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Abstract

As AI recommendation systems become increasingly important in consumer decision-
making, leveraging sound cues to optimize user interaction experience has become a key
research topic. Grounded in the theory of perceptual contagion, this study centers on sound
cues in AI recommendation scenarios, systematically examining their impact on consumer
choice and choice satisfaction, as well as the underlying psychological mechanisms. Study
1 (hotel recommendation, N = 155) demonstrated that embedding sound cues into rec-
ommendation interfaces significantly increased consumer choice and choice satisfaction.
Study 2 (laptop recommendation, N = 155) further revealed that this effect was mediated
by preference fluency. Contrary to expectations, AI literacy did not moderate these ef-
fects, suggesting that sound cues exert influence across different user groups regardless of
technological expertise. Theoretically, this study (1) introduces the theory of perceptual
contagion into AI-human interaction research; (2) identifies preference fluency as the core
mediating mechanism; and (3) challenges the traditional assumptions about the role of AI
literacy. Practically, this study proposes a low-cost and highly adaptable design strategy,
providing a new direction for recommendation systems to shift from content-driven to
experience-driven. These findings enrich the understanding of sensory influences in digital
contexts and offer practical insights for optimizing the design of AI platforms.

Keywords: AI recommendation systems; sound cues; contagion; preference fluency

1. Introduction
With the rapid development of artificial intelligence (AI), AI-driven recommendation

and search functions have been deeply integrated into consumers’ daily shopping experi-
ences [1–3]. Taobao, one of the largest online shopping platforms in China, took the lead
in introducing the Deep-Thinking function for shopping search. This trend indicates that
AI is not only promoting technological upgrading but also reshaping digital consumption
scenarios [4,5]. However, improvements in algorithmic accuracy do not always translate
into better consumer experiences. Faced with large volumes of recommendations and
limited attention, consumers increasingly rely on the design of recommendation systems
to facilitate efficient decision-making [6]. Consequently, scholars have emphasized that
system effectiveness depends not only on accuracy but also on users’ sensory experiences
during interactions [7,8].

Sensory marketing research has confirmed that external sensory stimuli affect con-
sumers’ perceptions, judgments, and behaviors [9], such as visual [10–12], linguistic [13–16],
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and tactile cues [17,18]. As a sensory channel characterized by high contextual adaptability
and subconscious influence, auditory stimuli have been especially influential [19]. When
examining the impact of auditory input on customers, existing studies have primarily
focused on two types of sound cues: linguistic content features (i.e., text-based speech
styles) and non-linguistic auditory features (i.e., non-linguistic, purely acoustic character-
istics of sound) [20–22]. While the majority of prior research has centered on linguistic
content features [23,24], there remains a lack of theoretical development and empirical
evidence regarding how nonverbal auditory features—such as acoustic and perceptual
attributes—affect decision-making processes [23]. Although these nonverbal sounds do
not convey explicit semantic information, they may serve psychological functions such as
providing contextual cues or evoking familiarity, thereby exerting unconscious influences
on consumer choice and choice satisfaction. In particular, within AI recommendation sys-
tems, nonverbal sound cues—such as task-related ambient sounds familiar to users—have
not been systematically examined in terms of their underlying psychological mechanisms
and behavioral consequences. Based on this, this study puts forward the core question: In
AI recommendation systems, can non-linguistic auditory features enhance users’ choices
and choice satisfaction?

To address this question, we adopt the perceptual contagion theory as the theoretical
foundation. The theory suggests that individuals may subconsciously project attributes of
sensory stimuli onto associated objects, thereby shaping evaluations [25]. Existing studies have
shown this in food and health perceptions [26,27], and in brand impressions shaped by product
packaging [28,29]. In fact, there have long been signs of the impact of sound on consumer
behavior in real life. For example, studies have shown that background music in catering
environments can change consumers’ ordering preferences [30–32], and ambient sounds
in retail scenarios can increase customers’ dwell time and purchase intention [33,34]. In a
similar way, sound cues in digital shopping platforms may “transfer” attributes to AI systems,
enhancing processing fluency and influencing user behavior [35]. Furthermore, considering
that individuals’ understanding and psychological expectations during AI interactions may
vary significantly [36], this study includes users’ AI literacy as a moderating variable in the
analytical model to examine its role in shaping the effect of nonverbal sound cues.

In sum, this study designs two online experiments: (1) to investigate whether AI-
generated recommendations embedded with sound cues influence consumers’ choice and
choice satisfaction; and (2) to explore the underlying mediating mechanisms and boundary
conditions. This study has dual important values in both theory and practice. Theoretically,
it is the first to systematically apply the perceptual contagion theory to AI recommendation
contexts, revealing how sound cues shape users’ evaluations through subconscious sensory
associations. Practically, the findings provide empirical support for low-cost, low-disruption
auditory design strategies that can be widely adopted in AI recommendation systems. These
insights offer systematic guidance for intelligent recommendation, cross-platform user experi-
ence optimization, and personalized interface design.

2. Theoretical Background
2.1. Sound Cues

Sound, as one of the most socially attribute sensory channels of humans, has a pro-
cessing process that is highly automated and difficult to shield [19]. As a highly social
prompt signal, sound can quickly attract individual attention, activate situational pro-
cessing mechanisms, and further influence attitude and behavior judgments [37]. Among
non-verbal auditory features, sound has two basic types of characteristics: acoustic and
perceptual. Acoustic features refer to the physical characteristics of the sound itself [38],
while perceptual features refer to the listener’s perception and cognition [39]. In consumer
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behavior research, a large number of studies have shown that sound cues can significantly
affect consumers’ cognition and behavior. For example, the rhythm and volume of music
can affect consumers’ perception [32,40], shopping rhythm [41], dwell time [42,43], and
consumption amount [33]; music types can also change consumers’ choices [30,31] and
purchase intentions [34]. These studies show that even if sound does not carry explicit
semantic information, it can affect consumers’ judgments and choices. In contrast, in
the fields of AI and human–computer interaction, existing studies have focused more on
language content features or acoustic features. For example, Efthymiou et al. (2024), Guha
et al. (2023), and Natale & Cooke (2021) explored how speech content and style affect
users’ attitudes and trust in AI assistants [35,44,45]; Efthymiou found that acoustic features
such as intonation and speaking style affect people’s evaluation and attitude towards
robots [35,46]. It is worth noting that sound cues at the level of perceptual features have
received little research attention in the context of AI interaction. However, such perceptual
features also play a key role in users’ cognition and judgment, because this is the key
channel through which sensory cues “infect” users’ psychology [47]. Table 1 shows an
overview of sound influences in consumer behavior.

Table 1. Overview of Sound Influences in Consumer Behavior.

Authors & Year Key Variables Theoretical Framework Methodology Key Findings Research Gaps

Huo et al., 2025 [23]
Service robot voice

vividness; service failure
tolerance

Affordance Theory +
Expectation Violation

Theory
Experiment

High voice vividness
reduced tolerance; high

cuteness mitigated
negative effect

Voice vividness
definition and scale not
fully developed; gender

& voice-appearance
congruence not tested;

external validity limited

Liu et al., 2024 [48]

Linear vs. nonlinear
stories; hotel positioning

(experience vs.
utilitarian)

Narrative
Transportation Theory +

Parasocial Interaction
Theory + Meaning

Construction Theory

Experiment

Nonlinear stories fit
“fun” hotels; linear

stories fit
“comfortable/safe”

hotels; stories should
match hotel personality

Sample limited to
students; cultural and

age differences not
measured; no tracking of

long-term booking
behavior

Efthymiou et al., 2024
[35]

Vocal tract length on
purchase behavior

Sound Symbolism
Theory + Biological

Information Dimension
Theory

Experiment

Lower-pitched voices
increased burger clicks;

voice-product
congruence promoted

purchase

Conducted only in
UK/US and with two

product types

Anglada-Tort et al., 2022
[34]

Familiar music on brand
choice Recognition Heuristic Experiment

Familiar music
enhanced brand

attention; disliked
familiar music had no

effect

Brands and music were
novel; gap with real
shopping scenarios

Yang et al., 2022 [33]
Music tempo × math
anxiety on shopping

choice
None (no full model) Experiment

Slow music reduced
anxiety and promoted
rational shopping; fast
music increased panic

Sample limited to
students; music type
narrow; only small

products tested

Douce et al., 2022 [41] Music-goal congruence
Crossmodal

Correspondence Theory
+ Shopping Goal Theory

Experiment

Congruent music
improved shopping

enjoyment and
spending; incongruent

music negatively
affected goal-oriented

shoppers

Single fashion e-shop;
limited music types

Peng-Li et al., 2022 [31] Sound on food choice None Online LFPQ
questionnaire

Ocean sounds increased
healthy choices; noisy

restaurant sounds
increased

fast/unhealthy choices

Online only; young
sample; no

differentiation of sweet
vs. savory

Motoki et al., 2022 [30] Music on food choice &
emotion None Experiment

Classical music
increased sweet choice;
jazz/classical increased

vegetables;
rock/hip-hop increased

indulgent foods;
emotion mediated effect

Real purchases not
measured;

tempo/volume not
separated; limited music

types

Peng-Li et al., 2021 [49] Music on healthy food
choice

Crossmodal
Correspondence Theory
+ Dual-Process Decision

Model

Experiment

Healthy music increased
attention and selection

of healthy foods;
cross-culturally valid

Laboratory only; real
store behavior not

measured; music vs.
ambient noise not

separated
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Table 1. Cont.

Authors & Year Key Variables Theoretical Framework Methodology Key Findings Research Gaps

Daunfeldt et al., 2021
[40]

Staff-selected music on
sales None

Difference-in-
differences with real

sales data

Staff-chosen songs
reduced women’s

clothing sales; no effect
on men

Single store in Sweden;
one retail context

Huang & Labroo, 2020
[32]

High-pitched music on
healthy choice

Conceptual Metaphor
Theory Experiment

High-pitched music
promoted healthy food
choice via “doing good”

mindset

Only instrumental
music tested; long-term
effects unknown; other
domains not measured

Peng-Li et al., 2020 [43] Cultural congruent
music on food choice Music Fit Theory Experiment

Culturally congruent
music increased

corresponding food
choice; eye-tracking

validated

Individual differences
(personality/BMI) not

measured; music
familiarity survey

insufficient

Van Zant & Berger, 2020
[50]

Perceptible sound &
confidence None Experiment

Loud/highly dynamic
sounds increased

persuasion

Only recommendation
tasks; English speakers;
cross-linguistic/cultural
generalization untested

Ketron & Spears, 2019
[51] Store name loudness Crossmodal

Correspondence Experiment

Larger-sounding store
names elicited
excitement and

spending

Only simulated with
text/images; real

pronunciation not tested;
limited scope

Ziv, 2018 [52] Music on taste
preference

Crossmodal
Correspondence +

Primacy Effect
Experiment

Listening to preferred
music increased liking
of first cookie; music

influenced first
impressions

Single sweet cookie;
student sample;

headphone-only music

Spendrup et al., 2016
[53]

In-store sound-product
congruence

Environmental
Psychology +

Congruence Theory
Experiment

Birdsong increased
purchase of organic

vegetables in
low-interest males;
females unaffected

One bird sound; one
vegetable; one store

North et al., 2016 [54] Music on memory &
choice “Little lightbulb” theory Experiment

Music-product match
enhanced memory and

purchase intention

Student sample; limited
playlists

Vermeulen &
Beukeboom, 2016 [55]

Music on cheap product
purchase

Classical Conditioning +
Evaluative Conditioning Experiment

Music slightly increased
purchase of cheap
products without
changing product

ratings

Young, educated sample

Feng et al., 2014 [42] Music + color on
purchase

Bettman & Park
two-stage cognitive

model
Lab + field experiment

High pitch + light color
or low pitch + dark color

attracted casual
browsers; serious buyers

unaffected

Online only; visual
variables limited

Brodsky, 2011 [56] Music-brand match Design Language Experiment

Music following brand
design grammar

enabled recognition; low
cultural differences

Short music clips; small
sample; limited brands

Redker & Gibson, 2009
[57]

Music preference on
purchase

APE Model (Implicit vs.
Explicit Attitudes)

Experiment + IAT +
Logistic Regression

Liking music increased
brand preference and

purchase; implicit
attitude predicted better

Short exposure; extreme
taste sample; single

product category

Hahn & Hwang, 1999
[58]

Music tempo/familiarity
on memory

Resource Matching
Theory Experiment

Medium tempo +
familiar old songs best

remembered

College students only;
classical music;

short-term recall

2.2. Perceptual Contagion Theory

Perceptual contagion theory refers to the transfer of attributes from one object to
another through brief or superficial contact [25]. It explains that the attributes carried by
external stimuli can be transferred to another object in a brief sensory presentation, thereby
influencing one’s own judgments and decisions. In a consumption context, this means that
individuals may attribute the characteristics of sensory cues to the products or services
they are evaluating. For example, in an auditory scenario, if the background sound has a
soft and warm tone, users may unconsciously project this gentle attribute onto the product
itself, believing it to be more reliable or trustworthy; conversely, if the sound is sharp or
rapid, users may attribute this “tense” characteristic to other products [33]. In the context of
AI recommendation systems, users often cannot directly infer the reliability or credibility of
the system based solely on the content [59]. Therefore, they rely more on peripheral sensory
cues to form an overall perception [8]. Even without explicit semantic meaning, these
sound cues can automatically trigger associations and “project” their implied qualities onto
the system, shaping perceptions of its reliability, thoroughness, or trustworthiness [31].
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Other theories, such as Embodied Cognition Theory, also link sensory input to cogni-
tive behavior. This theory emphasizes that cognition is grounded in bodily experience—that
is, mental processes are shaped by physical sensations, motor actions, or interactions with
the environment [8]. By contrast, the perceptual contagion theory can directly illustrate how
sound, as a highly social sensory stimulus, attaches psychological attributes to AI systems,
thereby affecting users’ choices and satisfaction. This kind of psychological projection does
not stem from the recommended content itself but is driven by the psychological impres-
sions evoked by sensory stimuli. It precisely reflects the core mechanism of the Perceptual
Contagion Theory regarding how external stimuli influence internal projection [60].

3. Hypothesis Development
3.1. Sound Cues as Main Effect

Non-linguistic sound cues can subtly influence consumers’ decision-making behaviors
in traditional consumption contexts [31]. These cues often function without users’ awareness
but can significantly affect individuals’ perceptions and preferences [30,61]. According to the
theory of sensory contagion, external sensory inputs can activate individuals’ existing psycho-
logical associations, and the psychological meanings of these associations are then projected
onto relevant objects, thereby influencing cognitive evaluations and behaviors [25,62]. Extend-
ing this theoretical perspective to the AI-driven human–computer interaction environment,
sounds in the interface also have significant psychological activation functions [23]. On the
one hand, such sound cues can indicate the current operational status or interaction progress
of the system, thereby reducing users’ cognitive uncertainty when facing complex algorithms;
on the other hand, sound cues may activate users’ social psychological associations to improve
their overall satisfaction with the system [20]. The occurrence of this effect does not depend on
changes in the recommended content itself but is driven by the sensory contagion mechanism
activated by sound cues. Even if the recommended content remains unchanged, sound cues
can act as perceptual triggers to affect users’ choices and satisfaction. Therefore, in a complex
and opaque algorithmic environment, it is difficult for users to directly evaluate the reasoning
process of the system. At this time, sound cues, as an alternative source of information,
provide users with potential decision-making cues, thereby influencing their choice behaviors
and evaluation results of system recommendations. Based on this, this paper puts forward
the following research hypotheses:

H1. Embedding of (vs. absence of) sound cues in AI recommendation systems will lead to better
decision outcomes.

3.2. Preference Fluency as Mediating Effect

Preference fluency refers to the subjective feeling of psychological ease experienced
by individuals during the formation of preferences and decision-making. It manifests as
rapid judgments, decisive choices, and reduced cognitive load [63]. Previous research
has demonstrated that the sensation of “rightness” experienced during decision-making
often stems from the fluency of cognitive processing [64]. The more smoothly users can
process the information they receive, the higher their willingness to accept it. [65,66], and
this will also improve their evaluation [67]. Whether it is visual advertising elements [68]
or musical stimuli [69], when the information is more fluent, the individual’s probability of
choice increases. This indicates that sensory cues can enhance individual choices through
fluency [70]. We believe that sound cues can trigger a specific type of fluency, namely
preference fluency. This arises when the selection of options is not so difficult or requires
little effort [67,71]. In AI recommendation interactions, non-verbal sound cues, as a kind of
sensory input with situational suggestive effects, may unconsciously enhance the fluency
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of users’ information processing. Specifically, when users receive auditory stimuli in the
interface, they may interpret this sensory experience as a positive cue for the product type,
thereby triggering a metacognitive experience—i.e., that the choice is easy (preference
fluency)—which in turn influences the decision-making process. Although this experience
may not be explicitly perceived by users, it can still simplify the judgment process, reduce
cognitive load, and enhance preference certainty, thus manifesting as a higher level of
preference fluency.

From the perspective of contagion by perception theory, the enhancement of processing
fluency does not occur in isolation but is often triggered and regulated by external sensory
inputs. Sound, as an initial sensory input, activates individuals’ perceptual processing
system, thereby eliciting positive psychological associations [72]. This kind of association is
projected into interactive scenarios, thereby enhancing the fluency of individuals’ judgment.
When users experience clear preferences and easy choices, their willingness to adopt
recommendations increases, while the possibility of hesitation and rejection decreases. It
can be seen from this that the influence of sound cues on consumers’ judgment may not
only directly affect decision-making results, but also indirectly act by improving preference
fluency. Based on this, the following hypothesis is proposed:

H2. Preference fluency mediates the effect of sound cues on decision outcomes. Sound cues enhance
consumers’ preference fluency during the interaction process, which in turn increases their consumer
choice and choice satisfaction.

3.3. AI Literacy as Moderator Effect

AI literacy reflects an individual’s cognitive understanding, usage ability, and psy-
chological acceptance of AI technology [73]. When consumers possess higher AI literacy,
they generally have a deeper understanding of the AI system’s operating mechanisms,
response logic, and interaction design [36]. This understanding leads them to interpret
system behaviors and interface elements from a functional or instrumental perspective.
For instance, they may perceive sound cues as design elements intended to enhance user
experience rather than as social or emotional interaction signals. Consequently, sound
cues are less likely to evoke embodied contextual associations in their cognitive processing,
resulting in a relatively weaker effect on preference fluency. In contrast, individuals with
lower AI literacy tend to be less familiar with the structure and logic of AI systems and
lack stable knowledge frameworks to rationally analyze system performance. During the
decision-making process, these users are more likely to rely on intuitive, concrete sensory
cues to interpret and evaluate the AI system’s capability or attitude [36]. Due to insuffi-
cient understanding of AI recommendation mechanisms and limited systematic processing
ability, they are more susceptible to interference from non-core information, which reduces
preference fluency and weakens the coherence and confidence of their judgments. There-
fore, users’ AI literacy levels may moderate the effect of sound cues on preference fluency.
Specifically, individuals with lower AI literacy are more vulnerable to contagion by the
contextual associations triggered by sound cues, thereby disrupting the fluency of their
cognitive processing. Conversely, under higher AI literacy conditions, individuals show
reduced sensitivity to sound cues, weakening the influence of the contagion mechanism.
Based on this reasoning, the following hypothesis is proposed:

H3. AI literacy moderates the effect of sound cues on decision outcomes. Specifically, when AI
literacy is high (vs. low), the effect of sound cues will be amplified.



J. Theor. Appl. Electron. Commer. Res. 2025, 20, 243 7 of 18

3.4. Research Framework

Our experiment focuses on an operational sound with strong task symbolism—the
mechanical keyboard typing sound—as a concrete form of manipulation. Although such
sounds are often overlooked in digital interfaces, they carry strong social signaling functions
that may subconsciously evoke positive associations toward the system, thereby influencing
consumer choice and choice satisfaction. Unlike melodic background music, the mechanical
keyboard sound lacks rhythmic and emotional qualities, making it unlikely to directly
affect consumer attitudes through emotional pathways. Furthermore, this sound does not
possess mood-inducing or ambiance-creating functions, thereby excluding the possibility
of behavior preference driven by pleasure. Figure 1 illustrates the complete research
framework. The subsequent content presents two situational experiments designed to test
the theoretical hypotheses. Experiment 1 employs a two-group design to compare the
impact of sound cues on consumer decision outcomes (H1). Experiment 2 examines the
mediating role of preference fluency and the moderating role of AI literacy (H2/H3). All
experimental protocols see Appendix A.

Figure 1. Research Framework.

4. Study 1
4.1. Overview

Study 1 aims to investigate whether embedding mechanical keyboard sound cues in
AI recommendation systems significantly affects consumers’ consumer choice and choice
satisfaction.

4.2. Method
4.2.1. Participants

We used G*Power 3.1 software to calculate the minimum required sample size [74]. The
parameters were set as follows: effect size = 0.25, α = 0.05, and power = 0.80, resulting in a
minimum sample size of 128 participants across two groups. A total of 160 online users with
prior experience using AI voluntarily signed up and participated in the study. Recruiting
participants with prior AI experience ensured that they had sufficient familiarity with AI-based
systems, which allowed them to provide more valid and contextually relevant evaluations
of the experimental scenarios. To ensure data quality, we first conducted a manipulation
check to verify whether participants noticed the sound cues. Participants who failed the
manipulation check, as well as those with excessively short response times or who did not
follow experimental instructions, were excluded. In total, 20 participants were removed,
resulting in a final valid sample of 140 participants (Mage = 33.92, SD = 11.96. Mfemale = 57.86%).
Experiment 1 employed a single-factor (sound cues: presence vs. control) between-subjects
design. Participants were randomly assigned to two groups (NPresence = 73, Ncontrol = 67). No
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significant differences in gender, age, or academic background were found between the groups
(p > 0.05).

4.2.2. Procedure and Measures

This study adopted a single-factor, two-level (sound cues: presence vs. control)
between-subjects experimental design, referencing the design by Schindler et al., (2024) [63].
All experimental materials were approved by the Ethics Committee of Liaoning University
of Technology (No. 20250630). Two senior scholars and one industry expert conducted a
rigorous review and approved the materials. Before the experiment, each participant was
fully informed of the study’s purpose. The experiment officially began after participants
signed informed consent forms. Participants were randomly assigned to one of two
conditions: the sound cues group or the control group. They were instructed to imagine
that they intended to have an AI recommendation system suggest suitable hotels for travel
and accommodation. Next, participants watched a pre-recorded video simulating the AI
recommendation system suggesting hotels based on various attributes such as price, star
rating, and location. To enhance ecological validity, each participant viewed two rounds of
hotel recommendation content. Both groups received identical recommendation content;
the only difference was the presence or absence of sound cues. To ensure the standardization
of experimental stimuli, the video playback duration was fixed at 15 s, the volume of sound
cues was uniformly calibrated, and background noise was kept at a negligible level to avoid
interfering with participants’ perception. The mechanical keyboard typing sound was
used as the specific manipulation of the sound cues. In the sound cues group, participants
saw the AI system continuously outputting recommendation results accompanied by
ongoing mechanical keyboard typing sounds, conveying the perception that the “system is
carefully processing information.” In the control group, the sound cues were completely
removed, and participants only saw the AI system outputting recommendation results.
After watching the video, the manipulation check was conducted by asking participants:
“Did you notice the mechanical keyboard typing sound during the AI recommendation
video?” (binary choice: 0 = No, 1 = Yes). Subsequently, following prior research in human–
computer interaction, consumer choice was measured using a single-item, seven-point
Likert scale (i.e., “How likely are you to choose this product?”) [28]. Choice satisfaction
was assessed via a three-item, seven-point Likert scale (1 = strongly disagree, 7 = strongly
agree), including items such as “I am satisfied with my choice” (Cronbach’s α= 0.85)
[63,75]. Considering prior research indicating that domain-specific expertise may influence
judgments and choices, we included a single-item seven-point Likert scale measuring
participants’ expertise as a control variable [76,77]. Finally, demographic information such
as gender, age, and education level was collected, and the experiment concluded.

4.3. Result and Discussion

We conducted ANCOVA analyses with sound cues as the independent variable, consumer
choice and choice satisfaction as dependent variables, and participants’ expertise as a covari-
ate. The results indicated that, after controlling for expertise, the presence of sound cues had a
significant effect on both consumer choice and choice satisfaction. Specifically, compared to AI
recommendations without sound cues, users showed a stronger preference for AI recommen-
dations with sound cues (Mpresence = 5.96, SD = 1.07 vs. Mcontrol = 4.43, SD = 1.62; F(1138) = 31.41,
p < 0.001, η2 = 0.44), and choice satisfaction was also significantly higher (Mpresence = 5.60, SD = 1.03
vs. Mcontrol = 4.51, SD = 1.25; F(1138) = 20.56, p < 0.001, η2 = 0.49). In both models, the covariate
expertise did not have a significant effect on the dependent variables (p > 0.05). This suggests
that participants’ level of domain knowledge had minimal influence on the outcomes, and the
main effects observed in the model are unlikely to be confounded by this variable. These findings
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support Hypothesis 1. The effects of sound cues on consumer choice and choice satisfaction are
illustrated in Figure 2.

Figure 2. Impact of sound cues on choice and choice satisfaction. (Notes: * p < 0.05, ** p < 0.01, *** p < 0.001).

This study found that, compared to AI assistants without sound cues, those with
sound cues not only influenced consumers’ consumer choice but also enhanced users’
choice satisfaction, thereby confirming the role of sound cues in affecting user decision
outcomes and supporting Hypothesis 1. Next, we will further investigate the mediating
and moderating mechanisms underlying this effect.

5. Study 2
5.1. Overview

This experiment aims to test whether the effect of sound cues on decision outcomes is
mediated by preference fluency and moderated by AI literacy.

5.2. Method
5.2.1. Participants

The method of Study 2 was similar to that of Study 1, differing only in the contextual
setting of the experimental materials. A new set of 197 online users voluntarily participated
in this study. The participants are still a broad range of ordinary consumers. Consistent
with Study 1, we employed the same manipulation check items to ensure the validity of the
experimental treatment. After excluding 42 participants who failed the manipulation check,
provided excessively short responses, or did not follow the experimental instructions. The
final valid sample comprised 155 participants (Mage = 34.57, SD = 13.35, Mfemale = 51.60%).
Study 2 employed a single-factor between-subjects design, with participants randomly
assigned to two groups (NPresence = 85, Ncontrol = 70). No significant differences in gender,
age, or academic background were found between the groups (p > 0.05).

5.2.2. Procedure and Measures

Participants in this study watched a pre-recorded video of an AI recommendation
system suggesting configurations for laptops. After completing the manipulation check,
participants were asked to complete the same self-report measures of consumer choice and
choice satisfaction as in Study 1 (Cronbach’s α = 0.84). Unlike Study 1, participants were
then required to complete measures for the mediator and moderator variables. Preference
fluency was assessed using a three-item, seven-point Likert scale adapted from Schindler
et al., (2024) [63]; Novemsky et al., (2007) [71] (e.g., “It was easy for me to evaluate different
options,” Cronbach’s α = 0.89). AI literacy was measured using an 11-item, seven-point
Likert scale adapted from Wang et al., (2023) [73] (e.g., “I can identify the AI technologies
used in the applications and products I use,” Cronbach’s α = 0.96). Additionally, the same
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control variables as in Study 1 were included. Finally, demographic information was
collected, and the experiment concluded.

5.3. Result
5.3.1. Main Effect Analysis

We conducted ANCOVA analyses with sound cues as the independent variable,
consumer choice and choice satisfaction as dependent variables, and participants’ expertise
as a covariate. As shown in Figure 3, after controlling for expertise, sound cues had a
significant effect on users’ consumer choice (Mpresence = 5.89, SD = 1.16 vs. Mcontrol = 3.96,
SD = 1.42; F(1153) = 65.53, p < 0.001, η2 = 0.52). Choice satisfaction was also significantly
higher in the sound cues group compared to the control group (Mpresence = 5.60, SD = 1.28 vs.
Mcontrol = 4.33, SD = 1.21; F(1153) = 21.76, p < 0.001, η2 = 0.55). In both models, the covariate
expertise did not have a significant effect on the dependent variables (p > 0.05). This result
is consistent with Study 1, indicating that the effect of sound cues does not change due to
differences in users’ professional proficiency. Thus, the results provide further support for
Hypothesis 1.

Figure 3. Impact of sound cues on choice and choice satisfaction. (Notes: * p < 0.05, ** p < 0.01, *** p < 0.001).

5.3.2. Mediation Effect Analysis

To test the mediating role of preference fluency between sound cues and decision out-
comes, we analyzed the effect of sound cues on preference fluency. The results showed a
significant effect of sound cues on preference fluency (Mpresence = 4.98, SD = 1.31 vs. Mcontrol = 3.86,
SD = 1.46; F(1195) = 42.78, p < 0.001, η2 = 0.15). Subsequently, a mediation analysis was con-
ducted using 5000 bootstrapped samples (PROCESS, Model 4) [78]. The results indicated that
sound cues influenced consumer choice and choice satisfaction through preference fluency
(β = 0.61; BootSE = 0.14; CI95% = [0.34, 0.89]). Given the significant direct effect, preference fluency
partially mediated the impact of sound cues on user consumer choice and choice satisfaction, as
illustrated in Figure 4. These findings collectively supported Hypothesis 2.

5.3.3. Moderator Effect Analysis

A bootstrap method was used to test the moderating effect of AI literacy (PROCESS Model
7) [78]. In this model, sound cues served as the independent variable, decision outcomes as the
dependent variable, preference fluency as the mediator, and AI literacy as the moderator. The
results indicated that the interaction between sound cues and AI literacy did not significantly
affect preference fluency (β = 0.05; BootSE = 0.08; CI95% = [−0.11,0.21]; p = 0.54). Examination
of the conditional indirect effects showed that the indirect effect slightly increased with higher
levels of AI literacy (− 1 SD: β = 0.13, BootSE = 0.16, CI95% = [−0.20, 0.43], M: β = 0.17; BootSE
= 0.10, CI95% = [−0.02,0.38]; + 1 SD: β = 0.22, BootSE = 0.12, CI95% = [0.15,0.48]). Although there
are slight differences in the impact of voice cues on consumers’ choices and choice satisfaction
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across different levels of AI literacy, combined with the results of statistical analysis, AI literacy
does not significantly moderate the impact of voice cues on choices and choice satisfaction. Thus,
Hypothesis 3 was not supported.

Figure 4. Mediation effect on choice and choice satisfaction. (Notes: * p < 0.05, ** p < 0.01, *** p < 0.001).

5.4. Discussion

Study 2 focused on the mediating and moderating mechanisms of sound cues in
the user decision-making process. The results demonstrated that sound cues significantly
enhanced participants’ consumer choice behavior and choice satisfaction, thereby providing
further support for Hypothesis 1. Subsequent analyses revealed that sound cues partially
influenced these outcomes through the enhancement of preference fluency, confirming
Hypothesis 2.

However, Hypothesis 3—which proposed that AI literacy would moderate the effect of
sound cues on preference fluency—was not statistically supported. Although we expected
AI literacy to moderate the impact of sound cues on preference fluency, no significant
moderating effect was observed. This finding suggests that in the current interaction
context, non-linguistic auditory features of sound cues may influence cognitive processing
in an automatic manner, such that even users with higher AI literacy find it difficult to fully
filter out the psychological effects of these non-linguistic sensory inputs. This implies that
the influence of non-linguistic sound cues may have a generalizable effect across individual
differences, with their impact pathway being less susceptible to modulation by cognitive
ability or knowledge background. Overall, Study 2 validated the pathway through which
sound cues affect user decision-making via preference fluency, while revealing the limited
moderating role of AI literacy.

6. General Discussion
6.1. Summary and Interpretation of Key Findings

This study, with the perceptual theory as the core framework, explores the psychologi-
cal mechanisms and behavioral outcomes of nonverbal sound cues in AI recommendation
systems. Unlike existing research that mainly focuses on salient cues such as interface
language and recommendation transparency [20,59], this paper proposes a pathway to
optimize users’ psychological experiences through sensory inputs, highlighting the percep-
tual basis for the transformation of AI systems from mere functional tools to experiential
platforms. This interdisciplinary perspective not only enriches the applicability of sensory
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marketing in digital contexts but also injects a user-experience-centered sensory strategy
logic into the design philosophy of AI recommendation systems. Through two controlled
experiments, the study empirically tests three core research questions, aiming to provide
theoretical support and practical insights for the interactive design of intelligent recommen-
dation systems.

First, this study is the first to introduce the theory of perceptual contagion theory into
the field of human–computer interaction. The results of Study 1 demonstrate that, compared
to recommendation interfaces without auditory prompts, AI recommendation systems
incorporating non-linguistic auditory feature-based sound cues significantly enhance users’
consumer choice and choice satisfaction. This finding supports the notion that sensory
inputs influence AI interactions not only through informational content but also via subtle
guidance from the external sensory environment [79]. In contrast to embodied cognition
theory [8], which emphasizes effects arising from bodily sensations, the sound cues in our
study—completely independent of any physical association—still influenced consumer
preferences. Furthermore, these cues contained no distinctive semantic or symbolic content,
yet they elicited positive responses to AI recommendations. Together, these results imply
that, in AI-mediated contexts, perceptual contagion operates through automatic cognitive
penetration rather than bodily simulation or sound symbolism, underscoring its potential
as a broadly generalizable and widely applicable mechanism.

Second, the impact of sound cues on choices and satisfaction is indirectly achieved
by enhancing preference fluency. Study 2 further reveals that sound cues reshape users’
subjective experience of the recommendation process in a contextualized and perceptual
manner, facilitating the faster formation of preference judgments and behavioral decisions.
The findings suggest that subtle sensory inputs can activate fluency mechanisms within the
user’s information processing system—without being explicitly noticed—thus triggering a
feeling of “rightness” [63], which in turn increases both acceptance of and satisfaction with
the recommendation. This result expands the explanatory scope of perceptual contagion
theory. Prior research has primarily focused on the direct transmission of affective cues such as
pleasure [80], warmth [81], or anger [82], through emotional projection or mimicry [83,84]. In
contrast, the present study proposes a more cognitively grounded form of indirect contagion—
sound cues enhance the fluency of information processing, leading users to form more
favorable perceptions of the recommendation system, thereby eliciting clearer and quicker
preference formation. This adds a new cognitive dimension to the perceptual theory, indicating
that it does not necessarily require strong emotional or semantic content; its subtle influence
can be realized through the perceived fluency in the cognitive processing process.

Finally, this study found no significant moderating effect of AI literacy. It is generally
believed that users with high literacy possess stronger abilities in information filtering and
rational control [36], and thus are less likely to be influenced by sensory cues. In the interaction
context established in this study, sound cues may have entered users’ cognitive processing
pathways in an automatic fashion, thereby exhibiting a generalizable effect across different
levels of cognitive ability. Even when users have superior skills in recognizing and processing
information, sensory inputs can still permeate their cognitive systems and exert influence.
This counterintuitive finding extends the applicability of perceptual contagion theory to
AI-mediated contexts and offers valuable theoretical insights into how sensory inputs may
bypass individual difference variables. It prompts a reconsideration within the human–AI
interaction field of how technological literacy is conceptualized and evaluated.

6.2. Theoretical Contributions and Implications

This study offers a systematic theoretical foundation for the application of AI tech-
nologies in digital marketing contexts. First, this study expands the applicable boundary of
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perceptual contagion theory in the field of human–computer interaction. Existing research
has mostly focused on linguistic auditory features [23] or has been limited to acoustic at-
tributes directly related to products [35], while systematic investigations into non-linguistic
sounds with no clear semantics remain scarce. At the same time, prior studies on non-
linguistic sounds have mainly centered on traditional consumption contexts, such as dining
or retail environments [30,33], with little attention paid to the digital interaction context
of AI recommendation. By introducing sound cues into AI recommendation system ex-
periments, this study verifies their positive effects on choice intention and satisfaction,
thereby responding to the call by Anglada-Tort et al. (2022) [34] that “non-semantic sounds
need to be validated in more decision-making scenarios.” Accordingly, this study not only
fills the research gap concerning non-linguistic auditory features in AI contexts but also
extends perceptual contagion theory from traditional product or environmental cues to
digital scenarios.

Second, this study refines the cognitive pathway explanation of perceptual contagion
theory. Previous research on the mechanisms of sound cues has largely emphasized
emotional mediation [30,31], while giving insufficient attention to cognitive mediators.
Even when cognitive mechanisms were considered, they often remained at a general
level [65] without focusing on the critical stage of preference formation. Although Schindler
et al. (2024) [63] highlighted the link between preference fluency and choice satisfaction,
they did not examine its connection with non-linguistic sound cues. Through experimental
evidence, this study demonstrates that preference fluency serves as the core mediator in
the effect of sound cues on decision-making: sound enhances individuals’ psychological
ease in forming preferences and making choices, thereby indirectly improving decision
outcomes. This finding responds to Novemsky et al. (2007) [71]’s call for more evidence
on the external triggers of preference fluency and supplements the explanatory power of
perceptual contagion theory from a cognitive perspective.

Third, we revised the moderating hypothesis regarding AI literacy in the context of sensory
cue effects. Previous research has suggested that individuals with high AI literacy are better
able to rationally filter peripheral cues [36,44]. However, our findings indicate that AI literacy
does not significantly moderate the pathway through which auditory cues influence decision
outcomes, suggesting that such auditory effects are automatic and difficult to filter even for
highly literate individuals. This result not only fills the empirical gap in understanding the
interaction between AI literacy and sensory cues but also challenges the mainstream assumption
that “higher literacy weakens the effect of peripheral cues.” It further responds to Hermann’s
(2022) speculation that “sensory cues may bypass cognitive control.” [85]. At the same time, this
study demonstrates that perceptual contagion effects exhibit cross-individual universality in
digital interactions, thereby extending the theoretical boundaries of the concept and offering
practical implications for recommendation system design.

6.3. Implications for Practice

This study offers innovative and practical implications for the design of AI recommen-
dation systems and digital marketing practices. First, the study highlights that optimizing
digital interfaces should go beyond merely improving the accuracy of recommendation con-
tent, shifting instead toward enhancing user experience. Our findings demonstrate that
sound cues, as part of a “micro-sensory design” within the interface, can reinforce the sense
of interactional fluency. Compared to more complex or highly anthropomorphic system
interactions, non-verbal sound cues provide a “low-disruption, high-context adaptability”
advantage, making them suitable for a wide range of AI recommendation scenarios. Notably,
while non-verbal sound cues show promise, their effectiveness may be constrained by specific
contextual factors. Additionally, while the present study’s sound cues were designed to be
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culturally neutral, culturally specific sound associations could introduce unintended effects:
for example, a frequency modulation that is perceived as neutral in one culture might carry
negative connotations in another, potentially triggering adverse user responses. Thus, when
deploying sound cues across global or culturally diverse user groups, pre-testing for cultural
compatibility remains necessary to avoid counterproductive outcomes.

Secondly, the study further reveals that the effectiveness of non-linguistic auditory
features of sound cues is not moderated by users’ levels of AI literacy. This finding
carries important implications for real-world system deployment: interface designers
can implement a unified and standardized sound cues strategy without the need for
differentiated adaptation based on users’ technological proficiency, thereby significantly
reducing design complexity and development costs. This design effectively alleviates the
adaptation burden caused by individual cognitive differences and enhances the stability
and sustainability of recommendation systems across diverse user environments.

6.4. Limitations and Future Research Directions

This study has several limitations. First, it focuses on a single type of non-linguistic
sound cues and immediate decision-making contexts. Future research could improve the
design by considering audio delivery variability, long-term effects, and alternate mediators.
Second, although we recruited a diverse sample of ordinary consumers online, online data
collection methods may have limitations, including self-selection bias, differences in testing
environments, and variations in attention or engagement. Future research can combine
online studies with controlled laboratory experiments or field research to improve validity.
Finally, user differences such as AI literacy may interact with the cultural sound symbolism,
and cross-modal designs could offer a more comprehensive understanding.
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