drawn, and older stock
types. They were defined as an inherent part of image type and as a limitation. Confounding
was reduced through the within-subjects design (all conditions were presented to all
participants), counterbalancing, and checks for robustness (winsorisation /log-transform
options, alternative specifications) brought in Section 3.

We employed a within-subjects design, with the 54 pictures shown to all participants.
Participants were randomly allocated to six counterbalanced lists (Latin-square across type
x population X slogan blocks) and order randomized within list [30]. Instructions were
to look freely: “Please look at each picture naturally, as you would an advertisement.”
No secondary task was provided. Nine-point calibration with acceptance validation of
<0.6° mean and <1.0°maximum error was used; re-calibration was performed when
drift was >1.0° or about every 12 trials. A trial began with a 500 ms fixation cross (drift
check), 5000 ms stimulus presentation, and a 5000 ms grey ISI [31]. “Mean (average) error”
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and “max error” are used to provide the RealEyes nine-point validation summary: the
mean angular deviation (degrees of visual angle) over the nine validation targets, and
the single-point max deviation, respectively. “Drift” is the mean angular offset over the
500 ms pre-stimulus fixation-cross period between target fixation point (screen centre) and
estimated gaze. Recalibration was initiated whenever validation deviated above thresholds
(mean > 0.6° or max > 1.0°) or whenever drift checks deviated more than 1.0°; we also
programmed preventive recalibrations every ~12 trials to avoid cumulative drift throughout
the session.

From each trial’s area of interest (AOI), we obtained the following: AOI_FixationCount
(fixations with centroid in AOI), AOI_FixationDuration (ms; total duration within AOI),
AOI_TTFF (ms; image onset to first fixation in AOI), and AOI_RevisitCount (number of
unique revisits after first exit). For no AOI fixation during exposure, TTFF was coded as
censored for survival-type analyses, and NA for descriptive summaries. Fixations were
detected by identification-by-velocity (I-VT) based on a 30° /s velocity criterion, minimum
fixation time > 60 ms, and adjacency of fixations combined with <75 ms and <0.5° between
them. AOI visits necessitated >100 ms dwell within the AOI; fixations <100 ms accounted
for fixation counts but not revisit/visit requirements [29,30].

2.4. Data Pre-Processing

A priori quality requirements on data were defined prior to inspection of study
results. Track loss was the percentage of samples per trial for which no valid gaze could be
estimated (blinks, off-screen looking, missing frames). Trials > 40% track loss were excluded,
and participants with >25% total track loss (across presented trials) were excluded from
analysis [30,31].

Short gaps (<100 ms) due to blinks were not interpolated to prevent inflation of
fixation dwell; longer gaps were left missing [32,33]. Fixations were already detected
at source using I-VT (30°/s threshold, minimum fixation duration > 60 ms, merge if
<75 ms and <0.5°), so pre-processing kept these events and eliminated remaining micro
saccade-like events with a duration under 60 ms. For every trial we estimated frame-level
drift (between fixation cross and measured gaze over the 500 ms pre-stimulus interval)
and flagged trials greater than 1.0° for re-calibration [34]; drift estimates were saved as
covariates for sensitivity analyses.

To constrain excessive leverage by outlier observations, we winsorised at the 99th
percentile for every metric X AOI type (i.e., TTFF-SLOGAN, dwell-PEOPLE). This retains
rank order but constrains the upper tail in a metric-specific way [32]. As duration-based
measures (e.g., dwell time) were heavily tailed and positively skewed, we log-transformed
such outcomes for analysis; estimates are presented on the transformed scale and, where
possible, back-transformed (with geometric means and 95% Cls) for interpretability. Count
outcomes (number of fixations and revisits) were retained on the natural scale and were
monitored for over-dispersion in model diagnostics [30,35].

3. Data Analysis and Results

We structure the results according to attention phase and hypothesis. We first test
H1 (early orienting) with time to first fixation (TTFF) on the slogan AOI [36]. Second,
we test H2 (sustained engagement) with dwell time on the slogan AQO], fixation number
and revisit number being further measures of persistence [37,38]. For H3, we examine
ImageType (HD, OLD, Al) both as a main effect and as a framing effect moderator [39,40];
for the boundary condition, we examine IdentityMatch (match vs. non-match) on the
same measures. For cross-test analysis, we examine ImageType (HD, OLD, Al) main
effects and moderation controlling for IdentityMatch (match vs. non-match) as a boundary
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condition. All the models were adjusted for ImagePopulation (W vs. SA), age (centred),
gender, and education, and participant-level clustering or random effects were applied as
needed [41,42].

We used complementary estimators to align with outcome distributions and to test
robustness rather than to duplicate findings: the base models employed a linear mixed-
effects model (REML) on log-TTFF (with random slopes and intercepts by participant),
Gamma GEE with a log link to dwell time, a Poisson GEE to number of fixations (switch-
ing over to negative binomial where over-dispersion was identified), and negative bi-
nomial GEE to number of revisits. Median (t = 0.50) quantile regressions with cluster-
bootstrap Cls offer distribution-robust central tendency estimation. Convergent inferences
between model families maximize confidence that results are not artefacts of an initial mod-
elling decision. Robustness analyses comprise random-slope LMM alternatives, median
(T =0.50) quantile regression with cluster-bootstrap Cls, and sensitivity to winsorisation /log-
transform alternatives and TTFF censor rules [43-45]. We present effects as time ratios
(TRs) for TTFF, mean ratios (RM) for the Gamma models, and incidence rate ratios (IRRs)
for the count models; models are linear mixed-effects models (LMMs) and generalized
estimating equations (GEEs). Model assumptions and diagnostics were verified as below:
residual scale-location plots and QQ-plots (normality / heteroscedasticity) and convergence
comments for LMMs; deviance/Pearson residuals and appropriateness of the log link for
Gamma GEEs; over-dispersion tests (Pearson x2/df) with negative binomial substitution
where necessary, and working-correlation testing (QIC) with stability tests for count GEEs.
Figures show estimated marginal means and effect sizes with 95% Cls; tables show model
coefficients and ratios (TR for TTFF; RM/IRR for dwell/counts). Model diagnostics (con-
vergence notes, residual/over-dispersion tests, and working-correlation fit) are included
with each result as appropriate.

3.1. H1—Early Attention (TTFF to Slogan AOI)

We fit a linear mixed-effects model (REML) of log-TTFF (ms) with fixed effects of
SloganType (AR vs. P), ImageType (HD, OLD, AlI), IdentityMatch (match vs. non-match),
and interactions SloganType x ImageType and SloganType x IdentityMatch; covariates
were ImagePopulation (W vs. SA), age (centred), gender, and education. Random effects
were a by-participant intercept and a random slope for SloganType. Optimizer warnings
suggested non-convergence, so fixed-effect estimates must be interpreted with caution,
even though patterns were consistent with marginal means (Table 1).

Table 1. Significant fixed effects on TTFF (MixedLM on log-TTFF).

Effect b SE z P TR = exp(b) 95% CI for TR
Pvs. AR 0.342 0.014 23.998 <0.001 1.41 [1.37,1.45]
OLD vs. HD 0.141 0.013 11.066 <0.001 1.15 [1.12,1.18]
Al vs. HD 0.239 0.013 18.760 <0.001 1.27 [1.24,1.30]

Notes. C(ImagePopulation)[T.SA] trended faster (p = 0.051). SloganType x ImageType ns (p > 0.076). Effects
shown as log-scale coefficients and time ratios [TR = exp(b)] with 95% Cls; intercept omitted.

Compared to AR, P slogans evoked slower TTFF to the slogan AOI, b = 0.342,
SE = 0.014, z = 23.998, p < 0.001, time ratio (TR) = 1.41 [1.37, 1.45]. Relative to HD,
OLD photos slowed TTFF (b = 0.141, SE = 0.013, z = 11.066, p < 0.001, TR = 1.15 [1.12,
1.18]) and AI photos slowed TTFF even more (b = 0.239, SE = 0.013, z = 18.760, p < 0.001,
TR = 1.27 [1.24, 1.30]). Identity match predicted quicker TTFF (b = —0.147, SE = 0.011,
z = —13.330, p < 0.001, TR = 0.86 [0.85, 0.88]). The interaction SloganType x ImageType
was not significant (OLD: p = 0.602; Al: p = 0.076). Baseline (AR, HD, W, non-match,
Age_c = 0) was exp(6.350) ~ 572 ms.
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Support was found for H1: AR > P in early orienting (shorter TTFF). Large main effects
of ImageType (HD < OLD < Al) were also found, and identity match helped orienting.

Specification: log_TTFF ~ C(SloganType) x C(ImageType) + C(SloganType) x Identi-
tyMatch + C(ImagePopulation) + Age_c + C(Gender) + C(Education) + (1 + C(SloganType)
| ParticipantID).

All except the bottom line slope upward (HD < OLD < Al), and the mean increases
from ~760—~870—~940 ms, showing slower orienting to older and Al pictures. Small
crossing and overall parallel lines indicate similar image-type effects across all groups, as
might be expected from the significant ImageType main effects and the non-significant
Slogan x ImageType interaction of the TTFF LMM. This trend confirms H3 (image-type
differences) and the ECDF in Figure 1 (AR faster than P overall).

TTFF over ImageType — P (participant lines + mean)

—-@= Mean
1000 -

950 4

900 4

850 A

TTFF (ms)

800 A

700 A

HD oLp A
ImageType
Figure 1. Geometric mean time to first fixation (TTFF, ms) to the area of interest (AOI) of a slogan as a
function of image type under positive (P) slogans. Thin black line shows one participant’s geometric
mean TTFF (milliseconds) to the slogan AOI for hand-drawn (HD), older stock/archival (OLD), and
Al-generated (Al) images; the bold black line represents the absolute across-participant mean. Lower
values reflect quicker absolute orienting.

The participant traces in both panels move in the direction HD — OLD — Al, pro-
gressively slower orienting with stock and Al images; this replicates the large ImageType
main effects (HD < OLD < Al). Maybe most notably, the AR panel (Figure 2) is lower than
the P panel (Figure 1) for all image types, as would be expected for a ~30—40% AR benefit
(TR ~ 1/1.41) and for additivity over moderation. The approximately parallel slopes
between panels indicate the non-significant Slogan x ImageType interaction: image type
moves the baseline (vertical positioning of the lines), but AR yields a relatively stable gain
on HD, OLD, and Al Within condition, thin participant lines converge near the bold mean
with similar ordering (HD is fastest; Al is slowest) and demonstrate that the group pattern
is not the result of the inclusion of a small number of participating subjects. Together, the
plots constitute a graphical test of H1 (AR < P in TTFF) and H3 (HD < OLD < Al), and
account for why the interaction fell short of significance: the effects are additive rather
than multiplicative.
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Figure 2. Geometric mean time to first fixation (TTFF, ms) to the slogan area of interest (AOI) for
various image types under anticipated-regret (AR) slogans. As in Figure 1, thin lines indicate single
participants and the thick line the across-participant mean for HD, OLD, and Al images. Lower TTFF
(ms) indicates quicker orienting to the slogan.

In Figure 2, lines also slope upward (HD < OLD < Al) but with smaller mean over-
all (~545—~630—~690 ms) than the P panel, in line with quicker orienting under AR
(supports H1), and with the same ordering of image types (supports H3). Visual compara-
bility of the slopes between panels A and B supports the non-existence of moderation of
slogan x ImageType within the LMM and quantile-regression tests.

The TTFF slopes in Figures 1 and 2 exhibit approximately parallel HD—OLD—AI
slopes for P and AR, which indicate an additive structure: image type alters the baseline
latency, and AR provides a relatively stable benefit. This trend is then in line with (i) an
early, slogan-level orienting mechanism operating prior to image-style variation having
much impact; and (ii) restricted statistical power for the detection of cross-level interactions
in within-subject latency data, where random-slope variance raids some of the cross-
product signal. Small nonparallelities (e.g., p = 0.076 for weak Al term) are in line with this
position—directionally but below typical significance thresholds after participant hetero-
geneity is controlled.

3.2. H2—Sustained Attention (Dwell on Slogan AOI)

We fita Gamma GEE with log link (exchangeable working correlation; robust/clustered
SEs by participant, on dwell time (ms) on slogan AQI for SloganType x ImageType, covari-
ates being ImagePopulation, age (centred), gender, and education (Table 2).

Table 2. Significant effects on dwell (Gamma GEE, log link; robust SEs).

Effect b SE z p RM 95% CI (RM)
Pvs. AR —0.256 0.007 —35.106 <0.001 0.77 [0.76, 0.79]
OLD vs. HD —0.092 0.006 —15.883 <0.001 0.91 [0.90, 0.92]
Alvs. HD —0.209 0.008 —27.677 <0.001 0.81 [0.80, 0.82]
P x Al 0.025 0.009 2.824 0.005 1.03 [1.01, 1.04]

Notes. Effects shown as log coefficients and ratio of means (RM) with 95% ClIs. (Intercept omitted).
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Relative to those for AR slogans, P slogans attracted less focus on the slogan AOI,
b =—0.256, SE = 0.007, z = —35.11, p < 0.001, with a ratio of means (RM) of 0.77 [0.76, 0.79].
Compared with hand-drawn (HD) images, OLD images elicited smaller attention,
b = —0.092, SE = 0.006, z = —15.88, p < 0.001, RM = 0.91 [0.90, 0.92], and Al images
elicited significantly lower attention, b = —0.209, SE = 0.008, z = —27.68, p < 0.001,
RM = 0.81 [0.80, 0.82].

There was a negligible Slogan x ImageType interaction for Al images, b = 0.025,
SE =0.009, z = 2.82, p = 0.005, RM = 1.03 [1.01, 1.04]: the AR benefit (AR > P) in dwell
was roughly 2-3% lower for Al compared to HD images (AR vs. P RM in HD ~ 0.77; in
Al =~ 0.79). The slogan x ImageType interaction for OLD images was nonsignificant,
p = 0.984. ImagePopulation (SA), gender, education, and age were not significant predictors
(all p > 0.05). The baseline estimated dwell (AR, HD, W, non-match, Age_c = 0) was
exp(6.894) ~ 986 ms [975-998].

The results confirm H2 (AR > P under dwell). Dwell in H3 is ImageType-dependent
(HD > OLD > Al), and the AR-P difference is slightly smaller for Al images, showing modest
moderation by image type. Specification: Dwell_ms ~ C(SloganType) x C(ImageType) +
C(SloganType) x C(ImagePopulation) + Age_c + C(Gender) + C(education).

Dwell indicates a small but consistent decline in the AR benefit to Al images
(P x AI RM =~ 1.03), while OLD is the same as HD. This is a mirror that image style
influences preservation rather than capture: Al imagery exacts light disfluency that
cuts—but does not eliminate—the AR benefit. This moderate magnitude of this moderation
(~2-3%) is in line with an additive main effect of framing involving a mild maintenance-
stage penalty to Al, and not complete reversal. Combined with the TTFF findings, it
accounts for the mixed interaction pattern: AR functions mostly as a framing prior (addi-
tive over styles), with image category contributing stage-different baseline shifts and with
only modest interaction under prolonged viewing.

All the AR vs. P comparisons are less than 1, validating H2 (AR > P residence) for all
types of images and displaying little moderation by ImageType in this case (as with the
nonsignificant slogan x ImageType terms). These plots supplements the GEE table (effects
on a log scale) and the EMM line graphs by providing effect sizes with uncertainty in one
view (Figures 3 and 4).

Forest: Dwell (Ratio of Means)

AR vs P | ImageType=Al 1 *
1
|
|
|
|
|

AR vs P | ImageType=HD { ¢
|
]
|
|
]
|
AR vs P | ImageType=OLD 1 ¢
|
|
|
|
|
|
Match vs Non | Slogan=AR - : ——
|
1
|
|
]
|
Match vs Non | Slogan=Pq 1 ——
!
10° 1.05x10° 1.1x10° 1..15x10° 1.2 x10°

RM (95% CI)

Figure 3. Forest plot of ratios of means of dwell-time (RM) vs. slogan area of interest (AOI) by
SloganType (AR vs. P) and IdentityMatch (match vs. non-match). Points are RM estimates from a log
link Gamma GEE model; horizontal bars are 95% confidence intervals. Values < 1 show lower dwell
under P compared to AR; IdentityMatch rows > 1 show higher dwell when viewer and represented
ethnicity match. Dwell time is in milliseconds.
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Figure 4. Kernel-density (“violin”) plots of dwell time (ms) on the slogan AOI by SloganType.

Distributions (averaged within image types and image populations

at the participant-cell level) are

shifted toward longer dwell under AR compared to P. Central markers are medians; widths are kernel

density. Units: milliseconds.

3.3. Supplementary Attention Metrics (Fixation Count and Revisit Count)
3.3.1. Fixation Count on Slogan AOIs (Exploratory Support to H2/H3)

We model a Poisson GEE with log link and exchangeable
robust SEs; 42 participants) of the number of fixations on the
SloganType x ImageType and SloganType with ImagePopul

working correlation (cluster-
slogan AOI predicted from
ation, age (centred), gender,

and education as covariates. Dispersion diagnostics corroborated the Poisson specifica-

tion (Table 3).

Table 3. Significant effects on fixation count (Poisson GEE, log link; robust SEs).

Effect b SE z P IRR = exp(b) 95% CI (IRR)
Pvs. AR —0.4695 0.027 —17.104 <0.001 0.63 [0.59, 0.66]
OLD vs. HD —0.1123 0.017 —6.663 <0.001 0.89 [0.87,0.92]
Al vs. HD —0.1930 0.017 —11.163 <0.001 0.83 [0.80, 0.85]
Agec_c (per year) —0.0018 0.0009 -1.977 0.048 0.998 [0.996, 1.000]

Notes. ImagePopulation (SA, IND), gender, education, and slogan x ImageType terms were not significant

(all p > 0.09).

Relative to the anticipated-regret (AR) slogans, the positive (P) slogans led to fewer
fixations on the slogan AOL b = —0.469, SE = 0.027, z = —17.10, p < 0.001, with an incidence
rate ratio (IRR) of 0.63 [0.59, 0.66]. For images, the OLD images received fewer fixations
than hand-drawn (HD) images, b = —0.112, SE = 0.017, z = —6.66, p < 0.001, IRR = 0.89

[0.87, 0.92], whereas the Al images also received fewer fixati

ons, b =—0.193, SE = 0.017,

z=—11.16, p <0.001, IRR = 0.83 [0.80, 0.85]. Slogan x ImageType interactions were reliable
(all p > 0.148), suggesting no moderation of the AR-P difference in fixation counts that was
consistent across image type. There was also a small negative effect of age, b = —0.0018,
SE =0.0009, z = —1.98, p = 0.048, IRR ~ 0.998 [0.996, 1.000] per year (centred), indicating a

small decrease with age.

The modelled baseline fixation rate (AR, HD, W, non-match, Age_c = 0, reference

gender/education) was exp(2.286) ~ 9.83 fixations.
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The results are consistent with more slogan attention under AR (increased fixations),
support H3 (identity match raises fixations to the slogan), and feature main-effect differ-
ences by ImageType (HD > OLD > Al) in line with H3; we found no Slogan x ImageType
moderation of fixation counts here.

3.3.2. Revisit Count on Slogan AOIs (Exploratory Persistence Metric)

We applied a negative-binomial GEE with log link and exchangeable working corre-
lation (robust/clustered SEs; 42 participants) to forecast revisit frequencies to the slogan
AOI on SloganType x ImageType, controlling for ImagePopulation, age (centred), gender,
and education as covariates. The data had a 12.0% zero rate and minimal over-dispersion
(¢ & 0.001, method-of-moments) (Table 4).

Table 4. Significant effects on RevisitCount (NegBin GEE, log link; robust SEs).

Effect b SE z p IRR = exp(b) 95% CI (IRR)
Pvs. AR —0.3183 0.069 —4.613 <0.001 0.73 [0.64, 0.83]
Alvs. HD —0.1522 0.061 —2.512 0.012 0.86 [0.76,0.97]
Gender (M vs. ref) —0.0943 0.042 —2.224 0.026 091 [0.84, 0.99]

Notes. OLD vs. HD ns; slogan x ImageType ns (OLD p = 0.061, Al p = 0.148); ImagePopulation (SA) and age ns.

Relative to anticipated regret (AR), positive (P) messages resulted in decreased revisits,
b= —0.318, SE = 0.069, z = —4.61, p < 0.001, IRR = 0.73 [0.64, 0.83] (Table 4). Al pictures
resulted in decreased revisits than hand-drawn (HD) pictures, b = —0.152, SE = 0.061,
z = —2.51, p = 0.012, IRR = 0.86 [0.76, 0.97]; but OLD vs. HD was not significant,
p = 0.650. Gender (M vs. reference) was weakly negatively affecting, b = —0.094, SE = 0.042,
z=—222,p=0.026, IRR = 0.91 [0.84, 0.99]. Slogan x ImageType interactions did not come
close to achieving significance (OLD: p = 0.061; Al p = 0.148), indicating there was no stable
moderation of the AR-P difference on revisits by image type or match. ImagePopulation
(SA) and Age were not significant. The reference predicted rate of returning (AR, HD, W,
non-match, Agec = 0, reference Gender/Education) was exp(0.941) ~ 2.56 returns (per
collapsed condition cell).

3.4. Robustness and Complementary Analyses
3.4.1. TTFF: 3-Way Interaction with Random Slopes for ImageType

A linear mixed model of log-transformed TTFF (ms) on SloganType x ImageType
with covariates (ImagePopulation, age, gender, education) and by-participant random
intercepts and random slopes on SloganType and ImageType, was fit to 756 observations
from 42 participants (18 per participant). The optimizer indicated non-convergence, so
fixed-effect estimates must be taken cautiously, though patterns are consistent with the
reduced model (Table 5).

Table 5. Significant fixed effects on TTFF (mixed LMM on log-TTFF).

Effect b SE z r TR = exp(b) 95% CI (TR)
Pvs. AR 0.343 0.016 21.73 <0.001 1.41 [1.37,1.45]
OLD vs. HD 0.151 0.016 9.48 <0.001 1.16 [1.13,1.20]
Alvs. HD 0.254 0.016 16.19 <0.001 1.29 [1.25,1.33]

Notes. Slogan x ImageType (OLD, Al) was ns. ImagePopulation (SA) trended (p = 0.051); all other covariates ns.

In comparison to the anticipated-regret (AR) slogans, the positive (P) slogans showed
slower TTFF to the slogan AOI, b = 0.343, SE = 0.016, z = 21.73, p < 0.001, with a time ratio
(TR) of 1.41 [1.37, 1.45] (Table 5). In comparison to hand-drawn (HD) images, the OLD
images had longer TTFF, b = 0.151, SE = 0.016, z = 9.48, p < 0.001, TR = 1.16 [1.13, 1.20],
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and the Al images had even longer TTFFE, b = 0.254, SE = 0.016, z = 16.19, p < 0.001,
TR = 1.29 [1.25, 1.33]. SloganType by ImageType (OLD, Al) interactions were insignificant
(all p > 0.12), and no stable moderation of the AR-P difference in TTFF was yielded by
image type or identity match in this model. ImagePopulation = SA trend for quicker
TTFF was near significance but not significant (p = 0.051). The estimated baseline model
geometric mean TTFF for AR, HD, W, non-match, and Agec = 0 was exp(6.342)~568 ms.
Overall, the findings affirm H1 (AR is quicker than P).

3.4.2. Median Quantile Regression (1 = 0.50) with Cluster Bootstrap ClIs for TTFF (log) and
Dwell (log)

A median quantile regression on log(TTFF), with cluster-bootstrapped 95% Cls by
participant, indicated that the positive (P) slogans led to slower first fixation to the slogan
AOI than the anticipated-regret (AR) slogans, b = 0.347, 95% CI[0.311, 0.382], corresponding
to a time ratio TR = exp(b) = 1.42 [1.36, 1.46]. Compared to the hand-drawn (HD) images,
OLD increased median TTFF, b = 0.144, TR = 1.16 [1.11, 1.20], and Al increased it further,
b =0.242, TR = 1.27 [1.23, 1.31]. Slogan x ImageType terms were not significant at the
median. These results support H1 (AR faster than P) and reveal image-type differences in
line with H3 (HD < OLD < Al).

A median quantile regression on log(Dwell) with cluster-bootstrapped CIs showed
that P slogans resulted in lower dwell on the slogan AOI compared to AR, b = —0.255,
RM = exp(b) = 0.78 [0.76, 0.79] (Table 6). Compared with HD, both OLD and Al reduced
dwell: OLD, b = —0.083, RM = 0.92 [0.90, 0.93]; AI, b = —0.206, RM = 0.81 [0.80, 0.83]. A
small Slogan x ImageType (Al) interaction was observed, b = 0.031, RM = 1.03 [1.01, 1.05]
(Table 6), indicating the AR advantage is slightly attenuated for Al relative to HD at the
median; the OLD interaction was not significant. These results support H2 (AR > P in
dwell), and they show robust image-type differences (HD > OLD > Al) consistent with H4,
with only limited moderation by ImageType.

Table 6. Minimal supplementary table (ratios: TR for TTFF; RM for dwell).

Endpoint Effect b (Log Scale) 95% Boot CI Ratio (Exp b) 95% CI (Ratio)
TTFF (median) Pvs. AR 0.347 [0.311, 0.382] 1.42 [1.36, 1.46]
TTFF (median) OLD vs. HD 0.144 [0.107, 0.180] 1.16 [1.11,1.20]
TTFF (median) Al vs. HD 0.242 [0.203, 0.270] 1.27 [1.23,1.31]
Dwell (median) Pvs. AR —0.255 [-0.271, —0.241] 0.775 [0.762, 0.786]
Dwell (median) OLD vs. HD —0.083 [-0.105, —0.072] 0.92 [0.90, 0.93]
Dwell (median) Alvs. HD —0.206 [-0.226, —0.191] 0.81 [0.80, 0.83]
Dwell (median) P x Al 0.031 [0.010, 0.053] 1.03 [1.01, 1.05]

Note. Median (t = 0.50) quantile regressions with cluster-bootstrapped 95% Cis, participant by participant. b is log
coefficient; ratios back-transformed as TR = exp(b) for TTFF and RM = exp(b) for dwell. TTFF units = milliseconds;
dwell units = milliseconds. Contrasts: P vs. AR (reference = AR); image-type contrasts relative to HD.

4. Discussion
4.1. Aims and Principal Findings

The current research aimed to investigate the impact of appeal framing and visual
design elements on attention to bowel-cancer screening advertisements. That is, we tested
whether anticipated-regret (AR) slogans created more attentional interest compared to
positive (P) slogans, and whether image type (i.e., hand-drawn, older stock photo, Al)
moderated these effects. In a variety of eye-tracking measures (time to first fixation (TTFF),
dwell time, fixation frequency, and revisit counts) the research discovered that AR slogans
were fixated more rapidly and with stronger persistence than P slogans, and image type
had an effect on global level of attention but not in a systematic fashion to moderate the
AR-P contrast.
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Surprisingly, the benefit of AR framings was apparent in all the measurements. Partic-
ipants were primed to AR slogans much more quickly, with TTFF being about 29% shorter
than for positive slogans (i.e., TR = 1.41), i.e., viewers were faster to find and direct attention
to regret-based information [46,47]. When attended, participants took much more time
to view AR slogans, with P slogans taking about 23% less dwell time (i.e., RM = 0.77).
Fixation analyses also supported this trend, AR slogans attracting some 37% more fixations
(IRR = 0.63 for P vs. AR), and exhibiting more fastidious examination of the slogans” words.
Additionally, analyses showed another benefit, with viewers returning to AR slogans some
27% more than to P slogans (IRR = 0.73), proving that regret-based messages engaged,
but also re-engaged following disengagement. Lastly, TTFF analyses indicated another
identity-match effect [48]. That is, participants looked more rapidly when the represented
audience was ethnically comparable to their own (TR = 0.86), indexing the extra rewards of
cultural tailoring [49].

4.2. Mechanism: Anticipated Regret as an Attentional Prior

The uniformity of such effects across TTFF, dwell time, fixation frequency, and re-
visits indicates that regret appeals not only are more salient but are also processed in a
manner so as to maintain and re-activate cognitive resources over time [10]. For instance,
Gong et al. [49] showed that while rational appeals handle individual relevance in an
attempt to manage cognitive load, emotional appeals (i.e., regret-based appeals) are better
at maintaining attention where individual relevance would otherwise be low. Eye-tracking
experiments corroborate this distinction as well. For example, ref. [28] found that gain-
framed messages elicited more dwell time than loss-framed messages but warned that
longer visual attention does not necessarily indicate higher cognitive elaboration. These
preferences can be accounted for more precisely in the context of regret theory [15,17,20],
which posits that people are driven to pre-experience and pre-avoid future negative affect.

In health situations, regret anticipation is an extremely powerful motivator because it
puts the spotlight on the unwanted outcomes of doing nothing compared to possible gains
from cooperation. Experiments prove that this works. Indeed, a meta-analysis of 81 studies
found that anticipated regret was highly correlated with both health intentions and actual
health behaviour, and with expected inaction regret being a strong and stable predictor of
behaviour in a variety of health contexts [24,50].

Notably, the impact of anticipated regret cannot be boiled down to prevailing moti-
vational constructs. For example, in exercise behaviour, Abraham et al. [24] showed that
anticipated regret accounted for a further 5% of variance in intentions over and above the
established predictors of the Theory of Planned Behaviour and past behaviour. The current
results add to this evidence by demonstrating that the influence of anticipated regret is
not limited to intentions or self-report measures but is detectable at the very first stage
of information processing. The AR participants reacted more quickly to the AR slogans
and looked longer, indicating that regret-based messages prime attentional mechanisms
to emphasize the potentially dangerous outcomes of not taking action. This synthesis of
eye-tracking information with existing behavioural research thus fills the existing void with
regard to the dual role of regret [23,24,51]. That is, as both a motivational force of health
decision and a perceptual cue that raises the salience of essential health information. In this
manner, our research illustrates that anticipated regret not only affects what people end up
choosing but also how they perceive and process health-persuasive messages [52].

4.3. Visual Design: Processing Fluency, Disfluency, and Stage-Specific Effects

While positive slogans, which predominantly cast screening as a good thing, AR
slogans lead audiences to think counterfactually (i.e., mentally project themselves into the
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future when they regret their inaction) [8,14,20]. This counterfactual activation process
has also been observed to enhance the cognitive salience of the message, providing a clear
explanation of both the faster orienting (i.e., shorter TTFF) and more sustained engagement
(i.e., longer dwell time, more fixations, and revisits) obtained in the present study. That is,
the very mechanism hypothesized by regret theory—forewarning the emotional expense
of inaction—was reflected in our participants’ visual attention patterns. The importance
of this result is in demonstrating that regret cues are not themselves affective stimuli but
can rather act as attentional priors (i.e., in a Bayesian fashion), reweighting and reranking
the information taken in during perception [20,26]. In Bayesian terms, people come to a
stimulus with prior beliefs regarding what information is most pertinent or salient; regret
cues update these priors by raising the subjective probability that inaction will result in
an undesirable outcome [53]. For instance, when considering an advertisement for bowel
cancer screening, an AR slogan (“You may regret not booking your screening”) effectively
biases the perceptual system’s prior from neutral or benefit-based expectations to a loss-
framed mindset. This Bayesian updating of the attentional distribution is in favour of the
slogan itself, speeding up orienting (i.e., faster TTFF) and maintaining engagement (longer
dwell, increased fixations and revisits). In this manner, anticipated regret acts as a cognitive
gatekeeper [48], influencing not only how individuals feel about a message but also how
individuals’ perceptual systems first determine which aspects of that message are given
access to working memory and, in turn, to the decision-making process [47].

Although these results are interesting insofar as the cognitive process by which regret-
based framings exert their impact, our results also show that attentional engagement is
under the control of the visual form in which the message is presented [27,54]. That is,
whereas AR slogans were rewarded across all measures, baseline level of attention to
present them varied as a function of imagery type used to present them. In particular,
our findings indicated that image type was an important predictor of influencing overall
attention levels. For task, hand-drawn images consistently accelerated orienting and maxi-
mized dwelling time compared to older stock images and Al-produced images. Conversely,
Al-produced images had the lowest attentional dwelling time, where slower TTFF, shorter
dwell time, and shorter revisiting of the slogan were observed.

These are in line with processing fluency theory [5,9], in that more easily processable
stimuli lead to higher cognitive ease and therefore attract more sustained attention. In
support of this, Reber et al. [55] found that fluent stimuli bring about short positive affective
reactions, and therefore processing facilitation can affect affective state directly. However,
the relationship between fluency and sustained attention is otherwise thought to be more
complex. Research has demonstrated that those with greater sustained attention capacity
were more sensitive to small stimulus similarities during a continuous performance task
and proposed that attention could modulate best-fit perceptual template construction
rather than be an index of ease of processing. Likewise, Martin et al. [56] discovered that
sustained attention influences early visual stages of lexical categorization processing. What
this implies is that although fluency during processing is one of the contributing factors
in initial accessibility, facilitation of sustained attention is more likely to rely on general
attentional control processes operating through, but not directly from, stimulus fluency.

Hand-drawn images may be perceived as being warm and authentic, while Al-
generated images may introduce subtle perceptual disfluency [17,27,48]. We did not
capture coder inspections or participant ratings of ‘uncanny’ characteristics (e.g., realism,
face/hand irregularities), so any application of uncanny-valley processes is interpretive
and not validated for this stimulus set. The pattern found—hand-drawn < older stock < Al
in TTFF and decreased dwell/revisits for Al—is in line with fluency accounts but cannot
here be independently ascribed to ‘uncanniness’. Interestingly, these stylistic differences
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shift baseline attention but do not nullify the AR advantage: anticipated-regret framing
generates a largely additive benefit across image types.

4.4. Stage-Specific Disfluency: Stock vs. Al Imagery

Another significant finding is that the difference order between hand-drawn, stock,
and Al pictures was the same on all four eye-tracking measures (TTFF, dwell, fixation
counts, revisits), although the size of the effects varied [54,57,58]. For instance, while
OLD and Al pictures both slowed orienting (TTFF TR = 1.16 and 1.29, respectively), Al
pictures alone cut revisits in half (IRR = 0.86). This implies that disfluency in Al imagery
not only hinders initial orienting but also inhibits re-approach after attention has lapsed.
Stock imagery, on the other hand, is seen to function mostly at the point of attention entry,
hindering orientation but not inhibiting subsequent re-entries into the message. Here,
therefore, our findings indicate that different kinds of disfluency influence attentional
process at different stages.

This specificity at the stage level has its practical parallels in linguistic disfluency
research, which, in concert with visual disfluency, has been found to differentially influence
attentional deployment. For instance, Diachek et al. [59] observed that repetitions, fillers,
and pauses can aid memory by focusing attention onto as-yet-unpresented material, with
short-lived effects at sentence boundaries. Analogously, Collard et al. [60] discovered that
hesitations like “er” capture the attention of listeners, and enhanced recognition for leading
hesitated words. These results indicate that some disfluencies may enhance attentional
focus at certain points in time. The magnitude of this effect is still debated. Other research
failed to replicate disfluency advantages in advertisement word memorization and fact-
learning tasks, even with images present, indicating that disfluency’s attentional benefits
are task-specific [48,50,58]. This was further expanded by [23,49], who demonstrated that
advertisement imagery fluency impacted attitudes toward the consumer, once again indi-
cating that ease and difficulty of processing have downstream persuasion effects. On our
account, this is to say that disfluency of Al-produced imagery that has been implemented
can not only slow initial orienting, but lower the probability of attentional re-engagement,
as linguistic disfluences can selectively lower or intercept attentional distribution based on
task requirements and context (i.e., visual attractiveness does not impact in a uniform way
but works through diverse channels of attention, ultimately compelling both when and if
audiences re-prioritize cognitive resources towards health information).

4.5. Boundary Condition: Identity Congruence

The research also corroborated that viewer identity was an important factor in the
early formation of attention. More specifically, participants oriented faster to slogans when
the ethnicity of the people presented in the advert was congruent with their own. This
influence was most pronounced in TTFF, indicating that identity congruence supports early
attentional capture but not necessarily longer-term engagement. These findings are in line
with social identity theory [47], which predicts that in-group cues will render perceptual
salience and relevance more likely, especially at the very initial stage of information pro-
cessing. But as the influence did not carry over to dwell time, fixation counts, or revisits,
it seems that identity congruence may be enough to attract the eye initially but not to fix
repeated or prolonged attention to the message. For public health communication, this
implies that although culturally targeted imagery can be used to gain an initial gaze, it is
optimized when combined with motivational framings (i.e., anticipated regret) that elicit
prolonged attention to essential health information.
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4.6. Demographic Trends and Audience Segmentation

Even though subsidiary to the primary results, small demographic influences were
also observed. The older participants generated fewer total fixations, and male participants
were less likely to re-engage with slogans following disengagement. These trends indicate
that attentional re-engagement processes might differ between groups. This finding is in
line with earlier studies that have shown age-differential impacts on information processing
strategies where older adults are likely to engage in more attentional selective or heuristic-
based approaches [26,48,54]. Similarly, empirical evidence has also produced gender-based
differences in response to health appeals, whereby men have sometimes exhibited reduced
re-identifying with preventive appeals than women. While modest in effect size, these
results demonstrate the relevance of considering audience segmentation while constructing
campaigns: adjusting message frame and visual design not only to cultural identity but to
demographic indicators can improve overall impacts.

Lastly, the similarity of outcomes, including linear mixed models for TTFF, Gamma
GEEs for dwell time, Poisson and negative binomial GEEs for fixation and revisits, and
quantile regressions for median effects, supports preference for the robustness of discovered
attentional patterns, that is, systematic benefit of anticipated-regret frames and image type-
based baseline differences. For example, the fact that the AR advantage persisted in
appearing on latency-based (TTFF) and time-based (dwell, fixations, and revisits) measures,
and that the outcomes of image type were replicated across model specifications reduces
the chances of such findings being model-specification artifacts. Rather, they appear to
indicate robust attentional processes that persist across analytic approaches [12,28,54].

For theory, this consistency favours the reading that regret cues act as attentional priors
(above), causing perceptual weighting change that is quantifiable across eye movement
behaviour measures. It also implies that visual disfluency effects from stock or Al imagery
are stage-specific and insensitive to alternative modelling assumptions. For practical appli-
cation, consistency in such effects ensures that the advantages evidenced for AR framing
and the baseline effect of image type are not susceptible to methodological fineness but
rather reflect robust cognitive processes that can be depended upon in campaign construc-
tion. Therefore, our findings have not just statistical but also translational implications in
that they show anticipated regret and image style to reliably predict attention regardless of
context or analytic frame.

5. Practical Implications

Framing in terms of anticipated regret should be the default where rapid capture and
ongoing processing of vital screening messages are the goals. On an operational level,
copy can literally invoke the counterfactual (“If you don’t screen now, you'll regret it”)
and directly link it to a tangible, low-friction follow-up action (“Schedule your free test
today”). To prevent reactance, tone down to matter-of-fact from alarmist; anchor regret in
one’s control (booking); and place the call-to-action (CTA) next to the slogan to capitalize
on the noted early-orienting benefit. Where possible, include a short efficacy cue (“It takes
5 min; early detection saves lives”) to translate attention into intention without losing the
regret cue.

Visual style needs to be used as an attention multiplier. Hand-drawn, human-centric
illustrations consistently increased baseline attention and engaged people for longer periods
with slogans, whereas Al artwork impaired early orienting and reduced returns to the
message. Practically, this makes the case for ordering uncomplicated, warm illustrations
or choosing genuine stock that features real individuals and real-world settings instead
of artificial or hyper-stylized Al artwork. If Al image usage is unavoidable (i.e., budget
or turnaround limitations), reducing disfluency by simplifying composition, eschewing
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uncanny faces/hands, softening contrast, and introducing human-generated elements
(e.g., hand-lettered flourishes) can enhance perceived veracity [11,48].

Tailoring can be used to deliver the necessary “first glance”. Identity congruence
sped up TTFF but did not, in itself, extend engagement [11,48]. This would suggest that
creative content should make local audiences which match local demographics see the
slogan quickly and then use regret framing and short CTAs to maintain attention. A real-
world process is as follows: (1) localize the imagery (age, ethnicity, setting), (2) maintain
the regret-based slogan constant across versions, and (3) A/B test only the visuals in
each market to maintain message integrity without sacrificing the early-capture benefit of
congruence [31,48].

Design and layout options must function actively toward slogan legibility as the
focal AOI. Position the slogan in an upper third or middle salience area, apply high
figure—ground contrast, and maintain typographic hierarchy specific (one powerful head,
liberal spacing). Reduce distracting foci close to the slogan (busy backgrounds, second-level
icons). In accordance with standard image-type ordering (HD < OLD < Al in TTFF), delay
slower formats by making the slogan larger, further increasing contrast, and decreasing
peripheral clutter. Where appropriate, include the slogan along with a minimal directional
cue (gaze line, arrow) aimed at the CTA in lieu of sacrificing orienting.

Lastly, prioritize ethics, equity, and accessibility. Regret appeals must move but not
cause excessive worry: use them in combination with positive, encouraging wording and [8]
tangible assistance (hotline telephone number, booking link, assurances of convenience
and privacy). Use inclusive image design, alt text, high contrast colour, and legible font
sizes to ensure resources are accessible to all on every age and ability level. In selling to
underserved segments, pair identity-congruent imagery with attenuation of functional
barriers (free kits, easy booking, multilingual support); the research indicates such a pairing
is able to gain both the initial glance and the second.

6. Conclusions, Limitations, and Future Directions

On four measures of eye-tracking—TTFF, dwell time, fixations, and revisits—future-
regret (AR) messages exceeded positive (P) messages, grabbing viewers’ attention
more quickly and holding it longer. Baseline attention depended on picture type
(hand-drawn > older stock > Al), but not always the AR-P difference. Identity congruence
between watchers and on-screen viewers also sped first orienting (shorter TTFF). These
impacts survived mixed-effects, GEE, and quantile-regression analyses.

This research is not without limitations. First, although the sample population was
small (N = 42), it accords with eye-tracking norms where repeated-measures and trial-
level data provide large within-subjects data counterbalancing smaller group-level sam-
ples [12,55]. The demographic restriction to UK residents between ages of 40—-65 limits
generalizability. Cultural difference in visual attention and cross-cohort age difference in
cognitive control and sensitivity to messages will require replication with younger cohorts
and across cultures to determine the broader applicability of regret-based framing effects.
Second, the paradigm assessed only short, free-viewing presentations (5 s) [11,49]. Such
exposure durations are readily appropriate for the examination of early-stage attentional
capture and maintenance but are not applicable to subsequent stages in persuasion, such
as comprehension, recall, or behavioural uptake. Subsequent research may therefore try
to draw on hybrid paradigms that apply the use of eye-tracking to delayed recall tasks or
behavioural choice paradigms, as an attempt to more directly relate attentional measures
to decision-making products [11]. Lastly, since the comparison between AI, OLD, and HD
images was intended to reflect differences in generation process, these types necessarily
had to vary on other sensory attributes such as texture, contrast, visual clutter, and face
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salience [48]. Thus, attentional differences cannot be entirely accounted for by generation
process. Subsequent work would have to explore testing manipulations of low-level visual
features with framing manipulations and determine whether the perceptual fluency con-
tributions can be distinguished from stylistic or technological inferences. We also did not
obtain coder audits or participant ratings of ‘uncanny” attributes (e.g., realism, facial /hand
anomalies), so any link to uncanny-valley mechanisms is interpretive and should be tested
directly in future work. Similarly, extension of the set of AR wordings might be used to
determine whether the observed attentional benefits are specific to regret per se, or to more
general categories of negative-framed appeals. Future researchers should examine gen-
eralizability testing in larger, preregistered international and age-group samples. Second,
connect attention to downstream effects (recall, intentions, actual booking /kit return) with
hybrid eye-tracking and follow-up designs. Third, try to dissociate low-level visual features
(contrast, clutter, face salience) to tease apart image “generation” from fluency perception.
We did not standardize or quantify these low-level properties across image types, so resid-
ual confounding cannot be ruled out. The within-subjects design, counterbalancing, and
robustness checks mitigate, but do not eliminate, this issue; future work should compute
objective image metrics (e.g., luminance, RMS contrast, edge density, clutter) and include
them as covariates. Fourth, contrast different negative frames and AR wordings to calibrate
effect and reduce reactance. Fifth, investigate test context effects (mobile feed v. print; static
vs. brief video) and CTA placement/duration. Lastly, investigate mechanisms with causal
mediation and individual-difference moderators (trust, health anxiety, prior screening) to
optimize targeting without compromising equity.

In general, both models and media combined, anticipated-regret framing paired with
identity-congruent image consistently drew eyes to the screening slogan. Hand-drawn
human-focused images motivated close reading, whereas Al-produced rendered images
trailed behind. In varying mixes and styles, the trajectory of AR was consistent, providing
a consistent avenue for public health communications: a headline glanced at briefly, held
just long enough to matter.
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Abbreviations

The following abbreviations are used in this manuscript:

AR Anticipated regret

P Positive (message framing)

VT Identification-by-velocity (fixation filter)
AQOI Area of interest

ROI Region of Interest

TTFF Time-to-first-fixation

ISI Inter-stimulus interval

LMM  Linear mixed-effects model

REML  Restricted Maximum Likelihood

GEE Generalized Estimating Equations

TR Time ratio (for TTFF; exp(b))
RM Ratio of means (for Gamma models; exp(b))
IRR Incidence rate ratio (for count models; exp(b))

HD Hand-drawn (image type)

OLD  Older stock/archival (image type)
Al Al-generated (image type)

CTA Call-to-action
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