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Despite the growing interest in 3D virtual environments as a marketing medium, a significant gap exists
regarding the individual’s processing of embedded advertising in these spaces. Drawing on information-
processing theory, this paper examines how user tasks and the sense of presence affect the processing of prod-
uct placement in 3D virtual environments. We employ a multimethod approach using electroencephalography
and eye-tracking to measure different types of attention during advertising encoding, while self-reports are
employed to investigate advertising storing and retrieval. Results indicate that free-browsing yields greater se-
lective attention than goal-directed search, while higher induced presence leads to enhanced attentional vigi-
lance. Additionally, we show that task type and induced presence indirectly influence advertising recall through
the mediation of advertising encoding and storing. This work advances the theoretical understanding of product
placement processing in 3D virtual environments. Managerial implications for brands and platforms are provided

to enhance product placement effectiveness within virtual environments.

1. Introduction

The exploration of virtual environments has become a subject of
substantial discussion and scholarly interest (Gomez-Zara et al., 2023;
Hennig-Thurau et al., 2023). Three-dimensional virtual environments
(3DVEs) embody “electronic environments that visually mimic complex
physical spaces, where people can interact with each other and with
virtual objects” (Bainbridge, 2007, p.472). Increasingly, such spaces are
garnering recognition as platforms for advertising (Ahn et al., 2023;
Dwivedi et al., 2023). The attractiveness of 3DVEs to advertisers can be
attributed to the significant number of active users in these virtual
worlds. As of this writing, Roblox, with a 20 % year-over-year increase
reaching over 70 million daily active users and 16 billion engaged hours,
has introduced its interactive advertising hub (Roblox Corporation,
2023). Furthermore, platforms like Zepeto, with its 20 million monthly
users, highlight the potential of the 3DVE advertising market, which is
expected to reach US$1.8 billion by 2024 (Statista, 2024).

Advertising in 3DVEs differs from traditional 2D advertising. In
3DVESs, users no longer just see and hear advertisements, but they can
also physically move through and interact with them. Therefore,
advertising is evolving to take advantage of users’ perceptions of space
and movement, enabling a multisensory form of interaction (Kim et al.,

2022). Related to this evolution is the growing use of product placement,
where sponsored products or brands are unobtrusively embedded into
the narrative action (Balasubramanian et al., 2006). In the context of
3DVEs, embedded advertising emerges as an approach to foster user
engagement and brand connections (Wang & Chen, 2019; Dieter et al.,
2023). For instance, luxury brands such as Gucci, Balenciaga, and Fer-
rari are increasingly adopting product placement by creating 3D replicas
of their apparel and cars for user interaction within 3DVEs like Roblox
and The Sandbox (Marr, 2022).

Prior research has investigated the effectiveness of embedded
advertising within 3DVEs (van Berlo et al., 2023). These investigations
underscore how manipulating various factors, such as the narrative or
the sense of induced presence, can shape the user experience, impacting
advertising recognition and recall (Grigorovici & Constantin, 2004; Kim
& Lee, 2011; Lee & Faber, 2007; Roettl & Terlutter, 2018). However,
while extant research has focused mostly on the end effects, the in-
dividual’s processing of embedded advertising in 3DVEs remains largely
unexplored. This gap is significant because product placements, as sec-
ondary messages, are likely processed differently by users engaged with
the main content of the virtual environment (Marti-Parreno et al., 2017).
Recognizing this, Kim (2021) recently called for the adoption of an
information-processing perspective to examine how individuals
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perceive and process advertising in 3DVEs. This approach is instru-
mental in creating a more informed understanding of the processes
involved across various stages of advertising processing (Lang, 2000).

Also, recent developments in information-processing theories sug-
gest that cognitive and perceptual load may lead to differences in how
individuals direct their attention to communication messages (Fisher,
Huskey, et al., 2018). In virtual environments, different narratives can
affect individual cognitive load. For example, positioning users in a
mission-solving game with incidental product placements creates a
different cognitive load compared to settings that offer unstructured
exploration without a specific goal (Kim & Lee, 2011). In contrast,
perceptual load varies based on sensory demands. For instance, different
audiovisual stimulation can alter the user’s sense of presence in 3D
virtual environments, potentially influencing the processing of infor-
mation (Hendrix & Barfield, 1996). Understanding such processing is
key, as it can support practitioners in designing branded experiences and
maximizing product placement effectiveness (Taylor, 2022).

Based on this rationale, the present paper aims to explore how
different user tasks and levels of induced presence influence the pro-
cessing of product placement in 3DVEs. Drawing on information-
processing theory (Fisher, Huskey, et al., 2018; Lang, 2000), we assess
how these factors impact encoding, storing, and retrieval of product
placement in virtual environments. We employ an experimental
approach using consumer neuroscience tools such as electroencepha-
lography and eye-tracking to measure different types of attention during
the encoding stage (Shaw & Bagozzi, 2018). This methodological
approach is increasingly relevant in the study of consumer responses to
marketing stimuli (Lim, 2018a, 2018b) and its advocacy is growing in
the advertising field, particularly for research in immersive environ-
ments (Ahn et al., 2023; Dwivedi et al., 2023). Additionally, our study
includes explicit evaluations of advertising recognition and recall, thus
examining advertising storing and retrieval through a multimodal
approach. The results make several contributions to marketing research
and practice. First, this work advances the theoretical understanding of
product placement processing in 3DVEs by distinguishing between two
independent forms of attention and showing their effects on advertising
storing and retrieval. Second, we demonstrate the direct and indirect
effects of task and presence manipulation on advertising effectiveness
within 3DVEs. Last, we provide actionable suggestions for brands and
platform owners aiming to enhance product placement effectiveness
within 3DVEs.

2. Theoretical background

Information-processing models have often been used to understand
how users process advertising. One such model is the Limited Capacity
Model of Mediated Message Processing (LC4MP, Lang, 2000), which has
been extensively applied to study product placement in virtual envi-
ronments (Lee & Faber, 2007; Marti-Parreno et al., 2017; Peters &
Leshner, 2013). The LC4MP integrates biological and cognitive science
perspectives to predict individual processing of communication mes-
sages, suggesting that individuals’ limited capacity to process media
messages is influenced by their motivation and the nature of the message
(Fisher, Huskey, et al., 2018). The model outlines three stages of
advertising processing, namely encoding (i.e., perceiving external new
information), storing (i.e., associating this information with existing
memories), and retrieval (i.e., recalling stored information). In the
following, we discuss how user tasks and varying degrees of induced
presence are expected to affect the three stages of processing.

2.1. Influence of user task and induced presence on advertising encoding

According to the LC4MP, the initial stage in advertising processing is
encoding. This process begins with an orienting response, where the
viewer aligns their sensory receptors, triggering a set of physiological
responses that have been associated with attention (Fisher, Keene, et al.,

Journal of Business Research 197 (2025) 115485

2018; Lang, 2000). The orienting response represents a selection
mechanism that determines how individuals allocate their attention.
Recent evidence employing LC4MP indicates that an individual’s level
of attention shows differentiable effects based on cognitive and
perceptual load (Fisher, Huskey, et al., 2018; Fitousi & Wenger, 2011).
Additionally, it has been shown that perceptual and cognitive resource
requirements have different and independent effects on attentional
processes (Fisher et al., 2019; Murphy et al., 2016).

Cognitive load relates to the demands placed on an individual’s
cognitive processing capacity. These demands are influenced by several
factors, including the degree of conflict that the present task presents
against a specific goal (Fisher, Keene, et al., 2018; Lang, 2000). The
assumption is that placing demands on cognitive resources affects the
attentive capacity of an individual, resulting in greater interference with
attentional responses (Lavie, 2010). Previous research has highlighted
the effect of cognitive load on selective attention, namely the cognitive
mechanism where individuals allocate their attention to certain ele-
ments while simultaneously excluding others (Duncan, 1984; Lavie
et al., 2004). Selective attention typically manifests as a goal-driven
mode of information processing. As the cognitive load increases, it is
more likely that goal-irrelevant information is ignored. This form of
attention is often associated with ocular attention as it relies on the eye-
mind hypothesis, which states that human cognitive processes can be
observed by their associated gaze pattern (Just & Carpenter, 1980;
Florack et al., 2020).

The existence of a goal was shown to influence how individuals
direct their selective attention toward secondary advertising stimuli
(Kim & Lee, 2011; Resnick & Albert, 2014). This is often related to the
cognitive load of the primary task stimuli (Brajnik & Gabrielli, 2010),
which limits the attentive capacity for processing secondary elements
like embedded advertising. Consistent with the LC4MP, which suggests
that cognitive load during a task reduces available attentive resources
(Fisher, Huskey, et al., 2018), this effect was attested in website in-
teractions where goal-directed information search negatively impacted
selective attention toward banner advertising (Resnick & Albert, 2014).
Similarly, Bang & Wojdynski (2016) showed that individuals reading
online newspapers engaged in goal-oriented tasks such as extracting
information from the text (as opposed to free-browsing) exhibit lower
selective attention toward task-irrelevant information like banner
advertising. Along these lines, we posit the existence of a similar phe-
nomenon in 3DVEs including embedded product placement, namely:

H1a: Individuals engaged in goal-directed search (vs. free-browsing)
exhibit lower selective attention to embedded advertising.

In contrast to cognitive load, perceptual load involves the demands
on an individual’s capacity for sensory processing, which is influenced
by the number of sensory stimuli an individual encounters (Fisher,
Huskey, et al., 2018; Fisher et al., 2019). Sensory stimulation is also a
recognized antecedent of presence, which is commonly defined as a
subjective feeling of being located within mediated content, to the
extent that the nature of the virtual environment becomes imperceptible
over actual reality (Terkildsen & Makransky, 2019). This sense of
presence can result from “sensory saturation,” where a higher propor-
tion of sensory channels are engaged with inputs from a virtual rather
than a physical environment, and the individual sensory capabilities are
completely engaged by the interface (Biocca, 1997).

Experiencing presence in a virtual environment implies a deeper
level of involvement, which affects how users process and respond to
stimuli within that environment (Mollen & Wilson, 2010; Wu & Lin,
2018). An enhanced sense of presence is also linked to increased
attentional vigilance (Kim et al., 2021), which refers to the ability to
remain alert and consciously process external stimuli (Robertson &
O’Connell, 2010). Distinct from selective attention, which implies the
inhibition of secondary stimuli, attentional vigilance has been associ-
ated with attentional breadth and measured through neurophysiological
responses (Gazzaniga, 2004; Pitchford & Arnell, 2019). For instance,
through cortical responses, Kober et al. (2012) observed that heightened
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presence in a virtual reality environment was accompanied by activation
patterns associated with greater involvement and plan to act within the
environment. In mediated virtual environments including advertising,
prior research showed that presence can significantly increase an in-
dividual’s level of attention (Choi et al., 2001). Building on this, we
expect that a similar effect will occur in 3DVEs with embedded product
placements. In particular, we hypothesize that a heightened sense of
presence positively influences the level of attentional vigilance during
exposure to product placements. Formally:

H1b: Individuals experiencing high presence (vs. low presence)
exhibit higher attentional vigilance when exposed to embedded
advertising.

2.2. Influence of user task and induced presence on advertising storing

The LC4MP posits that the second stage in processing advertising is
storing. This phase involves the integration of new information into
associative memory, starting from the recognition of advertising (Lang,
2000). We anticipate that advertising recognition, defined as the ability
to identify sponsored content as advertising (Boerman et al., 2015), will
be influenced by the individual’s selective attention to the advertising
stimulus. Indeed, extant research applying the LC4MP in the context of
embedded advertising in commercials indicates that selective attention
toward advertising has a direct influence on the likelihood of recog-
nizing the advertising content (Mandolfo et al., 2024). As selective
attention to embedded advertising increases, the probability of its
recognition as advertising also increases (Wojdynski & Evans, 2016).
Furthermore, different task types are also expected to directly affect
advertising recognition. In fact, individuals engaging in free-browsing
have shown higher banner recognition compared to those searching
for specific information (Calisir & Karaali, 2008). Building on this, we
propose that similar effects are associated with the storage process,
suggesting a potential mediation process. Formally, we propose:

H2a: The effect of goal-directed search (vs. free-browsing) on
advertising recognition is mediated by individuals’ selective attention to
embedded advertising.

We anticipate that advertising recognition will also be influenced by
the level of attentional vigilance experienced by users. In line with
perceptual load theory, Leung et al. (2020) found that virtual reality
commercials draw more attention and, in turn, enhance advertising
recognition more effectively than traditional video commercials. This
heightened recognition can be attributed to increased attentional vigi-
lance, which improves information processing in the sensory-rich set-
tings of virtual environments (Lombard et al., 2015). Additionally, we
expect that varying levels of presence will indirectly affect advertising
recognition, consistent with existing research in 2D environments. For
example, Keng & Lin (2006) observed that a stronger sense of presence
in a 2D website leads to improved advertising recognition, indicating
that different levels of induced presence can affect advertising recog-
nition. Extending this concept to 3DVEs with embedded advertising, we
predict a similar influence. Specifically, we expect the existence of a
mediation process where varying levels of induced presence influence
attentional vigilance, which in turn affects advertising recognition.
Formally, we propose:

H2b: The effect of high induced presence (vs. low presence) on
advertising recognition is mediated by individuals’ attentional
vigilance.

2.3. Influence of user task and induced presence on advertising retrieval

The LC4MP suggests that retrieval is the third stage in processing
advertisements. During this stage, information is reactivated in working
memory, a process linked to learning the communication content (Lang,
2000). Advertising recall is likely influenced by the selective attention
paid to the stimulus and by the subsequent recognition of the adver-
tisement. Supporting this, previous studies applying the LC4MP to
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embedded advertising in commercials have shown that increased se-
lective attention to advertising and subsequent recognition enhances
subsequent recall through a mediation process (Boerman et al., 2015;
Mandolfo et al., 2024). In fact, as selective attention to embedded
advertising increases, the likelihood of retrieving and recalling adver-
tising also increases (Chung & Sparks, 2015). Furthermore, prior
research has demonstrated that advertising recognition directly en-
hances recall, establishing recognition as a robust antecedent of memory
(Eisend et al., 2020). Based on this evidence, we expect that the effect of
browsing tasks on brand recall occurs through a mediation process. This
expectation stems from the understanding that the memory’s response
to a stimulus is typically mediated by its perception (Ambler & Burne,
1999). Formally:

H3a: The effect of goal-directed search (vs. free-browsing) on brand
recall is mediated by individuals’ selective attention to embedded
advertising and by advertising recognition.

Early research demonstrates that increasing sensory stimulation in
virtual environments not only enhances the sense of presence but also
improves spatial awareness and recall of virtual objects (Dinh et al.,
1999). This heightened sense of presence has been shown to increase
recognition and subsequent recall of advertising included on web pages
(Keng & Lin, 2006). Building on the earlier discussion supporting the
existence of a direct influence of advertising recognition on recall, we
expect a similar effect in 3DVEs. In this context, we hypothesize that a
greater sense of presence can indirectly improve recall by directly
increasing attentional vigilance and therefore advertising recognition.
This mediation process can be attributed to the increased engagement
that presence fosters in virtual experiences (Lombard et al., 2015). Thus,
we formally state:

H3b: The effect of high induced presence (vs. low presence) on brand
recall is mediated by individuals’ attentional vigilance and by adver-
tising recognition.

3. Methodology
3.1. Experimental design

We followed a between-subjects experimental design including four
treatments characterized by two tasks (goal-directed search vs free-
browsing) and two degrees of induced presence (low vs high). The
experimental context consisted of two 3DVEs (i.e., VE1 and VE2)
designed as a seven-room, 3D virtual exhibition. These were designed to
be accessible on desktop computers. Both environments were structur-
ally identical, but with different themes: VE1 focused on the evolution of
fashion in rap music, and VE2 on rock music. Both VEs incorporated 18
textual panels, accompanied by images of musical artists and album
covers, situated in identical locations across the environments. This
design emulated an exhibition experience with each panel describing
historical facts about the specific music genre. This approach was chosen
to increase the ecological validity, reflecting real 3DVEs that include
branded content within a musical context (Hirschmiller, 2023). Addi-
tionally, each space contained unbranded three-dimensional clothing
items such as bucket hats, bomber jackets, and leather jackets, placed at
the same coordinates within the respective spaces. A single branded
product placement, in the form of a branded shoe, was integrated into
each environment. This was designed to align with the environment’s
narrative, similar to the real-world use of branded shoes as product
placement (Temperino, 2023). This was placed in a location of the vir-
tual space that users were compelled to browse. VE2 also included a 3D
guitar, situated in the farthest room from the navigation starting point.
Ilustrative examples of the environments and the related product
placement are displayed in Figs. 1-2.

Task manipulation was achieved by assigning distinct objectives. In
VEL1 participants were instructed to freely explore the space, following a
free-browsing narrative. Contrastingly, VE2 required a goal-directed
search, where participants were asked to find the guitar. In both
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Fig. 1. Opening room.

Fig. 2. Target object (guitar) and product placement (shoe).

environments, we further manipulated the degree of induced presence
through the inclusion (or absence) of audio. In the high presence
treatment, both virtual environments included four 3D speakers
repeatedly playing different songs related to the music genre of the
respective environment. The music was specifically designed to be heard
in all the rooms of the exhibitions. We employed 3D spatialized audio,
allowing participants to locate the sound source. This mode of auditory
presentation is demonstrated to induce a heightened sense of presence in
the listener (Hendrix & Barfield, 1996), with research suggesting that
increased sensory channels intensify sensory engagement and, conse-
quently, increase the sense of presence (Choi et al., 2001). In contrast,
the low presence condition was devoid of audio.

3.2. Sample and procedure

The experimental activity was conducted in a controlled laboratory
setting with 122 participants (49 % women, Mage = 26.4, SD = 8.4, age
range: 18-62). The sample size was selected to align with previous
studies that used neurophysiological tools to analyze virtual advertising
(Pozharliev et al., 2022). Participants were randomly allocated to one of
four conditions to mitigate the potential impact of confounding vari-
ables and guarantee the comparability of the groups. Each participant
was exposed to only one virtual environment (i.e., VE1 or VE2) during
the experimental session, which included six sequential phases. Initially,
a laboratory assistant briefed the participants on the study’s objectives
and obtained written consent. Then, the measurement instruments were
set up, and participants were seated in front of a computer monitor.
Next, participants were shown a static grey image for one minute to
acquire physiological baselines. This was followed by a display of in-
structions on how to interact with the virtual environment and an
orientation session in a practice environment that differed from the test
environment in content and dimensions, helping participants familiarize
themselves with navigation controls. Subsequently, participants were
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exposed to one of the four full-screen experimental conditions without
any time constraints or indications of time, as there were no clocks and
participants were asked to leave watches and smartphones outside the
room. The navigation of VE1 ended when the participant visited all
seven rooms, while the navigation of VE2 was concluded as soon as the
virtual guitar was found. After the browsing session, participants
completed a survey.

3.3. Instrumentation and measures

Selective visual attention and attentional vigilance were respectively
extracted from ocular and cortical activity. The ocular activity was
gathered through an eye-tracking bar (SMI REDn Scientific) attached to
the 24" computer monitor. We created specific areas of interest (AOIs)
for product placements displayed in the VEs. AOIs for embedded prod-
ucts were designed as dynamic areas adjusting to user browsing style
during each navigation. Selective attention to product placement was
operationalized through the dwell time (i.e., the sum of all fixations and
saccades time, expressed in seconds) within the dedicated AOI with a
fixation threshold of 80 ms. This method aligns with prior experimental
research investigating visual selective attention to embedded adver-
tising (Boerman et al., 2015; Mandolfo et al., 2024). Overall, 6 obser-
vations were discarded due to excessive signal noise.

Cortical activity was assessed using a portable electroencephalogram
system (EBNeuro BE Plus LTM). Electrodes were placed following the
10-10 International System, examining frontal (AF3, AF4, F3, F4, Fz),
central (C3, C4, Cz), parietal (P3, P4), and occipital (POz) regions.
Attentional vigilance was operationalized through alpha activity
(channels AF3, F3, AF4, F4, and Fz), in line with extant research
investigating attention to advertising (Gountas et al., 2019; Vecchiato
et al., 2012). The average value was calculated for each participant
during the period when the product placement was on-screen. This value
was then subtracted from the average measure calculated during base-
line acquisition. Overall, 7 observations were discarded due to excessive
signal noise.

We assessed individual responses to the browsing experience
through explicit self-reports on 7-point Likert scales. These included a 5-
item construct investigating Perceived Presence (Makransky et al.,
2017), which served as a manipulation check, a 3-item construct
investigating Arousal (Mehrabian & Russell, 1974.), a 3-item construct
investigating Valence (Mehrabian & Russell, 1974.), a 3-item construct
investigating Perceived Interactivity (Liu, 2003), a single item investi-
gating Visual Appeal (Lindgaard et al., 2011), a single item investigating
Usability (Lindgaard et al., 2011), and a single item measuring Adver-
tising Recognition (i.e., “the virtual environment contained adver-
tising”) adapted from Boerman et al. (2015) and used as dependent
variable. Arousal and Valence were treated as covariates to account for
the effect of affective states on browsing in 3DVE in line with Mandolfo
et al. (2023), while Perceived Interactivity, Visual Appeal, and Usability
were included as control variables typical of user experience in-
vestigations in 3DVEs, consistent with Yan et al. (2024). Our primary
dependent variable, Brand Recall, was measured in two steps, following
Boerman et al. (2015). First, participants were presented with the item “I
have perceived that there is a product advertised in the virtual envi-
ronment.” Affirmative responses were followed by an option to identify
the recognized brand, with Brand Recall scored as 1 for correct recall
and O for absence or incorrect brand recall. Two additional distracting
questions were included at the beginning of each survey to cover the end
objective of the investigation (e.g., “What was the main theme of the
exhibition?”). The full copy of self-reports, along with data processing
and storing methodologies, are reported in the Appendix.
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4. Results
4.1. Measurement reliability and experiment validity

The measurement scale’s psychometric properties were initially
evaluated using confirmatory factor analysis. Factor loadings, Cron-
bach’s alpha, and composite reliability indices for each of the constructs
are reported in Section A.5 in the Appendix. All resulting factor loadings
proved to be above 0.707, indicating that each construct accounted for
over 50 % of its indicator’s variance (Hair et al., 2020). Cronbach’s al-
phas were all above 0.7 (Nunnally & Bernstein, 1994), and all composite
reliability indices were above 0.6, thus confirming the reliability of the
tested models (Bagozzi & Yi, 1988).

A manipulation check confirmed that 3D spatialized audio signifi-
cantly enhanced participants’ perceived sense of presence in VEs with
music compared to those without (F(1,120) = 5.908, p = 0.017), thus
supporting the study’s internal validity. Also, there was no observed
effect of task manipulation on perceived presence (F(1,120) = 0.883, p
= 0.349), indicating no interference between the manipulations. An ex-
post analysis was then carried out to rule out potential unintended ef-
fects of extraneous variables. The comparison of on-screen product
display time across the four conditions revealed no substantial differ-
ences (X2(2) =5.021, p =0.170), underscoring comparability in terms of
product placement exposure duration in the four conditions. The prod-
uct placement was on display for an average of 13.1 s (SD = 7.6 s). Also,
the four conditions did not differ in terms of Visual Appeal (F(3,118) =
1.827, p = 0.146), Usability (F(3,118) = 1.940, p = 0.127), and
Perceived Interactivity (F(3,118) = 0.220, p = 0.882), indicating that
the four user experiences were perceived as comparable. Lastly and as
expected, no significant correlation was observed between selective vi-
sual attention and attentional vigilance (r(111) = -0.013, p = 0.895).
Full descriptive statistics are reported in the Appendix.

4.2. Hypotheses testing

To test the direct effects of user tasks on advertising encoding, we ran
a MANOVA including task type (goal-directed search vs free-browsing)
and the degree of induced presence (high vs low) as fixed factors, and
selective visual attention to product placement and attentional vigilance
as dependent variables. Furthermore, we introduced valence and
arousal as covariates to account for the effects of individual affective
states. With respect to selective visual attention to product placement,
results indicated the existence of a main effect related to the type of task
(F(1, 110) = 6.616, p = 0.015, partial nz = 0.055), whereas no main
effects were attributable to the induced presence (F(1, 110) = 0.355, p
= 0.553). The interaction effect between task type and induced presence
was not statistically significant (F(1, 110) = 0.237, p = 627). Pairwise
comparisons confirmed that individuals in the free-browsing condition
displayed higher levels of selective attention to product placement, as
measured in seconds (M = 4.28, SD = 2.35) than individuals following a
goal-directed search (M = 3.01, SD = 2.19; t(114) = — 2.826, p =
0.003). This lends empirical support to Hla.

Regarding attentional vigilance, no significant main effect related to
the task type was observed (F(1, 110) = 0.085, p = 0.771). Conversely,
results indicated the existence of a main effect related to the induced
presence (F(1, 110) = 5.415, p = 0.022, partial n2 = 0.049). The
interaction effect between induced presence and task type was not sta-
tistically significant (F(1, 110) = 0.060, p = 0.806). Pairwise compari-
sons confirmed that participants in the high induced presence condition
displayed greater attentional vigilance (M = 1.47, SD = 2.00) than
participants in the low presence condition (M = 0.40, SD = 2.07; t(113)
= — 2.801, p = 0.003), thus supporting H1b.

To assess the indirect effects of task type on advertising storing
(H2a), we employed Hayes’ PROCESS macro. We ran model 4 with one
mediator in PROCESS v4.1 with 10,000 bootstrap samples. We included
the task type as the independent variable, selective visual attention to
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the product placement as the mediator, and advertising recognition as
the dependent variable. Also, valence and arousal were included as
covariates, with free-browsing set as the reference category. Results
showed a significant indirect effect of task type on advertising recog-
nition via selective attention to embedded advertising (indirect effect =
-0.101, BootSE = 0.053, 95 % BCBCI [-0.218, —0.015]). Specifically,
goal-directed search significantly decreased the selective attention to
embedded advertising (b = -0.469, SE = 0.180, t = -2.604, p = 0.011),
which in turn directly increased advertising recognition (b = 0.216, SE
= 0.096, t = 2.262, p = 0.026). Also, we observed a significant direct
effect of task type on advertising recognition (b = -0.414, SE = 0.187, t
=-2.209, p = 0.029). The total effect was also significant (total effect =
-0.515, BootSE = 0.185, 95 % BCBCI [-0.881, —0.150]), demonstrating
partial mediation and supporting H2a.

Employing the same model but using the degree of induced presence
as the independent variable and attentional vigilance as mediator, we
assessed the indirect effects of induced presence on advertising storing
(H2b), with low presence as the reference category. A significant indi-
rect effect was found (indirect effect = 0.094, BootSE = 0.062, 95 %
BCBCI [0.001, 0.236]). Higher induced presence significantly increased
attentional vigilance (b = 0.953, SE = 0.398, t = 2.240, p = 0.018),
which in turn enhanced advertising recognition (b = 0.098, SE = 0.047,
t = 2.105, p = 0.037). Conversely, the direct effect of presence on
advertising recognition was not significant (b = 0.096, SE = 0.200, t =
0.480, p = 0.632). This indicates indirect-only mediation (total effect =
0.181, BootSE = 0.199, 95 % BCBCI [-0.212, 0.574]) and supports H2b.

To assess the indirect effects of task type on advertising retrieval
(H3a), we ran model 6 with two mediators in PROCESS v4.1 with 10,000
bootstrap samples. We included the task type as the independent vari-
able; selective visual attention to the product placement and advertising
recognition as sequential mediators; and brand recall as the dependent
variable. Also, valence and arousal were included as covariates. A sig-
nificant total effect was observed (total effect = -2.539, BootSE = 8.641,
95 % BCBCI [-5.951, —1.163]), along with a significant indirect effect
(indirect effect = -0.3177, BootSE = 1.776, 95 % BCBCI [-0.969,
—0.049]). Both mediators displayed significant effects. Specifically,
goal-directed search decreased the selective visual attention to the
embedded advertising (b = -0.473, SE = 0.180, t = -2.632, p = 0.009),
attention to the product directly increased advertising recognition (b =
0.216, SE = 0.096, t = 2.257, p = 0.026), and higher advertising
recognition increased brand recall (b = 3.117, SE = 0.609, z = 5.121, p
< 0.001). Also, goal-directed search significantly decreased advertising
recognition (b = -0.413, SE = 0.187, t = -2.209, p = 0.029), and a
further significant direct effect of selective attention to embedded
advertising on brand recall was observed (b = 1.973, SE = 0.589, z =
3.389, p = 0.001). The results showed no significant direct effect of task
type on brand recall (direct effect = 0.917, SE = 0.737,z = 1.243, p =
0.214). These results confirm the existence of a mediation process, thus
confirming H3a. The related path model is shown in Fig. 3.

We employed the same model but with the degree of induced pres-
ence as the independent variable and attentional vigilance as the first
mediator to evaluate the effects on advertising retrieval (H3b). Results
showed a significant indirect effect through both mediators (indirect
effect = 0.278, BootSE = 0.365, 95 % BCBCI [0.002, 0.868]). High
presence significantly enhanced attentional vigilance during product
placement exposure (b = 0.953, SE = 0.040, t =-2.399, p = 0.018). This
increased vigilance directly influenced advertising recognition (b =
0.098, SE = 0.047, t = 2.105, p = 0.038), which in turn significantly
increased brand recall (b = 2.978, SE = 0.582,z =5.114, p < 0.001). No
further direct effects of induced presence on advertising recognition (b
= 0.088, SE = 0.201, t = 0.438, p = 0.662) or brand recall (b =-0.375,
SE = 0.640, z = -0.586, p = 0.558) were found, nor were there addi-
tional effects of attentional vigilance on brand recall (b = 0.176, SE =
0.144, z = 1.223, p = 0.222). This pattern of results, demonstrating
indirect-only mediation (total effect = 0.706, BootSE = 1.367, 95 %
BCBCI [-0.594, 2.434]), supports Hypothesis H3b. The full path model is
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Fig. 3. Path model testing the effects of task type on brand recall.

shown in Fig. 4.
5. Discussion
5.1. Theoretical implications

We make two main contributions to the current understanding of
how individuals respond to product placement in 3DVEs. First, by
addressing recent calls for research (Kim, 2021; Taylor, 2022), we
analyze the individual processing of product placement in 3DVEs,
examining its encoding, storing, and retrieving. We apply the LC4MP
and demonstrate the processes involved across the three stages of
advertising processing, corroborating previous findings related to 2D
product placement (Boerman et al., 2015; Mandolfo et al., 2024).
Furthermore, building upon the expanded LC4MP (Fisher, Huskey, et al.,
2018), our empirical approach is the first to distinguish between two
independent forms of attention during the encoding stage (i.e., selective
attention and attentional vigilance). This suggests that attention cannot
be reduced to mere exposure and invites a redefinition of ’attention’,
particularly in 3DVEs, where the richness of user interactions and di-
versity of stimuli can evoke multiple dimensions of attention. To study
attentional responses, we adopted a multimodal approach. This re-
sponds to recent methodological calls to research individual advertising
responses in immersive environments, accounting for both implicit and
explicit responses (Ahn et al., 2023; Dwivedi et al., 2023). In doing so,
we confirm the applicability of consumer neuroscience tools to provide
information about implicit attentional processes that are typically
difficult to assess using other approaches (Lim, 2018a).

Second, we contribute to extant empirical research by exploring the
impact of task and presence manipulation on advertising effectiveness
within 3DVEs. Consistent with prior studies on webpage advertising
(Resnick & Albert, 2014), we show that in the context of a goal-directed
search task, users display lower selective attention to embedded
advertising. This contributes to the extant literature by identifying the
existence of advertising blindness in 3DVEs, a phenomenon so far
observed only in 2D environments (Cho & Cheon, 2004). Our results

indicate that the immersive nature of 3DVEs does not necessarily
enhance advertising effectiveness. Instead, the cognitive load on in-
dividuals might lead to similar selective attention responses in both 2D
and 3D environments, affecting advertising encoding. Besides showing
for the first time that advertising blindness can also exist in 3DVEs, by
applying the LC4MP, we extend the theoretical understanding of the
consequences of advertising blindness. We demonstrate its negative
impact on advertising storing and retrieval, thus highlighting not just its
effect on advertising encoding but also its consequences on subsequent
processing stages. In particular, we show how selective attention to
embedded advertising both directly and indirectly impacts storing and
retrieval. This expands the theoretical understanding of the process-
related consequences of advertising blindness (Bang & Wojdynski,
2016).

Additionally, our study shows that a higher sense of induced pres-
ence indirectly enhances brand recall through the mediation of atten-
tional vigilance. This result contributes to the existing body of research
in 3DVEs, where the relationship between presence and memory has
shown mixed evidence. Some studies suggested the existence of a
negative relation, arguing that increased presence lowers the ability to
recall secondary information (Grigorovici & Constantin, 2004; Roettl &
Terlutter, 2018), while others find no significant relationship (Vermeir
et al.,, 2014; Wang & Yao, 2020). Our findings diverge from previous
results, showing for the first time in 3DVEs that a heightened sense of
presence creates an environment conducive to heightened attention,
which facilitates advertising encoding and ultimately increases
embedded advertisement effectiveness. We argue that the discrepancy
in previous studies, particularly where a negative relationship between
presence and memory was observed, can be attributed to the peripheral
positioning of the sponsored brand. In these cases, the brand often
appeared as secondary elements like advertising banners or background
products. In contrast, our study places the sponsored product centrally
in the virtual environment, making it as significant as other objects. This
more direct approach to product placement may shift the focus from
secondary messages to part of the primary tasks, enhancing attention
and thereby improving advertising recall. This underscores the

) L | . Advertising
Attentional vigilance 0.098 * —»| Recognition
0.953* -:::Z‘ -Z::: 2978 ***
oos8 ) 0176
High presence
--------------------------------------------------------- »  Brand Recall
(vs. low presence)
I it ik i
INDUCED PRESENCE ENCODING STORING RETRIEVAL

Note: * p <.05; ** p < .01; *** p< 001

Fig. 4. Path model testing the effects of induced presence on brand recall.



M. Mandolfo et al.

importance of attentional vigilance in improving memory outcomes
related to advertisement processing.

5.2. Managerial implications

The present research offers practical recommendations for both
brands and platform owners. For brands considering the creation of
branded experiences in 3DVEs, our findings indicate that emphasizing
free-browsing can enhance the effectiveness of product placement.
However, we recognize that free-browsing may become less engaging
for users over time, as product placements in 3DVEs are part of a larger
branded experience that cannot depend entirely on free-browsing.
Therefore, we advise designing these branded experiences with a clear
overarching objective, while incorporating opportunities for free-
browsing. One approach is to set up interactive lobbies at the start of
the experience. These can serve as initial points of engagement, such as
during the loading of the main area, enabling users to freely interact
with the space while being exposed to embedded advertising. Another
approach involves incorporating breaks or free-browsing periods after
task completion to present embedded advertising effectively. This pause
can also create an association between the advertising content and
moments of user achievement, potentially enhancing the overall effec-
tiveness of the advertisement. Furthermore, building on our findings
that highlight the positive impact of multisensory stimulation on
advertising effectiveness, we suggest that brands should evaluate the
nature of environmental stimulation where their advertising content is
positioned. Choosing locations that provide a multisensory experience,
thereby fostering a stronger sense of presence, is anticipated to be more
effective than locations offering only visual stimuli.

For platform selling advertising space, understanding user behavior
can inform decisions on the placement and pricing of advertising spaces.
One strategy involves analyzing user behavior through real-time
behavioral metrics, such as tracking user movements in digital spaces
to identify high-traffic areas, especially during free-browsing sessions.
This data can enable platforms to offer consultancy services that advise
on the best locations for advertisements, using insights from historical
user interactions. Furthermore, this approach can lead to differentiation
or dynamic pricing strategies, adjusting advertising fees based on real-
time user flow. Additionally, our findings demonstrate that multisen-
sory environmental stimulation leads to higher advertising effective-
ness. Therefore, platforms can dynamically adjust their advertising fees
depending on whether users are engaging with audio features.

6. Limitations and future research

Despite the contributions of this research, its limitations need to be
acknowledged. The first limitation relates to our selection of the 3D
product placement. We limited our focus to one static 3D product
placement, controlling for its size, color, and congruence with the vir-
tual environment. These aspects may not demand substantial attention
and could be bypassed by goal-oriented users. Considering that previous
studies in 2D environments have theorized that variations in visual sa-
liency can affect advertising blindness (Resnick & Albert, 2014), future
research is called to investigate how characteristics like dynamism, color
schemes, and congruence can influence the effectiveness of embedded
advertising in 3DVEs. Also, an inherent limitation of our study is the
potential confounding effect caused by the dependency of task manip-
ulation (free-browsing vs goal-directed search) on the themes of the
environments (rap vs rock). While both environments were identical in
terms of size and product layout, with no significant differences in
perceived interactivity, appeal, and usability, the different themes could
have influenced the way users executed their tasks, possibly influenced
by their personal interests in the 3DVE. Since individual interest has
been shown to motivate browsing behavior and affect neurophysiolog-
ical responses in 3DVEs (Mandolfo et al., 2023), future research should
explore how personal interest in the content of these spaces might
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influence the effectiveness of advertising within them.

Second, our investigation was conducted using a desktop-based
3DVE. Existing evidence suggests that individual behaviors may differ
depending on the device used to interact with the 3DVE. For instance,
MeiBner et al. (2020) suggest that devices with varying degrees of
immersivity, such as head-mounted displays, can influence the range of
interactions and choices. Thus, our results may primarily apply to
desktop-based 3DVEs. Further empirical research is necessary to assess
the applicability of our findings across a variety of 3DVEs. Also, our
3DVEs did not involve user interactions with embedded advertising.
Given that previous studies in 2D environments have shown that in-
teractions between characters and advertised products can affect brand
recall (Kamleitner, & Khair Jyote, 2013), future research is called to
examine how user interactions with 3D product placements affect
advertising effectiveness.

Lastly, it is important to acknowledge that in our experiment, the
direct measurement of perceived realism in the presence or absence of
audio was not included. This constitutes a limitation, as the level of
realism can significantly influence participant engagement. Future
research could explore this aspect further by incorporating measures of
perceived realism and comparing them with attention outcomes in more
varied auditory conditions.
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