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Abstract

Although existing studies have shown that AI recommendation systems have potential in
enhancing consumers’ purchase intention, there remains a lack of systematic research. This
study aims to explore how the interaction between information presentation formats and
AI role types influences consumers’ purchase intention. Based on metacognitive experience
theory, two experiments are designed to analyze processing fluency as a mediator and
consumers’ AI knowledge as a moderator. The results reveal that the interaction between
information presentation format and AI role type significantly affects consumers’ purchase
intention, while their separate effects are insignificant. Different from existing studies on
separate factors, this study demonstrates that AI interactive marketing performance hinges
on the matching of design and role positioning. This study extends the application of the
theory of metacognitive experiences in the field of human–AI interaction and provides
targeted recommendations for the interface design of AI recommendation systems.

Keywords: AI recommendation; metacognitive experience; information presentation; role
type; purchase intention

1. Introduction
Nowadays, artificial intelligence (AI) recommendation systems are reshaping the

landscape of interactive marketing [1], especially the product recommendation process
on e-commerce platforms [2,3]. Taking Taobao, a Chinese e-commerce platform, as an
example, its AI recommendation system can generate personalized recommendations
based on consumer behavior data [4]. This trend indicates that interactive marketing is
gradually shifting from traditional Person-to-Person recommendations to AI-to-Person
recommendations [5,6]. However, the improvement in recommendation AI algorithms
does not always boost consumers’ purchase intention [7]. Considering the complexity
of recommended information [8] and consumers’ limited attention span [9], the interface
design of recommendation systems has gradually become one of the factors affecting
consumers’ purchase intention [10]. Therefore, compared with traditional static interface
design, AI recommendation systems with interactive features may change consumers’
cognitive process and further influence their purchase intention. From the perspective of
interactive marketing, information presentation format is a core factor affecting consumers’
cognition [11]. Specifically, the arrangement [12], image style [13] and simplicity [10] of
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information all affect consumers’ cognition. Meanwhile, the communication mode of AI
recommendation systems greatly influences consumer experience [14], and communication
modes depend on different AI role types [15]. AI role type refers to the functional role
assumed by an AI recommendation system in the interaction process, which can be set as an
“assistant type” or a “partner type” [16]. Consumers’ different expectations of AI role types
will affect their cognition [17,18], which varies with individual needs and preferences [19].
Although previous studies have explored respectively impacts of information presentation
format and AI role types in the consumer behavior field, there is still a lack of systematic
research on their interactive effects and underlying mechanisms. Hence, it is crucial to the
performance of AI recommendation systems to choose information presentation formats
matching AI role types [20]. On this basis, this study aims to explore the mechanism of
the interaction between information presentation format and AI role types on consumers’
purchase intention, and puts forward the following research question: How does the
interaction between information presentation format and AI role types influence consumers’
purchase intention?

To further reveal the mechanism, this study introduces the metacognitive experience
theory as the core perspective. Metacognitive experience refers to individuals’ subjective
perceptions of their own thinking activities during cognitive processes [21]. In interactive
marketing scenarios, when consumers interact with AI recommendation systems, they not
only focus on the recommended information itself, but also make subjective evaluations of
their own cognition in the interaction process. Compared with cognition, metacognition
emphasizes not what individuals “know” or “understand”, but their subjective perceptions,
self-monitoring and evaluations of their own cognitive processes. In other words, metacog-
nitive experience reflects people’s subjective perceptions of their own cognitive activities
rather than the content they actually know or understand. Such inner feelings are largely
embodied in the perceived fluency during information processing. Therefore, metacogni-
tive experience is mainly manifested as individuals’ information processing fluency [21].
Processing fluency means consumers’ subjective perceptions of ease or difficulty when
processing information [22]. For example, when consumers browse product information
presented in different formats, their comprehension and processing fluency will vary. Such
subjective perceptions will further affect their subsequent judgments. Given the significant
impact of metacognitive experience on individuals’ cognition, relevant research has gained
widespread attention in recent years, such as decision-making behavior [23,24], error per-
ception [25], creativity [26] and team cooperation [27]. In the consumer field, metacognitive
experience is further involved in brand cognition [28], price comparison [29], product
information security assessment [30], brand evaluation [31] and innovation perception [32]
(see Table 1). Nevertheless, existing studies lack systematic research on metacognitive
experience in the context of AI recommendation systems. Accordingly, this study further re-
veals the psychological mechanism of how the matching between information presentation
formats and AI role types impacts consumers’ purchase intention within the framework of
metacognitive experience.

For this purpose, we design two scenario experiments. Firstly, it explores whether the
interactive effect affects consumers’ purchase intention; secondly, it analyzes the psycho-
logical mechanisms and boundary conditions. The research conclusions possess important
theoretical and practical values. Theoretically, this study complements existing research
in AI recommendation systems and interactive marketing. Existing studies focus on the
independent effects of information presentation formats [12] and role types [33]. This study
further verifies that consumers do not interpret various cues in isolation when interacting
with the help of AI. Instead, they integrate the interface to comprehensively evaluate the
overall interaction experience. The research confirms a significant matching effect between
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information presentation formats and AI role types, which further enriches academic
understanding of how consumers respond to AI-recommended content in interactive sce-
narios. Practically, this study provides actionable guidance for e-commerce platforms to
improve their AI recommendation systems. The findings suggest that platforms should
align information presentation formats with AI role types in interface design. Meanwhile,
it is essential to enhance users’ information processing fluency. In addition, platforms can
launch differentiated recommendation schemes according to users’ familiarity with AI
technology, so as to better stimulate consumers’ purchase intention.

Table 1. Literature matrix of metacognitive experiences in the consumption field.

Author and Year Research Question Research Variables Conclusion

Schwarz, 2004
[21]

How does subjective
experience itself (rather

than its content) influence
judgment?

IVs: Quantity of recall, nature of
recall content, and processing fluency

DVs: Self-evaluation, product
attitude, risk judgment, choice delay,

and authenticity judgment
MeVs: Subjective experience and

application of naive theories
MoVs: Processing motivation,

emotional state, and attribution cues

Things that come to mind
easily feel more real and

common, but the
explanation for this

experience depends on the
naive theories people hold,
and the effect disappears
when the experience is
attributed to interfering

factors.

Lee & Shavitt,
2009 [28]

Will metacognitive
experience affect people’s
willingness to accept new

information?

IVs: Metacognitive experience and
frown manipulation

DVs: Brand evaluation, purchase
intention, and health perception
MeV: Perceived comprehension

MoVs: Need for cognitive closure
and brand familiarity

When people feel that they
can no longer understand a

familiar brand, they
become more willing to
accept new narratives

about it.

Robert Mitchell
et al., 2011 [34]

What makes a CEO’s
strategic decisions keep

changing—is it the CEO’s
own thinking ability or the

external environment?

IVs: Metacognitive experience,
environmental hostility, and
environmental dynamism

DV: Degree of strategic decision
inconsistency

MoVs: Environmental hostility

Metacognitive experiences
can reduce decision

inconsistency;
environmental hostility
increases inconsistency,
while environmental
dynamism conversely
reduces inconsistency.

Kyung &
Thomas, 2016

[29]

How does attempting to
explicitly recall past

information from memory
affect the accuracy of

subsequent memory-based
comparisons?

IV: Whether attempting to recall the
price

DV: Accuracy of price comparison
MeV: The feeling of “not knowing”

MoV: Abstraction of thinking

Recalling the feelings
generated by failure can
block the use of implicit
memory, while abstract

thinking can alleviate this
problem.

Mattingly et al.,
2016 [35]

Explore whether
entrepreneurial experience

and metacognition
influence entrepreneurs’

perception of the decision
between persistence and

giving up.

IVs: Financial returns, non-financial
benefits, switching costs, and

probability of expected outcomes
DV: Willingness to persist with the

current entrepreneurial project
MoVs: Entrepreneurial experience,

metacognitive experience, and
metacognitive knowledge

Experienced entrepreneurs
pay more attention to
financial returns and

conversion costs, while
individuals with high

metacognitive knowledge
focus more on the

uncertainty of outcomes.
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Table 1. Cont.

Author and Year Research Question Research Variables Conclusion

Park et al., 2016
[30]

Where does the perception
that complexity equals

security come from?

IV: Fluency
DVs: Perceived information security,
perceived convenience, and product

preference
MeV: Perceived technical

professionalism
MoVs: Product description type and

whether the source of difficulty is
indicated

When product
introductions use obscure

technical terms or
hard-to-read fonts,

consumers will perceive
the product as being more

capable of protecting
information security.

Zane et al., 2020
[31]

How are consumers
influenced by background

advertisements?

IV: Perceived distraction level
DV: Brand evaluation

MeV: Distraction attribution
MoVs: Theoretical diagnosticity and

theoretical applicability

When people listen to
advertisements while

doing other things, if they
feel they are “distracted”

by the ads, they will
instead perceive the brand

as better.

Chen & Liu, 2023
[36]

What is the psychological
process of buying a new

energy vehicle?

IV: Locus of control
DV: Green consumption behavior
MeV: Green consumption attitude
MoVs: Metacognitive knowledge,

metacognitive experience, and
metacognitive monitoring

Locus of control affects car
purchasing behavior.

Min, 2023 [32]

How do consumers’
expectations determine
whether the difficulty of

understanding information
is good or bad, and under
what circumstances this

method works?

IVs: Innovation expectation and
processing fluency

DV: Product evaluation
MeV: Perceived product

innovativeness
MoVs: Source of expectation and
whether innovation is associated

with negative connotations

When consumers expect a
product to be innovative,
hard-to-read information

actually makes the product
seem more innovative and

desirable.

Fatma & Bhatt,
2024 [37]

How does the “immersive
sense” of AR/VR influence

tourists’ responsible
tourism behaviors through

their emotional and
cognitive experiences?

IVs: Interactivity and vividness
DV: Responsible tourism behavioral

intention
MeVs: Presence, emotion,

metacognitive experience, perceived
value, destination attractiveness,

attitude, subjective norm, and
perceived behavioral control

AR/VR enables tourists to
have an immersive
experience, which

translates into emotional
and cognitive experiences,

ultimately encouraging
tourists to travel more

responsibly.

2. Theoretical Framework and Hypothesis
2.1. Metacognitive Experience Theory

Metacognitive experience refers to an individual’s subjective perception of their own
thinking activities during the cognitive process [21], covering the early, intermediate, and
late stages of information processing [38]. In short, this theory argues that people can
consciously monitor how easily or difficultly they process information during cognition,
and such cognition will further guide their final decisions. In this study, two key indepen-
dent variables, namely information presentation formats and AI role types, will change
consumers’ cognitive difficulty when reading recommended product information, thus
leading to different metacognitive experiences. As the core manifestation of metacognitive
experience adopted in this study, processing fluency acts as the key mediating variable
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linking the two independent variables and consumers’ purchase intention [21]. Processing
fluency refers to consumers’ subjective perceptions of ease or difficulty when processing
product-related information [22]. It directly reflects consumers’ cognition caused by dif-
ferent matches between information presentation formats and AI role types, and reveals
the psychological mechanism of how these two external factors affect consumers’ purchase
intention. Existing studies verified that metacognitive experience affects consumers’ pur-
chase intention essentially through changing their information processing fluency [23]. In
general, high processing fluency brings positive cognitive feedback and facilitates favorable
consumer decision-making. First, information with high processing fluency is perceived to
be more authentic by consumers, as smooth information processing reduces individuals’
inherent suspicion of content [24]. Second, such effortless cognitive experience brings
better aesthetic perception [39]. Third, fluent information processing decreases perceived
risk [40]. Nevertheless, the positive influence of high processing fluency is not universal.
Some scholars have proven that low processing fluency can also exert positive impacts
on consumer judgment [41]. Empirically, Park et al. (2016) found that when consumers
struggle to process information, they tend to regard the goods as more trustworthy [30].
Collectively, the influence of processing fluency is context-dependent instead of fixed.
This core theoretical conclusion fits well with the current AI recommendation research
context: different combinations of information presentation formats and AI role types
change consumers’ information processing difficulty, switching their processing fluency
level correspondingly. Such changes in metacognitive experience further affect consumers’
purchase intention. Overall, metacognitive experience theory provides direct theoretical
support for this study’s mediating mechanism and relevant hypotheses.

2.2. Hypothesis

This study holds that information presentation format and AI role type have a positive
interaction effect on consumers’ purchase intention. According to metacognitive experience
theory, individuals generate subjective perceptions of their own thinking activities during
cognitive activities [21]. For instance, when consumers browse recommended information
from AI recommendation systems, they not only evaluate the information itself but also
form subjective perceptions of their own thought processes. In this process, visual cues and
identity cues play a vital role [42]. Among them, visual cues mainly refer to the information
presentation format on the interface, such as horizontal or vertical layout; identity cues
reflect consumers’ perception of AI role types, including assistant-type and partner-type
roles. For assistant-type AI, consumers generally expect the system to provide accurate
and reliable information [16], thus conducting information retrieval in a more focused
manner. In this context, although vertical layout is less convenient for information browsing
than horizontal layout [43,44], its rigorous and orderly visual presentation conforms to
consumers’ expectations for assistant-type roles, which helps enhance purchase intention.
In contrast, for partner-type AI, consumers pay more attention to easy interaction and
rapid decision-making [45]. Horizontal information presentation can meet their demands
for quick browsing and casual communication, so it is more likely to boost purchase
intention in the partner-type scenario. On this basis, this study puts forward the following
research hypotheses:

H1a. Compared with the horizontal information presentation format, the combination of the vertical in-
formation presentation format and assistant-type AI can better enhance consumers’ purchase intention.

H1b. Compared with the vertical information presentation format, the combination of the horizontal
information presentation format and partner-type AI can better enhance consumers’ purchase intention.
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According to metacognitive experience theory, when individuals process information,
they not only focus on the information itself, but also evaluate their own cognition based
on information processing fluency [21]. Processing fluency refers to consumers’ subjective
perceptions of ease or difficulty when processing product-related information [22]. For
example, in AI recommendation scenarios, when consumers can quickly understand and
effectively process product information, they tend to perceive a high level of processing
fluency. Previous research has shown that processing fluency can influence consumers’
purchase intentions [46,47]. However, the formation of processing fluency does not solely
depend on the information presentation format; it is also affected by consumers’ expec-
tations regarding information processing. For assistant-type AI, although the vertical
presentation of information reduces processing fluency [44], this format of information
presentation helps meet consumers’ expectations for in-depth information analysis [32]. In
contrast, consumers tend to view partner-type AI as a companion-like decision partner and
expect to acquire information and make decisions in a convenient and efficient manner [45].
Horizontal information presentation enables consumers to quickly process product infor-
mation, thereby enhancing processing fluency. Because this fluent processing experience is
consistent with consumers’ expectations of partner-type AI, it is likely to further increase
purchase intentions. On this basis, this study puts forward the following hypotheses:

H2a. For assistant-type AI, vertical information presentation reduces consumers’ processing
fluency, which in turn affects their purchase intention.

H2b. For companion-type AI, horizontal information presentation improves consumers’ processing
fluency and thereby enhances their purchase intention.

Consumers’ AI knowledge refers to their understanding of AI technology [48]. For
example, consumers with low AI knowledge tend to perceive recommendation results
as direct suggestions, whereas consumers with high AI knowledge are usually able to
understand how AI systems generate recommendations. According to metacognitive expe-
rience theory, consumers’ perception of processing fluency during information processing
influences their decision-making behavior [32]. For consumers with low AI knowledge,
their limited understanding of the AI system’s mechanisms leads them to rely more heavily
on external cues in making judgments. In contrast, consumers with high AI knowledge
typically possess a deeper understanding of AI systems [49] and can identify the limitations
of these systems [50]. As a result, consumers with low AI knowledge are more sensitive
to variations in processing fluency when receiving system recommendations, whereas
consumers with high AI knowledge tend to form more objective perceptions of processing
fluency. Consequently, as AI knowledge increases, the effect of the match between infor-
mation presentation format and AI role type on processing fluency is expected to weaken.
Based on this, a hypothesis is proposed:

H3. Consumers’ AI knowledge moderates the effect of information presentation format and AI role
type on processing fluency. Specifically, this effect is weaker for consumers with high AI knowledge
than for those with low AI knowledge.

2.3. Overview

In the following content, two scenario experiments are conducted to verify the hy-
potheses. Study 1 examines the interaction between information presentation formats
and AI role types on consumers’ purchase intention (H1a/H1b). Study 2 explores the
mediator and the moderator (H2a/H2b/H3). All the participants provided informed
consent, acknowledging that they understood the research objectives, procedures, data
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protection measures, and their right to withdraw at any time. Figure 1 illustrates the
research framework. For all the experimental protocols, see Appendix A.

Figure 1. Research framework. The * means interaction of the two independent variables.

3. Study 1
Study 1 aims to explore the main effect, namely the interactive influence of information

presentation format and AI role type on consumers’ purchase intention.

3.1. Method
3.1.1. Participants

We used G*Power 3.1 to calculate the sample size [51]. Based on our set parameters
(Effect size = 0.25, α = 0.05, Power = 0.80), we calculated that the required sample size for
the two groups was 128. Participants were recruited through the online survey platform
Credamo [52]. Ultimately, 156 participants voluntarily completed the experiment. We
adopted a 2 × 2 between-subjects experimental design, and the participants were randomly
assigned to four groups in a 2 (information presentation format: horizontal vs. vertical) × 2
(AI role type: assistant-type vs. partner-type) design. To ensure data quality, the study
included an attention check question (the participants were shown a quadrilateral pattern
and asked to identify whether it was a triangle or a quadrilateral). After excluding incor-
rectly answered samples, 152 valid data points were ultimately obtained (Nhorizontal = 67,
Nvertical = 85, 59.20% female, Mage = 29.29, SD = 5.39).

3.1.2. Procedure and Measures

This study refers to the experimental design of Y. Jia et al. (2025) [12]. Before the
experiment, the participants were asked to imagine that they wanted to purchase a coffee
cup from an AI recommendation system and expected it to provide relevant product
information. In the horizontal display condition, the participants saw a coffee cup and
their introductions arranged horizontally, whereas in the vertical display condition, the
participants viewed the same coffee cup and product descriptions, but the information
was presented vertically. In the interactive interface, the AI recommendation system
explicitly introduced itself using different role identities, namely an assistant-type AI or a
partner-type AI [33]. Specifically, the assistant-type AI was task-oriented and positioned
as a functional decision-support tool, emphasizing efficiency, accuracy, and professional
product recommendations to help users complete purchasing tasks. Its interaction style
was concise, objective, and utility-driven. In contrast, the partner-type AI was socially
oriented and framed as an interactive companion that emphasized emotional engagement,
personalized interaction, and relational communication. Rather than solely focusing on
task completion, it aimed to create a more socially engaging and emotionally connected
shopping experience. For example, in this study, achieving consumers’ goals quickly and
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efficiently embodies the assistant type, while building intimate relationships represents the
partner type. See the italicized materials below for details. Specific experimental materials
are provided in Appendix B.

[Assistant-type AI] “I’m a virtual assistant. It is known for quickly and efficiently finding
products that meet customers’ needs. It provides you with accurate information based on
preset rules and helps you accomplish specified goals.”

[Partner-type AI] “I’m your virtual partner. It is known for understanding your prefer-
ences. It offers suggestions and feedback based on your needs and is willing to build a
close relationship with you.”

To assess the participants’ perceived differences in information presentation formats,
they evaluated the information presentation format using a single-item seven-point Likert
scale with the item: “The information presentation format is horizontal.” (1 = strongly
disagree; 7 = strongly agree). To assess the participants’ perceptions of the role type, we
employed two independent seven-point Likert items (1 = strongly disagree; 7 = strongly
agree), adapted from Youn and Jin (2021) [33]. The items were: “This chatbot is my assistant”
and “This chatbot is my partner.” Each item was analyzed separately to ensure accurate
measurement of the participants’ perceptions of the different role types. Subsequently, the
participants evaluated their purchase intention for the products by completing a single-
item scale adapted from the three-item seven-point Likert scale developed by Bettiga et al.
(2020) [53]. An example of the item is “I am willing to purchase this product” (1 = strongly
disagree; 7 = strongly agree) (Cronbach’s α = 0.80).

To control for individual differences that may interfere with the experimental results,
this study incorporated product-related expertise as a covariate in the analysis. Given that
previous research has indicated that individuals’ domain-specific expertise may influence
their judgments and choices, we used a single-item seven-point Likert scale to measure the
participants’ expertise [54,55]: “Compared to others, how would you rate your knowledge
of this type of products?” (1 = strongly disagree; 7 = strongly agree). Finally, the participants’
demographic variables were collected. The measurement is shown in Appendix C.

3.2. Result and Discussion
3.2.1. Manipulation Check

The results showed that the participants could effectively distinguish between the two
types of information presentation formats (Mhorizontal = 5.64, SD = 1.72 vs. Mvertical = 2.67,
SD = 1.77; t (150) = 10.41, p < 0.001; Cohen’s d = 1.75), confirming that the manipulation
of information presentation format was effective. For AI role type, the results indicated
that under the assistant-type AI, the participants’ perceived scores for the assistant-type AI
were significantly higher than those for the partner-type AI (Massistant = 5.09, SD = 0.98 vs.
Mpartner = 2.88, SD = 1.63; t (150) = 10.19, p < 0.001; Cohen’s d = 1.34). Under the partner-type
AI, the participants’ perceived scores for the partner-type AI were significantly higher than
those for the assistant-type AI (Massistant = 3.51, SD = 1.71 vs. Mpartner = 4.77, SD = 1.10;
t (150) = 5.43, p < 0.001; Cohen’s d = 1.44). This demonstrates that the manipulation of the
independent variable was effective.

3.2.2. Main Effect Analysis

First, this study conducted a 2 × 2 two-way ANOVA with information presentation
format and AI role type as independent variables and purchase intention as the dependent
variable. The results indicated that the main effect of information presentation format
was not significant (F (1,148) = 1.35, p = 0.247, η2 = 0.009), and the main effect of AI role
type was also non-significant (F (1,148) = 1.88, p = 0.172, η2 = 0.013). However, there
was a significant interaction effect between information presentation format and AI role
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type on purchase intention (F (1,148) = 58.69, p < 0.001, η2 = 0.284). The results of further
simple effect analyses are presented in Figure 2. For the assistant-type AI, consumers
showed significantly higher purchase intention under the vertical information presentation
format than under the horizontal format (Mhorizontal = 3.63, SD = 0.84 vs. Mvertical = 4.63,
SD = 1.02, F (1,148) = 21.27, p < 0.001, η2 = 0.126, 95% = [0.57, 1.43]). On the contrary,
for the companion-type AI, consumers had significantly higher purchase intention when
exposed to the horizontal information presentation format compared with the vertical
format (Mhorizontal = 5.02, SD = 0.87 vs. Mvertical = 3.66, SD = 0.98, F (1,148) = 38.65, p < 0.001,
η2 = 0.207, 95% = [0.93, 1.79]).

Figure 2. The influence of information presentation format and AI role type on purchase intention.

To further test the robustness of this effect after controlling for irrelevant variables, an
analysis of covariance was performed with AI familiarity and product-related professional
knowledge as covariates. The results indicated that the main effects of information presen-
tation format (F (1,146) = 0.04, p = 0.849, η2 = 0.000) and role type (F (1,146) = 1.86, p = 0.175,
η2 = 0.013) on purchase intention remained non-significant, while the consistency between
information presentation format and role type still exerted a significant interaction effect on
purchase intention (F (1,146) = 61.37, p < 0.001, η2 = 0.296). Among them, product-related
professional knowledge had no significant effect on purchase intention (F (1,146) = 0.19,
p = 0.665, η2 = 0.001). Importantly, the inclusion of these covariates did not change the
results of the main effects. H1a and H1b were supported.

3.2.3. Discussion

Study 1 provides initial evidence that the effectiveness of purchase intention is shaped
by the interaction between information presentation format and AI role type. While neither
factor independently influenced purchase intention, their significant interaction. This sug-
gests that consumers evaluate recommendations within an integrated cognitive framework.
This finding underscores the importance of considering the congruence between interface
design and AI role positioning that supports H1a and H1b.

4. Study 2
Study 2 aims to verify the mediating role of processing fluency and the moderating

effect of consumers’ AI knowledge.

4.1. Method
4.1.1. Participants

The required sample size for this experiment was calculated using the same procedure
as in Study 1, resulting in a target of 128 participants per group. In total, 155 online users
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voluntarily participated in this experiment. Study 2 adopted a between-subjects design, in
which the participants were randomly assigned to a 2 (information presentation format:
horizontal vs. vertical) × 2 (AI role type: assistant-type vs. partner-type) between-subjects
design. To ensure data quality, we used the same attention check questions as in Study
1. After excluding 7 samples with incorrect responses, 148 valid data points were finally
obtained (Nhorizontal = 72, Nvertical = 76, 42.60% female, Mage = 34.34, SD = 9.16).

4.1.2. Procedure and Measures

Prior to the experiment, the participants were asked to imagine that they intended to
purchase a pair of Bluetooth earphones from an AI recommendation system and hoped
that it would provide relevant product information. The manipulation of information
presentation formats and AI role types was consistent with that in Study 1. Specific
experimental materials are presented in Appendix B. The experimental procedure was
similar to that of Study 1: the participants first evaluated different information presentation
formats and AI role types, and then their purchase intention was measured using the same
scale as in Study 1. In addition, we measured processing fluency using a four-item seven-
point scale adapted from Kostyk et al. (2021), with an example item: “I found it difficult
to process the information provided by the AI.” (Cronbach’s α = 0.88) [56]. Consumer
knowledge of AI was measured using a three-item seven-point scale adapted from Y. Zhang
et al. (2025), with an example item: “I know a lot about AI recommendation systems.”
(Cronbach’s α = 0.79) [20]. We also measured the same control variables as in Study 1.
Finally, the participants’ demographic variables were collected. The measurement is shown
in Appendix C.

4.2. Result and Discussion
4.2.1. Manipulation Check

The results showed that the participants were able to effectively distinguish be-
tween the two types of information presentation formats (Mhorizontal = 6.31, SD = 1.16
vs. Mvertical = 1.86, SD = 1.13; t (146) = 23.68, p < 0.001; Cohen’s d = 1.14), confirming that
the manipulation of information presentation format was effective. For the manipulation
check of AI role type, the results indicated that under the assistant-type AI, the participants’
perceived scores for the assistant-type AI recommendation system were significantly higher
than those for the partner-type AI (Massistant = 4.64, SD = 2.38 vs. Mpartner = 3.13, SD = 1.69;
t (146) = 4.47, p < 0.001; Cohen’s d = 2.06). In contrast, under the partner-type AI, the partic-
ipants’ perceived scores for the partner-type AI were significantly higher than those for
the assistant-type AI (Massistant = 3.16, SD = 2.27 vs. Mpartner = 5.12, SD = 2.17; t (146) = 5.36,
p < 0.001; Cohen’s d = 2.22). This demonstrates that the manipulation of the independent
variable was effective.

4.2.2. Main Effect Analysis

First, this study conducted a 2 × 2 two-way ANOVA with information presentation
format and AI role type as independent variables and purchase intention as the dependent
variable. The results indicated that the main effect of information presentation format
was not significant (F (1,144) = 1.07, p = 0.303, η2 = 0.007), and the main effect of AI role
type was also non-significant (F (1,144) = 3.64, p = 0.058, η2 = 0.025). However, there
was a significant interaction effect between information presentation format and AI role
type on purchase intention (F (1,144) = 26.97, p < 0.001, η2 = 0.158). The results of further
simple effect analyses are presented in Figure 3. For the assistant-type AI, consumers
showed significantly higher purchase intention under the vertical information presentation
format than under the horizontal format (Mhorizontal = 3.54, SD = 1.22 vs. Mvertical = 4.74,
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SD = 1.25, F (1,144) = 19.09, p < 0.001, η2 = 0.117, 95%CI = [0.66, 1.75]). On the contrary,
for the companion-type AI, consumers had significantly higher purchase intention when
exposed to the horizontal information presentation format compared with the vertical
format (Mhorizontal = 4.91, SD = 1.00 vs. Mvertical = 4.11, SD = 1.21, F (1,144) = 8.79, p = 0.004,
η2 = 0.058, 95% = [0.27, 1.34]).

Figure 3. The influence of information presentation format and AI role type on purchase intention.

To further test the robustness of this effect after controlling for irrelevant variables, an
analysis of covariance was performed with AI familiarity and product-related professional
knowledge as covariates. The results indicated that the main effects of information pre-
sentation format (F (1,143) = 1.54, p = 0.2166, η2 = 0.011) and AI role type (F (1,143) = 3.66,
p = 0.058, η2 = 0.025) on purchase intention remained non-significant, while the consistency
between information presentation format and AI role type still exerted a significant interac-
tion effect on purchase intention (F (1,143) = 28.96, p < 0.001, η2 = 0.168). Product-related
professional knowledge had no significant effect on purchase intention (F (1,143) = 2.45,
p = 0.120, η2 = 0.017). H1a and H1b are supported.

4.2.3. Mediation Effect Analysis

To further examine the mediating effect of information presentation formats on pur-
chase intention among different AI role types, a mediating effect analysis was conducted
based on 5000 bootstrap samples (PROCESS Model 8) [57]. In this model, information
presentation format and role types were set as independent variables, purchase intention
as the dependent variable, and processing fluency as the mediating variable, with all the
variables being continuous variables.

As shown in Figure 4, under the assistant-type AI, information presentation format
exerts a significant effect on processing fluency (β = −1.07, BootSE = 0.24, 95% CI = [−1.55,
−0.59]). Specifically, each one-unit increase in information presentation format leads to
an average decrease of 1.07 units in processing fluency. BootSE = 0.242 is used to assess
the stability of coefficient estimation results. The 95% confidence interval of [−1.55, −0.59]
indicates that there is a 95% probability that the true coefficient falls within this range, and
the interval does not contain zero, which proves that this influencing effect is statistically
significant. Processing fluency also has a significant impact on purchase intention (β = 1.83,
BootSE = 0.29, 95% CI = [0.61, 1.75]). After incorporating both information presentation
format and processing fluency into the model, the direct effect of information presentation
format on purchase intention remains significant (β = 0.40, BootSE = 0.18, 95% CI = [0.10,
0.81]). Accordingly, H2a is supported.

As shown in Figure 5, under the partner-oriented AI mode, information presenta-
tion format exerts a significant influence on processing fluency (β = 1.81, BootSE = 0.23,
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95% CI = [1.36, 2.28]), and processing fluency also has a remarkable effect on purchase
intention (β = 0.16, BootSE = 0.13, 95% CI = [0.09, 0.42]). After incorporating both infor-
mation presentation format and processing fluency into the model simultaneously, the
direct impact of information presentation form on purchase intention remains significant
(β = 1.10, BootSE = 0.34, 95% CI = [0.42, 1.79]). Accordingly, H2b is supported.

Figure 4. Mediating effect coefficient diagram in the assistant-type AI. Note: * p < 0.05; ** p < 0.01;
*** p < 0.001.

Figure 5. Mediating effect coefficient diagram in the partner-type AI. Note: * p < 0.05; ** p < 0.01;
*** p < 0.001.

To measure the interaction effect of independent variables, the PROCESS Model 8
was adopted for further mediating effect analysis. In this model, information presentation
format and role type are set as independent variables, purchase intention as the dependent
variable, and processing fluency as the mediating variable. As shown in Figure 6, the interac-
tion between information presentation mode and role type significantly affected processing
fluency (β = 0.80, BootSE = 0.32, 95% CI = [0.18, 1.43]), and the effect of processing fluency on
purchase intention was also significant (β = 0.25, BootSE = 0.10, 95% CI = [0.05, 0.45]). When
information presentation mode, role type, and processing fluency were simultaneously
included in the model, the direct effect of information presentation mode and role type
on purchase intention remained significant (β = 2.21, BootSE = 0.39, 95% CI = [1.44, 2.70]).
This indicates that information presentation format and role type not only directly affected
purchase intention but also exerted an indirect effect through processing fluency.

Figure 6. Coefficient diagram of interaction and mediating effects. The * in “Information Presentation
Format * AI Role Type” means interaction of the two independent variables. Note: * p < 0.05;
*** p < 0.001.
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4.2.4. Moderator Effect Analysis

This study adopts the bootstrap method to examine the moderating effect of product
attributes (PROCESS Model 13). In this model, information presentation format and role
type serve as independent variables, purchase intention as the dependent variable, process-
ing fluency as the mediating variable, and consumers’ AI knowledge as the moderating
variable. All the variables are continuous variables. The number of bootstrap resamples is
set to 5000. Interaction terms are automatically generated by PROCESS to test the interac-
tion effects and moderating effects between continuous variables. Meanwhile, simple slope
analysis is conducted to present the moderating effects at high, medium and low levels.
The results, as shown in Figure 7, indicate that consumers’ AI knowledge can effectively
moderate the impact of the interaction term between information presentation format and
role type on processing fluency (β = 0.65, BootSE = 0.21, 95% CI = [0.24, 1.06]); meanwhile,
the moderated mediation index reaches a significant level (Index = −0.15, BootSE = 0.09,
95% CI = [−0.35, −0.01]). Therefore, H3 is supported.

Figure 7. The moderating effect. The * in “Information Presentation Format * AI Role Type” means
interaction of the two independent variables. Note: ** p < 0.01.

Figure 8 illustrates the moderating effect of consumers’ AI knowledge on the relation-
ship between information presentation format, role type, and perceived processing fluency
in the context of the assistant-type AI. The horizontal axis represents information presenta-
tion format, and the vertical axis represents the level of perceived processing fluency. The
results indicate that the impact of information presentation format on processing fluency
varies significantly depending on consumers’ level of AI knowledge. When consumers’ AI
knowledge is at a low level (−1 SD) and baseline (M), the effect of information presentation
format on perceived processing fluency is significant (M − 1 SD: β = 1.62, BootSE = 0.32,
95% CI = [0.99, 2.24]; M: β = −0.71, BootSE = 0.23, 95% CI = [0.26, 1.17]). When consumers’
AI knowledge is at a high level (+1 SD), the effect of information presentation format on per-
ceived processing fluency is not significant (β = 0.26, BootSE = 0.32, 95% CI = [−0.37, 0.90]).
Further moderated mediation analysis results show that when consumers’ AI knowledge
is at a low level (−1 SD) and a medium level (M), the indirect effect is significantly positive
(M − 1 SD: β = −0.37, BootSE = 0.19, 95% CI = [−0.76, −0.41]; M: β = −0.16, BootSE = 0.09,
95% CI = [−0.36, −0.13]); when consumers’ AI knowledge is at a high level (+1 SD), the
indirect effect of information presentation format on purchase intention through processing
fluency is not significant (β = −0.06, BootSE = 0.08, 95% CI = [−0.23, 0.11]).

Figure 9 illustrates the moderating effect of consumers’ AI knowledge on the relation-
ship between information presentation format, role type, and perceived processing fluency
in the context of a partner-type AI. Specifically, the effect is significant at low (−1 SD),
baseline (M), and high (+1 SD) levels of AI knowledge (M − 1 SD: β = 1.47, BootSE = 0.27,
95% CI = [0.94, 2.01]; M: β = 1.87, BootSE = 0.22, 95% CI = [1.43, 2.32]; M + 1 SD: β = 2.07,
BootSE = 0.31, 95% CI = [1.47, 2.68]). Further moderated mediation analysis reveals that the
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indirect effect of information presentation format on purchase intention through processing
fluency is significant when consumers’ AI knowledge is at a low level (−1 SD), baseline
(M), and high level (+1 SD) (M − 1 SD: β = −0.34, BootSE = 0.16, 95% CI = [−0.66, −0.49];
M: β = −0.43, BootSE = 0.19, 95% CI = [−0.80, −0.07]; M + 1 SD: β = −0.47, BootSE = 0.21,
95% CI = [−0.92, −0.07]).

Figure 8. Simple slope of consumers’ AI knowledge on processing fluency under assistant AI.

Figure 9. Simple slope of consumers’ AI knowledge on processing fluency under partner AI.

4.2.5. Discussion

Study 2 further demonstrates the effects of information presentation format and AI
role type on purchase intention, revealing the mediating role of processing fluency and
the moderating role of consumers’ AI knowledge. The findings indicate that the match
between information presentation format and role type exerts a significant direct effect
on purchase intention, and this effect is significantly mediated by processing fluency. In
addition, consumers’ AI knowledge plays an important moderating role in the relationship
between information presentation format and processing fluency. Specifically, consumers
with low AI knowledge are more sensitive to the perceived differences between information
presentation format and processing fluency, whereas those with high AI knowledge show
smaller perceived differences.
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5. General Discussion
5.1. Summary and Interpretation of Key Findings

Based on the metacognitive experience theory, this study systematically explores the
mechanism of the matching between information presentation formats and AI role types in
AI recommendation systems on consumers’ purchase intention in the e-commerce context.
It aims to answer the core research question: How does the interaction between information
presentation formats and AI role types affect consumers’ purchase intention? The research
results show that the matching of information presentation formats and AI role types can
significantly enhance consumers’ purchase intention. This effect is mediated by processing
fluency, and consumers’ AI knowledge moderates the strength of such influence.

First of all, the results show that the separate effects of information presentation
modes and artificial intelligence role types have no significant impact on consumers’
purchase intention, whereas their interactive effect is significant. This conclusion provides
an important reference for research literature related to interactive marketing [58]. Most
existing studies explore information presentation formats [12,59] or AI role types [33]
as a single independent variable. However, recent research in the field of interactive
marketing proposes that consumers’ behavioral feedback stems from the synergistic effect
of multiple cues in digital scenarios [6,11]. Consistent with this viewpoint, this study
finds that in the context of AI interactive marketing, when consumers are exposed to
recommended content, they not only focus on the information itself, but also evaluate
whether the information presentation formats match the interactive logic conveyed by
AI roles. Consumers are more likely to develop positive purchase intentions only when
the two types of cues are effectively matched. This finding indicates that a single design
element cannot independently drive consumer behavior, and the synergistic matching
between information presentation formats and AI role types serves as a crucial mechanism
for improving the effectiveness of AI recommendations. This conclusion further deepens
academic understanding of the formation mechanism underlying consumer decision-
making in AI-powered interactive marketing.

Secondly, this study reveals that the influences of information presentation format
and role types on purchase intention are realized through the psychological mechanism of
processing fluency. According to the metacognitive experience theory, individuals make
subjective evaluations of the decision-making process based on the fluency of information
processing during decision-making [21]. Studies show that in assistant-type AI, vertical
information presentation reduces processing fluency but significantly increases purchase
intention. In partner-type AI, horizontal information presentation improves processing flu-
ency, which in turn motivates consumers to make purchases. This indicates that under the
combined effect of different AI role types and information presentation formats, processing
fluency exhibits non-linear influence characteristics. Consistent with existing studies, the
effect of information processing fluency on decision-making behavior is context-dependent,
and low-fluency processing can also positively influence decision-making under specific
conditions [32,41], which expands the previous perspective that only emphasizes its posi-
tive effect [35,37]. This further verifies the applicability of the experimental results in digital
marketing scenarios.

Finally, this study further finds that consumers’ AI knowledge plays a significant
moderating role in the impact of the matching between information presentation format
and role types on purchase intention. The research results show that compared with
consumers who have low AI knowledge, the impact of information presentation format
and AI role type on purchase intention is less pronounced among consumers with high
AI knowledge. In line with previous studies, consumers’ information processing process
is moderated by their past experience [49]. This result reasonably reflects the behavioral
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differences among consumers with different cognitive levels in digital interactive marketing
environments. Users with insufficient relevant knowledge are more likely to rely on
interface layouts and system role prompts, while users with abundant relevant knowledge
tend to make rational analyses rather than simply depend on processing fluency when
dealing with recommended information [50]. The research findings supplement the existing
research system of interactive marketing and verify the implementation effect of artificial
intelligence-based recommended marketing strategies, which, beyond technical design, are
also constrained by consumers’ capability to understand and interpret AI systems.

5.2. Theoretical Contributions and Implications

First, it extends the research on AI recommendation systems and interactive mar-
keting by revealing the interaction effect between information presentation format and
AI role type on consumers’ purchase intention. Most previous studies have explored
information presentation formats or AI role types as independent antecedent variables
affecting consumer behaviors. However, current research on interactive marketing pro-
poses that value creation in AI scenarios stems from the continuous interactions among
consumers, AI and interfaces [6,11]. Consistent with this viewpoint, the findings of this
study verify that information presentation formats and AI role types jointly influence
consumers’ purchase intention via their matching degree. Breaking through the limitations
of research perspectives focusing on single influencing factors, this conclusion confirms that
consumers develop holistic judgments by combining interface cues and role cues, which
further deepens academic understanding of the internal decision-making mechanism of AI
recommendation systems.

Second, this study extends the application of metacognitive experience theory to com-
plex human–AI interaction scenarios. Existing research on metacognitive experience has
largely focused on traditional cognitive tasks and information-processing contexts [23–25],
with limited attention to its applicability in AI-mediated marketing. By applying this theory
to AI recommendation systems, we demonstrate that perceived processing fluency mediates
the influence of information presentation format and AI role type on purchase intention.
This conclusion elaborates on how consumers convert interactive experiences into purchase
intention, identifies the critical psychological pathways through which AI recommendation
systems deliver marketing value, and enriches research in the field of interactive marketing.
From a broader perspective, the research findings also supplement existing content of
emerging research streams and help academia explore how AI technologies reshape users’
participation patterns and decision-making logic within interactive scenarios.

Finally, this study highlights the boundary role of consumers’ AI knowledge. Although
prior research has shown that processing fluency affects decision-making [35,37], the
moderating role of consumers’ AI knowledge remains underexplored. This study finds that
consumers with lower AI knowledge are more susceptible to the influence of information
presentation formats and AI role type compared to those with higher AI knowledge.
This finding indicates that individual differences among consumers serve as a critical
boundary condition affecting the effectiveness of AI recommendations, thereby offering a
new theoretical framework for future research in the field of AI recommendation systems.

5.3. Implications for Practice

This study provides specific strategic guidance for e-commerce platforms to optimize
the interface of AI recommendation systems and boost consumers’ purchase intention.
First, e-commerce platforms should carry out customized interface design by taking into
account the compatibility between information presentation format and AI role type.
Specifically, assistant-type AI is suitable for vertical information format to align with
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consumers’ expectation of in-depth browsing, while partner-type AI works better with
horizontal layouts to facilitate quick browsing, which can effectively stimulate consumers’
purchase intention. Secondly, optimizing consumers’ metacognitive experience should
be the core goal of recommendation system design. The research results indicate that
processing fluency plays a vital mediating role in the influence of information presentation
format and AI role types on purchase intention. Accordingly, platforms can improve the
consistency between information presentation and AI roles through interface optimization,
so as to enhance consumers’ metacognitive experience and further promote their purchase
intention. Finally, e-commerce platforms should adopt differentiated recommendation
strategies based on consumers’ AI knowledge. For consumers with low AI knowledge,
emphasis should be placed on matching information presentation format with AI role types
to increase their purchase intention. For those with high AI knowledge, more detailed
recommendation logic should be displayed to meet their needs for rational analysis and
further drive consumption behaviors.

5.4. Limitations and Future Research Directions

This study has several limitations. First, this research focuses on immediate decision-
making scenarios, while the formation of purchase intention may also be affected by long-
term effects [60], such as factors including brand trust [61] or brand meaning [62]. Future
studies can adopt longitudinal designs or long-term follow-up experiments to incorporate
temporal factors into the analytical framework, so as to more comprehensively reveal the
sustained impacts of information presentation formats and AI role types on consumer
decision-making. Second, although this study recruited diverse samples online to improve
representativeness, online data collection still has inherent limitations [63]. For instance, the
participants may have self-selection bias, and interfering factors in the online environment
may affect their cognitive processing and engagement level. To enhance the external validity
of research conclusions, subsequent studies can combine online experiments with controlled
laboratory experiments or field surveys, so as to control environmental variables more
accurately and verify the robustness of research results in different scenarios. Third, given
that recent research in interactive marketing highlights the necessity of establishing more
comprehensive theoretical logic to underscore research contributions [64], future studies
may incorporate additional theoretical perspectives and contextual factors to deliver a more
holistic explanation of interactive behaviors between consumers and artificial intelligence.
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Appendix A
All the experimental protocols were registered at (https://os.psych.ac.cn/preregisterdetail/

202604.00007V1, accessed on 8 June 2026). These materials are available on the Open Science
Framework and ensure the transparency and reproducibility of the research process.

Appendix B
The experimental materials are as follows.

Figure A1. Experimental materials of assistant-type AI in Study 1.

Figure A2. Experimental materials of partner-type AI in Study 1.
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Figure A3. Experimental materials of assistant-type AI in Study 2.

Figure A4. Experimental materials of partner-type AI in Study 4.

Appendix C
All scale items are shown in Table A1.
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Table A1. Scale items.

Variables Items Source

IVs

Information
Presentation format The information is presented horizontally. Self-drafted

Role Type 1. This chatbot is my assistant.
2. This chatbot is my partner. Youn & Jin, 2021 [33]

DV Purchase Intention
1. I am willing to purchase the products.

2. I will purchase the products.
3. I will purchase the products for a long time.

Bettiga et al., 2020 [53]

MV Processing Fluency

1. I find it difficult to process the information provided by AI when
reading it.

2. I find it hard to read the information provided by AI.
3. It takes me a long time to process the information provided by AI

when reading it.
4. I find it difficult to understand the information provided by AI

when reading it.

Kostyk et al., 2021 [56]

MoV Consumers’ AI
knowledge

1. I know a lot about AI recommendation systems.
2. I usually talk a lot about AI recommendation systems.

3. I usually think a lot about AI recommendation systems.

Y. Zhang et al., 2025
[20]

Attention Discrimination
Question

Participants were shown a quadrilateral pattern and asked to
identify whether it was a triangle or a quadrilateral.

Y. Zhang et al., 2025
[20]

CV Professional
Knowledge

Compared with others, how would you rate your level of
knowledge about this type of product?

Chinchanachokchai
et al., 2021; Mitchell &

Dacin, 1996 [54,55]
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