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Abstract

The causal chain from message exposure to reception to effects is widely accepted as the basic explanatory model for commu-
nication outcomes. Problematically, the chain’s links are often studied in isolation, leaving measurement gaps that compromise
the ecological validity and practical utility of experimental research. Here we introduce a VR-based paradigm that encompasses a
realistic message reception context, i.e., a simulated car ride on a highway flanked by billboards. We varied attentional message
factors (emotional content) as well as contextual task distractions (trash-counting). VR-integrated eye trackers were used to capture
participants’ incidental message exposure dependent on their actual gaze behavior. Consistent with our predictions, results show
that 1. exposure gates all subsequent effects; 2. distraction impacts likelihood of exposure; 3. both the manipulation of emotional
content and distraction affect retention. This comprehensive analysis of the exposure-reception-retention chain can be broadly
applied to a variety of message reception contexts that will be discussed.
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1. Introduction

Humans encounter a deluge of messages daily, but amidst
continual opportunities for exposure, many messages are com-
pletely ignored, some receive close attention, and few are re-
tained in memory (e.g., 1). For instance, consider the myriad
billboards people pass by during routine commutes. Which
ones remain in individuals’ memory? What factors contributed
to retention of one over others? Does the memorability of re-
membered messages stem from heightened states of attention of
the observer, or is it attributable to features inherent to the mes-
sage itself, like their emotional content? Or is it the synergistic
effect of both factors?

While encountering a multitude of visual messages, people
are typically free to look at or ignore the messages. Exposure
(2), the contact between the message and the recipient, depends
on selective visual attention. Media effects hinge on whether
individuals even look at a message, and those messages that
are not seen cannot have any influence. However, despite the
importance of exposure for communication, our knowledge of
exposure in real-world contexts is grossly inadequate. Even af-
ter decades of empirical communication research, we neither
have good estimates of how many messages a typical indi-
vidual encounters on a normal day, nor what fraction thereof
they attend to or ignore. Progress in screen-based analyses (3)
can offer such estimates for computer-mediated messages, but
a severe measurement gap persists for natural communication
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contexts in which messages are embedded in complex environ-
ments with competing attentional demands, and where message
exposure is incidental and depending on peoples’ idiosyncratic
behaviors. Moreover, while measuring exposure is crucial for
understanding message effects, it is also only a necessary first
step and ultimate message effects depend on further process-
ing steps related to how we engage with messages, and how
we store them in memory (4). This paper examines these fun-
damental questions for mass communication and media effects
theories, with significant practical implications for health and
political communication as well as advertising.

The paper is structured as follows. First, we introduce the
causal chain from exposure, to reception, to retention, dis-
cussing how overt attention converts exposure opportunities
(messages floating in one’s environment) into actual reception
(messages that are looked at and inspected), and how paying at-
tention to messages facilitates subsequent retention (memory).
Second, we discuss how previous research is generally compat-
ible with this model but suffers from key gaps regarding quan-
tifying exposure in a rigorous manner while striking a balance
between experimental control and realism. The current study
uses VR to create a messaging context (a drive down a highway
with billboard messages alongside), employs eye tracking to
rigorously quantify the exposure-reception nexus, and manipu-
lates both the presented billboards’ emotional content and the
drivers’ attentional resources to demonstrate the hypothesized
causal links among these theoretical variables.

1.1. Attention and the Causal Chain from Exposure, to Re-
ception, to Retention

Attention is a fundamental bridging construct between mass
communication (focusing on messages in the external informa-

.CC-BY-NC-ND 4.0 International licensemade available under a
(which was not certified by peer review) is the author/funder, who has granted bioRxiv a license to display the preprint in perpetuity. It is 

The copyright holder for this preprintthis version posted July 19, 2024. ; https://doi.org/10.1101/2024.07.19.604208doi: bioRxiv preprint 

https://doi.org/10.1101/2024.07.19.604208
http://creativecommons.org/licenses/by-nc-nd/4.0/


tion environment) and psychology (focusing on the encoding
and processing of those messages inside the neurocognitive sys-
tem; 5-7). Broadly defined, attention refers to the cognitive pro-
cess of selectively focusing on a particular aspect of informa-
tion (8, 9). However, rather than treating attention as a unitary
concept, we can distinguish various subtypes based on the set-
ting, task, or other characteristics (10).

In the context of visual information environments, such as
billboards along a highway, a first kind of attention is overt vi-
sual attention (11). Overt attention refers to the fact that one
can attend to (look at) aspects of the field of view, for instance
by fixating on a billboard while averting gaze - at least for a
moment - from the road. This kind of attention functions as a
gatekeeper for all subsequent message effects. Understood this
way, the act of attending overtly to a message links exposure
to reception (5), which is what we turn to next. However, even
when we overtly look at information, as in reading this sen-
tence, we can process it in a more focused or more superficial
manner (12, 13). Thus, even when exposure is sure, there is
a secondary kind of attentional selectivity, that is how long or
how deeply we engage with content (e.g., 14). There is evi-
dence that links this kind of attention to memory (e.g., 15, 16).

Although the literature on visual attention is vast, two gen-
eralizations can be made regarding the modulators of attention:
message characteristics and task demands. First, regarding the
message characteristics, messages that are salient or conspicu-
ous attract and sustain attention (17). Salience can be defined
narrowly via features like brightness, contrast, or sudden on-
set; these lower-level attributes also explain a large share of
eye movements and thus overt visual attention (18). However,
above and beyond lower-level attributes, higher-level attributes
like emotional content can also modulate attention. For exam-
ple, pictures of cute babies, threatening or scary images, or ex-
plicit content all tend to capture and hold visual attention (19-
21). Applying this to the driving context, highly emotional bill-
boards might attract attention more powerfully than less emo-
tional billboards, and there is evidence that drivers passing by
accident sites exhibit ‘attentional rubbernecking’ effects driven
by emotionality (e.g., 22). Extensive research on emotional
messages shows a link between emotionality, attention, and
memory (23, 24), although this is mainly demonstrated for very
strong emotional content, less so for the more delicate touches
of emotion we see in daily media messages.

Second, regarding task demands, it is well known that when
attention is focused on one task, the performance on another
task can suffer (e.g., 25, 26). For instance, when we are looking
out for something in particular, we may fail to notice even very
obvious and large objects (27). In typical experimental con-
texts, we can steer participants’ attention by instructing them
to look out for and count particular target items (28). This can
also be applied to the context of driving where one primarily
focuses on driving, but other items may compete for attentional
resources (29).

1.2. The Memory Trace: What Sticks after Exposure and
Processing

Summarizing the above, we argue that the links of the causal
chain go from exposure to reception and to retention (e.g., 4,
30). Attention (overt visual) is critical for both turning expo-
sure opportunities (messages one could look at) into reception
- making sure that they are encoded in the first place. However,
attention also refers to how intensely people engage with mes-
sages during the post-exposure reception process - thus affect-
ing how they are encoded (e.g., 25, 31). Furthermore, we know
that emotional messages may attract and hold attention better,
and we know that distraction interferes with or depletes atten-
tion. All these variables should thus affect the chance of reten-
tion in a predictable manner: First, only exposed messages have
a chance to make it into memory. However, not all messages we
see, and process can be stored verbatim. Thus, more emotional
messages should command more attention and generally facil-
itate memory formation. Finally, attentional distraction should
reduce exposure likelihood and dampen subsequent processing,
thus lowering the likelihood of remembering a message.

1.3. Confronting Complexities: The Challenge of Examining
this Exposure-Reception-Retention Pathway

This theoretical chain from exposure to reception to effects
is a logical and generally accepted explanatory model across
communication. The processes described above (overt atten-
tion, selective attention, and memory encoding and retrieval)
have been intensively studied in both cognitive psychology and
neuroscience (32). Moreover, work on the processing of media
messages is also compatible with this reasoning (25), and so is
McGuire’s classic matrix of persuasion (4), or other models in
mass communication and advertising research (13).

However, all prior work differs in important ways from the
current experimental context (billboards along a highway), par-
ticularly regarding stimuli, tasks, and external validity: First
laboratory studies in experimental cognitive psychology and
neuroscience often bear little resemblance to the more natu-
ral phenomena they were designed to study, particularly not to
everyday messaging contexts (e.g., 33). Second, even though
prior work on mediated messages aligns well with the informa-
tion processing view presented above, such work has typically
focused only on temporal media messages (e.g., TV and radio
spots; 34). Most critically, it has been done in laboratory tasks
in which participants are force-exposed to messages. Thus, this
work provides insights into post-exposure processing, but not
in the exposure-reception link that requires studying peoples’
more active information search in realistic communication en-
vironments. In sum, if we are interested in research on expo-
sure, then prior research provides only limited insight.

Research about message exposure does exist, but it is rather
disconnected from the reception-focused research. Specifically,
in mass communication and media effects research, exposure is
a core theoretical concept (2, 35). Dozens of metrics exist that
focus on audience size (how many are exposed to messages),
reach, or frequency of messaging and effects of e.g., repeated
exposure etc.. However, it is important to note that the major-
ity of this work on exposure regards aggregate level exposure
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metrics, like reach and audience sizes, but not about whether
a given individual looks at a message and how that influences
the individual (36). In summary, despite the fundamental im-
portance of the exposure-reception- retention chain, it seems
surprising that only scarce and fragmented research exists that
connect these links. To the extent that they are connected at all,
research suffers from either a micro-macro divide or a divide
between work that focuses on either message exposure (in the
real world) or processing (in the lab).

1.4. Combining Virtual Reality and Eye Tracking to Examine
the Exposure-Reception- Retention Chain

We believe that eye-tracking combined with virtual reality
(VR) presents a promising innovation that propels theoretical
progress by enabling communication researchers to unpack the
exposure-reception-retention chain. First, because eye-tracking
measures directly where people look and for how long their
gaze stays engaged, it provides objective information about ex-
posure and represents a widely accepted measure of visual at-
tention (37).

Second, VR offers a promising way to overcome the limi-
tations of laboratory studies, especially their limited realism.
Specifically, as its name suggests, VR provides a way to cre-
ate virtual, but realistic environments. This may sound tauto-
logical, but the implications become clear if one considers the
challenge of measuring real-world exposure discussed above:
Typically, we cannot objectively know whether a person looks
at a billboard when driving down a highway because we neither
have eye-tracking information, nor can we manipulate experi-
mentally which messages appear along a highway. On the other
hand, experimental research often suffers from limited general-
izability, particularly when done in restricted laboratory con-
texts (e.g., 38). With VR, it becomes possible to overcome this
bottleneck by creating realistic communication environments
(e.g., a road with billboards, a mall, or a city; 39). Because re-
cent VR-devices have integrated eye-tracking, it becomes pos-
sible to combine the potential of creating realistic communi-
cation environments in which users behave naturally with the
benefits of measuring eye-tracking.

Finally, VR-based experimentation allows to isolate and ma-
nipulate theorized variables (like the influence of message emo-
tionality or distraction) while controlling confounds. This is a
key prerequisite for establishing a causal chain and achieving
strong inference (40, 41).

Recent research has already made some progress towards
these goals. Specifically, Bonneterre (42, 43) and Schmälzle
et al. (44) both used the same core idea - combining immersive
VR with eye-tracking - to zoom in on the exposure-reception
link and study it under controlled but realistic conditions. The
former authors studied the reception of tobacco-related mes-
sages in the city-environment and demonstrated that incidental
exposure can be studied and linked to memory outcomes and
smoking-related attitudes. The latter authors introduced a VR-
billboard paradigm developed around a highway-driving sce-
nario and demonstrated the key role of incidental exposure as
well as how driver distraction makes it more or less likely. This
study builds on this prior work to take it to the next level by

manipulating multiple variables related to attention - message
emotionality and distraction.

Figure 1: Study Overview: Experimental Setup and Manipulated Variables.
Top left: Participant’s view of the photorealistic highway environment with
billboards; Superimposed (not visible to participants) is the eye-tracking scan
path, which is used to determine whether a billboard was looked at. Top right:
Sequential diagram of study events and conditions. Bottom left: Independent
and Dependent Variables. Middle Panel: Illustration of low and high emotional
billboard versions. Bottom right: Lab setup: Participant wearing an HMD is
engaged in driving along the virtual highway.

1.5. The Current Study and Hypotheses

The current study tests the above-described theoretical
framework in which reception is the central link in the causal
chain from exposure to memory, with attention serving as a key
modulator of both the exposure-to-reception and the reception-
to-memory linkages. Examining this framework in a causal-
experimental fashion is enabled by an innovative experimental-
ecological approach: Specifically, we build on previous work
(44) that combined VR technology with integrated eye-tracking
to create a message reception context in which people are free
to attend to or ignore messages they encounter (driving down a
highway with billboards) while allowing us to rigorously ma-
nipulate variables, capture eye-movements, and examine how
these factors affect incidental message exposure and subsequent
retention.

With this approach, we conceived the following manipula-
tions to influence attention (see Figure 1): First, we manipu-
lated the emotionality of the messages that participants encoun-
tered. Specifically, we created different versions of the same
billboard message - varying only the level of emotionality (low
vs. high) while keeping other visual and textual features highly
consistent. Participants were unaware of these variations, as ev-
ery person encountered a mix of emotional billboards during a
virtual ride down a highway, but behind the scenes, one partici-
pant would encounter the low emotional version of one and the
high emotional version of another billboard, whereas another
participant would receive exactly the opposite patterns, thus
controlling for confounds. Second, we instructed participants to
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either look out for and count trash items along the road (trash-
counting condition) or freely drive down the road (free-viewing
condition), assuming that this manipulation should markedly
affect how much they would attend to billboards. During the
ride, we then used the VR-integrated eye-tracking to unobtru-
sively measure whether they attended to each billboard (i.e.
overt visual attention) and for how long they looked at it (i.e.
intensity). Finally, once participants arrived at their virtual des-
tination, we assessed their memory of the messages. With this
setup, we are thus able to isolate the effects of billboard emo-
tionality (i.e. low vs. high emotional visual content) and driv-
ing condition (i.e. trash-counting vs. free-viewing) on visual
attention and memory, combining high levels of experimental
control with ecological validity.

Based on the reasoning outlined above, the following hy-
potheses are proposed.

H1. Effect of Billboard Emotionality on Exposure and Re-
ception: More emotional billboard messages will lead to more
fixations (H1a) and longer gaze durations (H1b) compared to
the less emotional billboard messages.

H2. Effect of Billboard Emotionality on Retention: More
emotional billboard messages will be better recalled (H2a) and
recognized (H2b) than less emotional messages.

H3. Effect of Driving Condition on Exposure and Reception:
Individuals in the free-viewing driving condition will exhibit
more fixations (H3a) and longer gaze durations (H3b) com-
pared to those in trash-counting driving condition.

H4. Effect of Driving Condition on Retention: Individuals
in the free-viewing driving condition will exhibit better mem-
ory performance (H4a - measured via recall; H4b measured via
recognition) than those in the trash-counting driving condition.

We also conducted additional analyses to understand how
viewing behavior intensity (i.e. fixation), driving condition
(trash-counting vs. free-viewing) and message characteristics
(low vs. high emotional content) influence memory.

2. Method

We provide code and data in a reproducibility package [link
to data and scripts on OSF and Github will be included in the
final manuscript]. In brief, participants wore a VR headset with
integrated eye-tracking and drove down a photorealistic (vir-
tual) highway along which billboard messages were placed (see
Figure 1). Depending on the condition, they were instructed to
count trash placed along the road or drive freely, and the dis-
played billboards were manipulated as described below. Af-
ter the drive, participants’ incidental memory for the billboards
was assessed via a free recall and recognition task. In the fol-
lowing, we report the specifics of the sample and procedures.

2.1. Participants

Forty participants (mage = 20.2, sdage = 1.5; 24 female) were
recruited and received course credit. The study was approved
by the local Institutional Review Board and all participants pro-
vided written informed consent. The sample size was set a pri-
ori to match the previous study’s sample (N=40) and is suffi-

cient to detect expected strong effects of experimental manip-
ulations on eye tracking and memory measures. Participants
whose glasses did not fit under the VR HMD and with insuf-
ficient vision levels were immediately replaced, resulting in a
final sample of 40 participants. Of these, 20 were randomly as-
signed to the trash-counting condition and 20 were assigned to
the free-viewing condition (between-subjects).

2.2. Stimuli
We created visual billboards featuring various billboard-

typical contents (see Figure 1). Specifically, out of the 20 bill-
boards that every participant passed by while driving, 14 fo-
cused on health and risk topics, such as road safety, substance
use, vaccination, and so forth; 6 of the 20 billboards focused
on commercial topics, such as restaurants, coffee houses, ho-
tels, or similar services. The billboards were designed using
Canva.com and the Midjourney AI image generation tool to re-
semble typical billboard/outdoor advertising designs (i.e. text
+ images, see Figure 1 for an example and online repository
[link to Github will be included in the final manuscript]). For
every billboard, we created two versions, one featuring lower
in image emotionality, the other higher in emotional content.
In doing so, the text was always kept the same, but the im-
ages were varied in intensity of emotionality (low vs. high). To
boost emotional salience of the images, the following elements
were added: people, people with emotional expressions (e.g.,
startled due to an imminent accident), people in emotional sit-
uations (e.g., sad person after losing a loved one, person with a
painfully red back due to sunburn, etc.). We confirmed that this
manipulation of emotional salience was highly successful by
having all participants perform a 2-alternative forced choice test
(2AFC) after the study (dichotomous variable; 1 = low emo-
tionality, 2 = high emotionality; see Table 1).

Table 1: Number and Percentage of Participants Who Correctly Identified Emo-
tional Salience in the 2AFC Test

No. Stimuli n (percentage)

1 Binge drinking 38 (95)
2 Buckle up 37 (92.5)
3 Diabetes 28 (70)
4 HIV 37 (92.5)
5 Text driving 32 (80)
6 Drugged driving 36 (90)
7 Smoking 38 (95)
8 Sun protection 39 (97.5)
9 Wash hands 37 (92.5)
10 Vaccination 35 (87.5)
11 Vaping 38 (95)
12 Marijuana 32 (80)
13 Technology addiction 38 (95)
14 Healthy diet 38 (95)
15 Brunch 38 (95)
16 Burger 37 (92.5)
17 Coffee 38 (95)
18 Education donation 39 (97.5)
19 Furniture 35 (87.5)
20 Hotel 34 (85)

2.3. VR Environment and VR Device
The virtual environment that participants entered was a pho-

torealistic version of Highway 50 in Nevada. This 3D-model
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was provided by the Nevada DOT on Sketchfab.com (link) and
was equipped with additional details (e.g., a sunny and blue-sky
dome with clouds, and empty soda cans on the highway for the
trash-counting task).

The created billboard images were placed along this vir-
tual highway on typical billboard stands. The order of
the 20 billboard topics was fully randomized across view-
ers. Moreover, an elaborate assignment schema was de-
vised so that pairs of participants received exact oppo-
site emotionality versions (i.e., low vs. high) of the bill-
boards, which were otherwise presented in the exact same or-
der (e.g., sub001: #1: burger low emo, #2 hotel low emo,
#3 drugs high emo; sub002: #1: burger high emo, #2 ho-
tel high emo, #3 drugs low emo . . . ). This mode of presenta-
tion ensures that all billboard versions are shown equally often
and under conditions that are maximally comparable.

The VR headset was HP Reverb G2 Omnicept, which in-
cludes an embedded high-precision eye-tracker. Participants
used the VR controller to drive forward in the virtual highway.
There was no need for the participants to steer as the highway
50 model is perfectly straight.

2.4. Experimental Procedure and Conditions: Virtual Drive
Down the Highway

After consent and VR preparation procedures were com-
pleted, participants first entered a demo environment to famil-
iarize them with VR and how to use the controller to drive
forward. Next, for the main session, they were instructed ac-
cording to their assigned condition: Half of participants (n=20)
were instructed to count the number of trash items on the high-
way (trash-counting condition; distraction condition), the other
half were instructed to freely drive down until they reached the
end (free-viewing condition, n=20). After the driving experi-
ence, which took about 5-7 minutes, participants were asked to
work on Sudoku puzzles (2 minutes, serving to clear their work-
ing memory from the last billboards just passed), followed by a
structured interview.

During this interview, the experimenter asked participants in
the trash-counting condition how many trash items they counted
and their general VR driving experiences. The interviewer then
asked participants to list all billboards they could recall pass-
ing by (i.e., free recall). Finally, participants completed an
online survey: This survey first asked them about VR expe-
riences (spatial presence, occurrence of symptoms, and tech-
nology usability), followed by a visual recognition test of bill-
boards. Specifically, for this recognition test, participants were
shown all 20 billboards with both low and high emotional ver-
sions and 4 distractors. Then they were asked for each of the
two versions of the billboard images whether they recognize
seeing one of the versions while driving along the highway. If
they answered yes to indicate they recognized seeing one of
the two versions of the billboards, they were further asked to
indicate their level of confidence. For this, the two billboard
versions were shown at opposite ends of a bipolar matrix and
participants indicated how confident they were having seen one
or the other version (middle point indicating uncertainty). Last,
participants viewed all billboard versions and selected the more

emotional one for each alternative version (forced choice, ma-
nipulation test). Finally, participants were debriefed, and data
were archived.

2.5. Data Processing, Analysis and Main Measures

This experimental setup yields the following objective data:
First, from the VR-system’s output, we receive information
about where participants were looking at, and particularly
whether they fixated a given billboard while passing it (a
dynamic/VR-based region of interest). In addition to assess-
ing whether a billboard was fixated, we also measured for how
long it was looked at in total (gaze duration) and how often
it was looked at (in case of multiple fixations). By merging
these viewing behaviors with the type of billboard that was
displayed on a given position for a given participant (e.g., the
billboard content as well as the low/high-emotional version),
we can derive a list of which billboards and at which loca-
tions were viewed. Since billboard images were randomly
allocated to specific billboard sign positions, a Python script
was developed to reorganize the individual images based on
a participant’s eye-tracking data (e.g., time 15s, billboard 1,
drunk driving high emo.jpg, . . . ). This facilitates subsequent
data aggregation across participants and messages.

Second, from the interview and recognition survey, we can
derive two metrics of message memory: free recall and recog-
nition. These metrics are again captured at the individual level –
i.e., whether participant X recalled banner Y, recognized banner
Y, and which version of the billboard they saw. Thus, the central
analytic dataset combines the following sources of information:
1) which billboard (e.g., smoking, texting and driving . . . .) and
in which version (low vs. high emotionality) was displayed at
which position (1,2, . . . 20) along the highway; 2) whether a
given participant looked at (i.e., fixated) this billboard, how of-
ten this happened in the case of multiple re-fixations, and how
long in total (gaze duration); 3) lastly, from the interview and
the survey, we obtain measures of free recall and recognition,
respectively (i.e., recalled/not recalled and recognized/not rec-
ognized). Overall, with 40 participants and 20 billboards, we
thus obtain a data frame with 800 rows. 20 participants were in
the trash-counting and 20 participants in the free-viewing con-
dition, and each of the participants saw 10 low and 10 high
emotional versions of the billboards.

In the analysis, we first conducted a stream of two sepa-
rate repeated-measures ANOVAs to demonstrate the effects of
our manipulations (driving condition: trash-counting vs. free-
viewing and billboard emotionality: low vs. high) on the view-
ing behavior towards the billboards (fixations and gaze dura-
tion) and on memory for the billboards (free recall and recog-
nition), respectively. Then we brought together the informa-
tion about fixations (whether a billboard was actively looked
at) and memory in a joint model together with the experimen-
tally manipulated variables. Said differently, we can think of
the viewing behavior metrics as another variable (represent-
ing the nexus where exposure turns into reception). How-
ever, contrary to typical laboratory studies where exposure is
forced onto participants, our study let participants look freely
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(either completely freely or taxing their attention with a com-
peting trash-counting task, which did, however, still leave them
some choice). Thus, the variable viewing behavior varies from
subject-to-subject based on their idiosyncratic viewing behav-
ior. To statistically analyze these data, we specified a logistic
(generalized) mixed effects model in which recall (or recogni-
tion respectively) formed the dependent variables and driving
condition, billboard emotionality, and viewing behavior were
the predictors of interest. Further, to account for potential dif-
ferences between billboard messages and individual subjects,
we specified those two variables as random effects and con-
trolled for their varying intercepts (45-47).

3. Results

We used a VR-environment with an integrated eye-tracker to
rigorously quantify message exposure and link it to message
memory. Specifically, participants drove down a virtual high-
way along which billboards were placed, allowing us to ma-
nipulate billboard messages (less vs. more emotional variants)
and tasks (trash-counting vs. free-viewing). Then we captured
whether they fixated the billboards in passing (fixation vs. no
fixation) as a ground-truth measurement of actual exposure. Fi-
nally, we measured message recall and message recognition.

3.1. Participants Subjective Experiences in VR
First, to demonstrate how participants experienced the drive,

we examined their responses from verbal interviews conducted
right after they came out of VR. Participants generally com-
mented that they found the virtual highway drive to be real-
istic and captivating. This was further supported by the post-
experimental survey data, which showed that participants re-
ported a high level of spatial presence in the VR environment
(meanspatial presence = 3.61, sd = 0.71 on a scale of 1–5, with all
items scoring above the midpoint; 48). Additionally, partici-
pants reported minimal symptoms such as dizziness, fatigue, or
eyestrain (meanVR symptoms = 1.42, sd = 0.36 on a scale of 1–4,
with all items below the midpoint; 49).

3.2. Effects of Experimental Manipulations on Viewing Be-
havior and Memory

Next, we examined how the experimental manipulations
(Billboard Emotionality: low vs. high and Driving Condition:
trash-counting vs. free-viewing) impact participants’ Viewing
Behavior (fixations on billboards and gaze duration) and Mem-
ory (free recall and recognition), assessed separately. Results
for the effects of experimental manipulations on viewing be-
havior are illustrated in Figure 2, the results for the effects of
experimental manipulations on memory are illustrated in Fig-
ure 3 and data are provided in Table 2 and Table 3.

Effects on Viewing Behavior: As expected, participants in
the ‘free-viewing’ Driving Condition were significantly more
likely to fixate a billboard (ca. 90%) than participants in the
‘trash-counting’ driving condition (ca. 55%; FDriving Condition(1,
38) = 14.983, p < .001, see left panel in Figure 2). There was no
main effect of Billboard Emotionality (FBillboard Emotionality(1, 38)

Figure 2: Effects of Billboard Emotionality and Driving Condition on Viewing
Behavior. Left: Probability of fixating a billboard as a function of driving task
(trash-counting vs. free-viewing) and billboard emotionality (low vs. high). As
can be seen, in the free-viewing condition, participants are far more likely to
fixate a billboard (on average 18/19 out of 20 billboards are fixated), whereas
in the trash-counting condition, only about half of the billboards are fixated
(i.e. looked at at least once). Right: Same analysis but for the gaze duration
measure, i.e. sum of the total fixation duration across all billboards that were at
least once fixated.

Figure 3: Effects of Billboard Emotionality and Driving Condition on Memory.
Note. Left: Probability of Recall (i.e. freely mentioning a billboard after the
virtual highway drive ended so that it could be identified). Right: Probability of
Recognition, as measured in the post-experimental survey (note about guessing
correction/signal detection analysis).

= 0.056, p = .814) and the interaction effect between Billboard
Emotionality (low vs. high) and Driving Condition (trash-
counting vs. free-viewing) on fixation probability was not sig-
nificant, FDriving Condition X Billboard Emotionality(1, 38) = 0.056, p =
.814. Thus, the effect of the driving conditions on fixation prob-
ability was not significant regardless of the billboard’s emotion-
ality.

A very similar pattern of results was obtained for the gaze
duration as the dependent variable. As can be seen in the right
panel in Figure 2, participants in the ‘free-viewing’ Driving
Condition were not only more likely to look at a billboard, but
they also looked longer at it if they did (FDriving Condition(1,38)
= 21.515, p < .001). For the gaze duration measure, the
main effect of Billboard Emotionality was marginally signif-
icant, FBillboard Emotionality(1, 38) = 4.050, p = .051, suggest-
ing that the highly emotional billboards were looked at for a
longer period. Again, there was no significant interaction ef-
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fect, FDriving Condition X Billboard Emotionality(1, 38) = 1.485, p = .230.
Thus, our results supported H3, and partially supported H1.

Table 2: Means (SDs) and statistical results for effects of experimental manip-
ulations (Billboard Emotionality/BE, Driving Condition/DC) on Viewing Be-
havior (Unique Fixations and Gaze Duration)

Unique Fixations mean (sd) Gaze Duration mean (sd)

Billboard Emotionality

high low high low

Free-Viewing 0.9
(0.2)

0.9
(0.18)

29.20
(12.72)

26.49
(12.97)

Trash-Counting 0.58
(0.35)

0.57
(0.34)

11.60
(9.93)

10.93
(10.51)

FDC = 14.983, p < .001 FDC = 21.515, p < .001
Statistics FBE = 0.056, p = .814 FBE = 4.050, p = .051

FInteraction = 0.056, p = .814 FInteraction = 1.485, p = .230

Effects on Memory Performance: Next, we examined
whether participants’ memory (assessed via free recall and
recognition, respectively) differed as a function of Driv-
ing Condition with their respective low (free-viewing) or
high (trash-counting) attentional demands, and the Bill-
board Emotionality (less vs. more emotional content) factor
(see Figure 3). Participants in the ‘free-viewing’ Driving
Condition recalled significantly more billboards than par-
ticipants who drove by the billboards while counting trash
(FDriving Condition(1, 38) = 11.756, p = .001). The interaction
effect between the recall rate of emotional messages (low
vs. high) and the driving conditions (trash-counting vs. free-
viewing) was significant (FDriving Condition X Billboard Emotionality(1,
38) = 4.208, p = .047). Participants in the free-
viewing driving condition recalled more highly emo-
tional billboards (meanrecall rate: free-viewing, high emotionality =

0.33, sd = 0.17) than low emotionality bill-
boards(meanrecall rate: free-viewing, low emotionality = 0.24, sd = 0.12),
whereas participants in the trash-counting driving condition
recalled slightly more low emotional than high emotionality
billboards(meanrecall rate: trash-counting, high emotionality = 0.15, sd =
0.11; meanrecall rate: trash-counting, low emotionality = 0.19, sd = 0.17).
The main effect of Billboard Emotionality was not significant,
FBillboard Emotionality(1, 38) = 0.623, p = .435.

Performing the same analysis for the recognition memory
revealed a highly significant main effect of Driving Condition
(FDriving Condition(1, 38) = 14.515, p < .001): Participants in the
free-viewing condition recognized significantly more billboards
than participants who drove by the billboards while counting
trash. The main effect of Billboard Emotionality was not sig-
nificant, although a trend was seen (FBillboard Emotionality(1, 38) =
3.183, p = .082) for more emotional billboards to be recognized
more often. For recognition memory, there was no interaction
effect between Driving Condition and Billboard Emotionality
(FDriving Condition X Billboard Emotionality(1, 38) = 0.214, p = .646).

Table 3: Means (SDs) and statistical results for effects of experimental manipu-
lations (Driving Condition/DC, Billboard Emotionality/BE) on Memory (Free
Recall and Recognition)

Free Recall Rate mean (sd) Recognition Rate mean (sd)

Billboard Emotionality

high low high low

Free-Viewing 0.33
(0.17)

0.24
(0.12)

0.76
(0.23)

0.71
(0.19)

Trash-Counting 0.15
(0.11)

0.19
(0.17)

0.49
(0.32)

0.41
(0.30)

FDC = 11.756, p = .001 FDC = 14.515, p < .001
Statistics FBE = 0.623, p = .435 FBE = 3.183, p = .082

FInteraction = 4.208, p = .047 FInteraction = 0.214, p = .646

3.3. Examining Message Memory as a Function of View-
ing Behavior (Exposure), Driving Condition (Attentional
Resources), and Billboard Emotionality (Attention-
Attracting Image Characteristics)

Strong effect of Viewing Behavior on Memory: Having exam-
ined how the experimental factors Driving Condition and Bill-
board Emotionality impact participants’ Viewing Behavior and
Memory, we next moved on to consider how Driving Condition,
Billboard Emotionality and Viewing Behavior jointly impact
Memory (see Figure 4). First, we confirmed that participants’
individual Viewing Behavior strongly impacts Memory. To this
end, we specified a generalized linear mixed model (GLMM) to
test the effects of all experimentally manipulated factors (Driv-
ing Condition and Billboard Emotionality) as well as the self-
manipulated factor Viewing Behavior (fixation, whether a par-
ticipants looked at a given billboard or not) on memory out-
comes. For message recall as the outcome, a significant and
dominant effect of Viewing Behavior (fixation vs. no fixation
on a billboard message) confirmed that whether a billboard
was fixated (looked at) or not strongly affects the probability
of recall, χ2

Viewing Behavior = 43.430, p < .001. Likewise, con-
ducting the same analysis for message recognition as the out-
come, a significant dominant effect of fixation on recognition
was observed, (χ2

Viewing Behavior = 14.413, p < .001. Addition-
ally, for recognition (but not for recall), the effect of Driving
Condition (free-viewing vs. trash-counting) was also signifi-
cant, χ2

Driving Condition (df = 1) = 10.953, p < .001. The results
are illustrated in Figure 4, and they are consistent with the pro-
posed causal influence of actual exposure as the dominant me-
diating link between message content and message effects.

Memory for Messages that were Looked At (exposed/actually
seen) as a Function of Driving Condition and Billboard Emo-
tionality: Having demonstrated that the self-determined View-
ing Behavior strongly affects memory (both measured via re-
call or recognition), we zoomed in on only those billboards
that were looked at, i.e. the ones for which we can objec-
tively claim that participants were exposed to them. A gen-
eralized linear mixed model (GLMM) for the recall data from
all looked-at billboards revealed a statistically significant in-
teraction effect between Driving Condition (trash-counting vs.
free-viewing) and the Billboard Emotionality (low vs. high),
χ2

Driving Condition X Billboard Emotionality = 4.522, p = .033. This sug-
gests that the impact of the billboards’ emotionality on recall
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Figure 4: Joint model of experimentally manipulated variables (Driving Con-
dition/DC and Billboard Emotionality/BE) and subject-determined behavioral
manipulation (Viewing Behavior, i.e. whether a billboard was fixated or not) on
memory outcomes. Top row: Results for free recall (left: trash-counting; right:
free-viewing). Bottom row: Results for recognition memory.

rate varies depending on the viewing conditions. Specifically,
for participants who were instructed to count trash, the recall
rate did not differ much between the high and low emotional-
ity billboards, but in the free-viewing driving condition (where
participants resources were not taxed by counting trash), the re-
call rate was higher for high emotionality billboards compared
to the low emotionality billboards.

Conducting the same analyses for the recognition memory
revealed a significant main effect of Driving Condition (higher
memory in the free-viewing condition, χ2

Driving Condition = 5.361,
p = .021) and a marginally significant main effect of Billboard
Emotionality (higher memory for more emotional messages,
χ2

Billboard Emotionality = 3.645, p = .056).

3.4. Additional Analysis of Dose-Response-Relationships
Does more intense viewing lead to better memory? The anal-

yses presented in the previous section are based on a dichoto-
mous conceptualization of exposure, defined as whether par-
ticipants did or did not look at a given billboard at all. How-
ever, a more nuanced view can be provided by a gradual anal-
ysis that focuses on dose-response relationships. To this end,
we went back to the original data and reanalyzed - for ev-
ery participant and every billboard - how often (fixation count)
they looked at a billboard. Specifically, we split every partic-
ipant’s fixation data to form three bins: billboards that were
never looked at, billboards that were looked at some (but less
than that participant’s median number of fixations) or looked

Figure 5: Zooming in on Effects of Billboard Emotionality (BE) and Driving
Condition (DC) on Memory for Fixated Billboards Only (i.e. certain exposure)
Note. Left panel: For the recall memory measure, a significant interaction
is observed. Particularly during the free-viewing condition, highly emotional
messages are remembered best. Right Panel: For the recognition memory mea-
sure, two main effects emerge. Free-viewing leads to better memory and more
emotional messages are more often recognized.

at a lot (more than median number of fixations). For each
of those three classes of billboards, we analyzed the subse-
quent memory performance. The results are shown in Fig-
ure 6 and revealed a very clear picture: For both, recall and
recognition memory, significant main effects of viewing behav-
ior intensity and driving condition were qualified by a signifi-
cant interaction. Although even in the trash-counting driving
condition more fixated billboards tended to be better mem-
orized, these effects were more strongly pronounced in the
free-viewing driving condition (Recall: FViewing Behavior Intensity(2,
76) = 65.265, p < .001; FDriving Condition(1, 38) = 11.756, p
= .001, FViewing Behavior Intensity * Driving Condition(2, 76) = 5.499, p
= .006; Recognition: FViewing Behavior Intensity(2, 76) = 30.097,
p < .001; FDriving Condition(1, 38) = 14.515, p < .001,
FViewing Behavior Intensity * Driving Condition(2, 76) = 4.975, p = .009).
These data confirm dose-response relationships, which are an
important topic in health communication at the aggregate level
(50), but are demonstrated to matter here even at the level of
micro-level reception data. Put simply, the more a billboard is
inspected, the better the memory.

Figure 6: Results from Additional Analyses of Dose-Response Relationships

4. Discussion

This study examined the causal link between exposure, re-
ception, and retention within a controlled experimental setting,
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and specifically the influence of attention-manipulating fac-
tors - message emotionality and driver distraction (i.e., trash-
counting (search task) vs. free-viewing (free inspection) - on
exposure and retention. Our results confirm that exposure de-
termines all subsequent effects, that distraction impacts likeli-
hood of exposure, and that both, the manipulation of distraction
and emotional content, affect retention. Below we discuss these
results and their theoretical significance, including how the cur-
rent approach advances our mission to reveal the mechanisms
from messages in the environment to their effects on audiences.

First, we observed strong effects among driving conditions,
fixations, and memory. The participants in the free-viewing
condition (i.e., non-divided attention) were about 1.5 times
more likely to fixate on a billboard and look at it for a longer pe-
riod (gaze duration) than those in trash-counting condition (i.e.,
divided attention, see Figure 2). As we predicted, the partic-
ipants in free-viewing condition recalled and recognized more
billboards (see Figure 3). These results align with existing stud-
ies about the link between attention and memory (e.g., 16, 33,
51). Thus, our results show that actual exposure (i.e., “fixating
on the billboard”) explains variance in message memory (52),
and they underscore the importance of studying the exposure-
reception-retention nexus in an integrated manner (44).

Next, we turn to the influence of message emotionality on
gaze behavior (fixation likelihood and gaze duration) and mem-
ory. As can be seen in Figure 4 - and contrary to our predic-
tions - message emotionality did not strongly affect whether or
not people fixated on the message. However, high emotionality
messages were looked at for a longer period compared to the
low emotionality messages (marginal statistical significance),
supporting H1b. Interestingly though, when zooming in only
on the messages that were fixated (see Figure 5), we found that
the effect of message emotionality on memory varied by the
driving condition (i.e., available attention) and the type of mem-
ory. Participants in the free-viewing condition recalled slightly
more high emotional messages compared to the low emotional
messages.

Taken together, our two manipulations impacted whether and
how participants looked at and remembered the messages. The
distraction manipulation had very strong main effects on view-
ing behavior (fixation rate and duration) and memory (recall
and recognition). The effects of billboard emotionality were
not as strong, and the most conspicuous effect was for fix-
ated billboards (for which we can be sure that exposure hap-
pened) the recognition memory revealed a main effect of bill-
board emotionality (higher emotionality billboards being rec-
ognized better); this effect was similarly expressed across both
driving condition groups, demonstrating consistency. How-
ever, when memory was assessed via free recall, which is more
difficult as it requires the active retrieval of a memory trace,
the pattern of results was different: Under free-viewing condi-
tions, i.e. when less attention was consumed by the competing
task of trash-counting, we observe higher recall of more emo-
tional messages. But in the trash-counting condition, which
required deploying attention on the road, the more emotional
billboard versions were not more successful in attracting at-
tention or boosting memory. One potential reason behind the

observed differences in driving conditions; trash-counting vs.
free-viewing may be discussed in relation to the distinct cog-
nitive demands each impose on individuals. The introduction
of trash-counting task is not merely a matter of adding visual
distractions but rather it fundamentally alters the participants’
mindset by shifting from a free inspection approach to a more
targeted search task which engages participants in a continu-
ous alertness preparing them to respond to an anticipated task
(c.f. 53). This imposes the cognitive load which constrains the
available cognitive resources leaving less capacities for ones to
deeply process the stimulus that differ in terms of its emotion-
ality (low vs. high). Therefore, the task types may have in-
fluenced the cognitive resource allocation; the high cognitive
load during the trash-counting task might have suppressed the
salience of billboard emotionality.

Overall, by using VR and an integrated eye-tracker in this
billboard paradigm, we were able to manipulate participants’
attention, unobtrusively capturing their viewing behavior in
space and time, and linking this information to memory out-
comes.

4.1. Implication 1: Measuring Actual Exposure

The theoretical significance of our results lies in the clear,
simple, and objective insights they offer into the exposure-
reception-retention nexus. Specifically, the way in which expo-
sure was measured in prior research leaves a lot to be desired:
Measuring exposure at an aggregate level is different from mea-
suring it in a given individual (2, 54); measuring exposure via
self-report is potentially subject to recall bias (55); and last, lab-
oratory studies can examine forced exposure, but not the kind of
incidental exposure that matters in real life (56). Thus, it is safe
to say that the theoretical phenomenon in question - actual ex-
posure in ecological settings - has barely been measured. This
poses a significant theoretical challenge insofar as exposure has
been termed the foundation of all message effects (e.g., 35). In
this sense, the current study makes not only a methodological
contribution, but provides a great example of the old adage that
there is nothing so theoretical as a good method (57).

4.2. Implication 2: Unpacking the Mechanisms of Message
Emotionality

Beyond rigorously quantifying actual exposure, the current
study manipulated the messages’ emotional content. The un-
derlying reasoning was that there is a logical chain from mes-
sage content (e.g., a billboard displaying a picture of road ac-
cident with a textual warning to avoid texting and driving) to
exposure and reception (the driver passing the billboard and
looking at it), and on to retention (the driver recalling or recog-
nizing this message; 58). The goal of communication message
design is to manipulate specific message characteristics to affect
this chain - from increasing the likelihood of exposure to facil-
itating sustained attentional engagement, to boosting memory
encoding (e.g., 59, 60). For instance, by increasing the phys-
ical image salience (e.g., via contrast or flashing lights around
the billboard), one can attract gaze, and the underlying percep-
tual and cognitive mechanisms are fairly well understood (61).
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Beyond image salience, however, most researchers are more in-
terested in higher-level message characteristics, like the effects
of emotional appeals, framing, or narratives (60).

Here, we focused on the emotional visual content of the mes-
sages, creating two well-matched versions of each billboard
(one more, the other less emotional; cf. 62). This also aligns
with decades of communication research, particularly the sem-
inal work on the effects of fear appeals (63, 64), although we
note that we did not manipulate fear specifically (most of our
high-emotion billboards depicted high-arousing negative con-
sequences, like accidents or sunburn, which would be consid-
ered a threat appeal). The assumption was that by making the
visual billboard content more emotional, they would be more
likely to be looked at, more intensely inspected, and ultimately
more likely to be stored (65). Indeed, neuroscientific research
on affective vision strongly supports that emotional images are
prioritized and amplified across processing stages - from early
vision to memory formation (19, 66).

However, the current results only partially supported this. Al-
though overall, more emotional images were somewhat better
remembered, the effect of this manipulation were much weaker
than the effects of the driving condition (distraction). Likewise,
emotional images were not vastly more likely to be fixated, but
once they were fixated, people indeed tended to look at them
more often. In retrospect, these results make sense given that
our emotionality manipulation was fairly weak. Specifically,
research on emotional images tends to be done with very strong
imagery, like pictures of strong mutilations and erotica (19),
whereas our emotional content manipulations spanned across
a more moderate range of emotionality (i.e. only depicting a
startled driver, but not a blood-splattered car-wreck as in a full-
blown fear/threat appeal). With this in mind, the current results
seem reasonable and demonstrate that despite a fairly weak ma-
nipulation of emotional image content, some processing advan-
tage is detectable (and our post-experimental forced choice task
confirms that participants were able to detect the more emo-
tional billboards). Although the effect size of this manipulation
is moderate and barely significant with a sample of 40 partici-
pants, these effects could still matter practically if we consider
that typical roadside billboards are passed by thousands of pas-
sengers every day (67).

4.3. Implication 3: Opportunities for Examining Message
Effects in Real and Virtual Environments

Going forward, future work should expand the range of
message characteristics and study the effects of those manip-
ulations. As discussed above, it would seem possible to in-
crease the strength of our emotion manipulation and doing so
should lead to stronger effects. Alternatively, given that much
emotion research also examines discrete emotions beyond the
arousal/intensity axis, one could specifically zoom in on e.g.
guilt appeals, humor, or other specific emotions (62). The mes-
sages with their own emotional properties, engage the viewer
from the moment of the visual contact (i.e., catches the view-
ers’ eyes) through to cognitive appraisal (i.e., processes the con-
tent assessing/perceiving the emotional significance). Based on

the cognitive appraisal, a decision is made whether the mes-
sage warrants further attention (c.f., 68; Cognitive Functional
Model). But the paradigm offers a lot of flexibility for addi-
tional manipulations. For instance, we did only manipulate the
image content, but kept the billboards’ textual content perfectly
controlled. It would seem easy to also manipulate text content,
adding e.g. framing manipulations, short narratives, testimo-
nials, or other kinds of manipulations. Given that recent work
by O’Keefe and Hoeken (69) questioned the effects of numer-
ous message manipulations, it appears promising to pit various
manipulations against each other, creating a sort of “persuasion
competition” along the virtual roadside.

We also note that much of eye-tracking based message ef-
fects research is limited insofar as it uses stationary eye track-
ers (70-72). Stationary eye-trackers offer valid insights into
scanpaths on websites, but it limits the messaging contexts to
screen-based-paradigms. However, if the goal is to understand
how people look for and react to messages in more naturalistic
information environments, a different approach is needed (38,
56, 73). In case of billboard advertising, for instance, people
navigate freely through space, their eyes wander and constantly
select information, and the relevant target objects (in this case
billboards) change size as people approach and then pass them.
The strength of the VR- and eye-tracking paradigm presented
here is that it cannot only cope with these complexities, but that
it also offers great flexibility in terms of potential messaging
contexts that could be studied. Indeed, the same basic argu-
ment can be made for other kinds of outdoor advertising, like
inner cities, malls, etc., but it could also be made for e.g. find-
ing signs in hospitals, hallways etc. (e.g. 42, 43). As long
as relevant environment and message features can be isolated,
we can now manipulate them and examine how VR-immersed
users behave when experiencing these carefully crafted, but re-
alistic communication ecosystems (39).

The current paradigm also has broad applied implications,
particularly regarding messaging and advertising in natural and
future metaverse communication environments. In addition to
the reliance on objective measures (overt attention captured via
eye-tracking), a core strength of the VR-based approach taken
here is its near-infinite flexibility regarding the types of con-
texts one could study: The current paradigm was situated in a
highway and billboard advertising context, but it is easy to see
how this can be transferred to e.g. an urban environment, a
railway station, or any of outdoor advertising. But even in the
highway-driving context alone, we see several practical appli-
cations, like providing legal evidence about impact of roadside
advertising, empirical billboard efficacy measurement, or sim-
ulations for billboard construction planning. Last, and perhaps
most importantly, we turn to the upcoming metaverse environ-
ment and its implications for this type or empirical communi-
cation research. In the case of the Metaverse, the VR-based
environment will no longer be a model for the real world, but
rather VR will be the context in which people spend time and
encounter messages. This means that the current approach can
be directly applied to study user engagement with messages.
Given the enormous importance of digital user metrics (click-
through rates, page impressions) had on the internet and its
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leading platforms (Facebook, Twitter, YouTube, Instagram), it
will be important for communication researchers to 1. study
this new messaging context, 2. use the new opportunities to ad-
vance theoretical communication science, and 3. also discuss
the ethical and societal implications of this development (e.g.
74).

4.4. Strengths and Limitations

The strengths of our study include the following. First, we
controlled how much attention people have available to allo-
cate to the messages (trash-counting vs. free-viewing) and what
types of messages they can be exposed to (low emotionality vs.
high emotionality). Compared to other studies that are more fo-
cused on naturalistic environments (where there is eye-tracking
or potential for message exposure but no control over the mes-
sages) or strictly lab-based work where people are forced to
read/see every message, our study holds a middle ground. In
addition, we also used advanced statistical analyses including
generalized linear mixed models to take into consideration of
individual differences in participants and messages in terms of
outcomes we were interested in. Finally, we added innovative
methodological (e.g., used AI to generate messages) and theo-
retical factors (e.g., added emotionality) compared to existing
studies.

However, there are still limitations to this study. First, we
purposefully controlled for the variance in the message ma-
nipulation because we did not want to cause any unintentional
emotional harm to the participants. This could have backfired,
leading to small or statistically insignificant effects of emotion-
ality. Future studies can add more extreme emotionality ma-
nipulations and see if they lead to statistically significant ef-
fects. In addition, while VR and eye-tracking methods have ad-
vanced far, more objective measurements such as neural activity
recordings such as the EEG could further add to our understand-
ing of how attention, exposure, and message factors interact to
influence memory. In particular, eye-tracking is a perfect mea-
sure of overt attention and can completely ascertain if a message
was looked at. However, for the subsequent processing of that
message, we can gain some insight from eye-tracking (e.g., how
long people look – or we could even look at the pupil dilation
as a measure of arousal), but it is clear that further measures
are needed to fully unpack how the processing of messages
is transformed into retention. Additionally, while the current
study focused on trash-counting as the distracted condition (i.e.
task type), the future research could benefit from incorporat-
ing real-life distractors such as unexpectedly and spontaneously
appearing objects with varying salience or response demands
like pedestrians crossing and distracting your way would allow
for in-depth understanding of how dynamic elements within the
real-life environment impact the cognitive processing and atten-
tion allocation

5. Summary and Conclusion

In summary, our study weaves a coherent theoretical
throughline that connects the chain of exposure, reception, and

retention in communication. For messages to have an effect,
ensuring exposure to the messages and attention is the key to
retention and effects. By bridging the gap between exposure,
reception, and retention, we can not only empirically examine
the causal influence of theorized variables - emotional atten-
tion and distraction -, but it also provides a flexible paradigm
for future studies on message effects in health communication,
politics, or advertising.

Data Availability Statement

This study’s data are available on Github, at https://

github.com/nomcomm/vr_billboard_e.
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