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Abstract
With the widespread application of Artificial Intelligence (AI), establishing high-
quality human-AI interaction relationships has emerged as a prominent research
focus. This paper conducts an in-depth analysis of the potential for harmonious
symbiosis between humans and AI, introducing the concept of “Human-AI Rap-
port” (HAR) along with its constituent components—relational harmony, mu-
tual understanding, and tacit coordination. By integrating this concept with
Media Naturalness Theory (MINT), the paper innovatively proposes a Human-
AI Rapport Promotion Model from the perspective of constructing naturalness
in human-AI interaction. This model not only profoundly elucidates the critical
roles and implementation pathways of cognitive, social, and emotional intelli-
gence in design, thereby providing a novel theoretical perspective for human-AI
interaction research, but also identifies critical issues requiring urgent in-depth
investigation and resolution. It advocates for the full exploitation of AI’s poten-
tial, expanding its application scenarios and value boundaries to foster mutual
adaptation between human society and AI technology, ultimately realizing the
vision of harmonious human-AI symbiosis.
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Abstract
As Artificial Intelligence (AI) becomes increasingly pervasive, establishing high-
quality human-AI interactive relationships has emerged as a critical research fo-
cus. This paper provides an in-depth analysis of the possibility for harmonious
coexistence between humans and AI, introducing the concept of “Human-AI
Rapport” (HAR) and its three constituent components: harmonious relation-
ship, mutual understanding, and tacit cooperation. By integrating this con-
cept with Media Naturalness Theory (MNT), this study innovatively proposes
a Human-AI Rapport promotion model from the perspective of constructing
naturalness in human-AI interaction. This model not only reveals the key roles
and implementation pathways of cognitive, social, and emotional intelligences
in AI design, providing a novel theoretical perspective for human-AI interac-
tion research, but also identifies pressing issues requiring future investigation.
The paper encourages the full realization of AI’s potential and the expansion
of its application scenarios and value boundaries to promote mutual adaptation
between human society and AI technology, ultimately achieving the vision of
harmonious human-AI symbiosis.

Keywords: Artificial Intelligence, Human-AI Rapport, Media Naturalness

Within the theoretical framework of Marxism, productive tools serve as im-
portant indicators of productivity development levels, and their evolution di-
rectly drives transformations in social production relations. Each leap forward
in productive tools is accompanied by tremendous gains in productivity, thereby
triggering adjustments in production relations and profound changes in social
structure. Today, AI has emerged as a new generation of productive tools,
permeating every aspect of human production and life. From smart homes to
medical diagnosis, from educational tutoring to customer service, AI is gradually
shedding its role as a mere tool and instead participating in social production as
a means of assistance, collaboration, and human capability enhancement (Kim
et al., 2022; G. Park et al., 2023; Pasternak et al., 2022; Steele et al., 2022),
becoming a crucial driving force in the development of new quality productive
forces (冯道杰, 2024). Against this important backdrop, harmonious symbiosis
between humans and AI is essential, and several core questions have become
increasingly prominent: What kind of relationship should humans and AI have
for dialogue and cooperation? How can high-quality interactive relationships be
established between humans and AI? This inquiry not only concerns user expe-
rience and acceptance of AI technology but also directly impacts the practical
effectiveness and future prospects of AI applications (Pentina, Xie, et al., 2023).

Previous research has consistently emphasized the importance of rapport in
human-AI interaction and advocated for promoting such rapport as a core ori-
entation in AI design (Lee et al., 2024; Mai et al., 2021; Nichols et al., 2022; G.
Park et al., 2023). However, these discussions have largely remained within the
traditional frameworks of interpersonal rapport or professional rapport (Tickle-
Degnen & Rosenthal, 1990; Gabbert et al., 2021), failing to construct a unique
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conceptual system or theoretical model specifically for rapport between humans
and AI. Clearly, simply applying interpersonal rapport theories to human-AI
relationships has limitations and is not entirely appropriate. In light of this, this
study innovatively proposes the concept of “Human-AI Rapport” (HAR) to de-
scribe the quality of the relationship between humans and AI when users accept
AI services or engage in professional interactions with AI. This concept aims
to provide a more solid and targeted theoretical foundation for future research,
thereby advancing the field to deeper levels.

Current research on HAR involves multiple disciplines including psychology and
computer science. Psychology, as a science that deeply analyzes the cognition,
behavior, emotions, and affect of interacting parties, provides the theoretical
foundation required for data collection, annotation, and model construction in
HAR research. Computer science, meanwhile, provides the technical means (de-
vices, algorithms, programs) to achieve comprehensive collection, precise com-
putation, and innovative generation of multimodal data. The two complement
each other and jointly promote the development of HAR theory and practice.
Against this backdrop, this study aims to explore the connotation and establish-
ment strategies of HAR, hoping to provide useful references and insights for the
human-centered design of AI technology, optimization of user experience, and
harmonious construction of human-AI relationships.

2.1 Interpersonal Rapport and Professional Rapport

In interpersonal interactions, relationships characterized by harmony, smooth-
ness, and synchrony are referred to as rapport, which represents good rela-
tionship quality and tacit understanding, and is one of the typical features of
many successful interactions (Gratch et al., 2007). Tickle-Degnen and Rosen-
thal (1990) propose that rapport comprises three components: positivity, which
refers to the friendliness and warmth between both parties; attention, which
refers to mutual interest and concern; and coordination, which refers to the per-
ception of balance and harmony during interaction. From a third-party obser-
vation perspective, rapport also has three corresponding manifestations: head,
facial, and vocal expressions (such as nodding, smiling, and pitch variation) re-
flect positivity between the parties; static body movements represent attention;
and dynamic body movements (such as adjusting posture to adapt to the other)
enhance coordination (Hendrick, 1990). Past research has demonstrated that
rapport in interpersonal interactions can produce positive effects in fields such
as negotiation, management, psychological counseling and therapy, teaching,
and nursing (Gabbert et al., 2021; Gratch et al., 2007; Kim et al., 2022).

In contrast to general social contexts, after systematically reviewing research
on the use and measurement of rapport in professional information-gathering
contexts, Gabbert et al. (2021) proposed the concept of professional rapport-
building, which refers to the intentional use of rapport-facilitating behaviors
in professional settings (such as negotiations and investigative interviews) to
promote positive interactions with work targets. Therefore, while rapport dis-
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cussed in social domains represents an interactive state to be achieved in ideal
and high-quality interpersonal interactions, in time-constrained professional do-
mains, rapport is a task-oriented practical strategy and means used by inter-
viewers/consultants/interviewers to establish connections, facilitate dialogue,
and achieve goals with work targets, though it does not necessarily establish
genuine and long-term rapport (Brouillard et al., 2024; Gabbert et al., 2021;
Neequaye, 2023). Functionally, there are three main approaches to building
rapport: (1) customizing interviews through self-disclosure and discussing per-
sonal matters; (2) demonstrating approachability through smiling, open body
language, and appropriate tone; and (3) showing positive regard for interviewees
through active listening, eye contact, understanding, and affirmation (Gabbert
et al., 2021).

2.2 Concept and Components of Human-AI Rapport

Similar to the scenarios where professionals conduct work mentioned above, AI
functions have also evolved from simply executing commands to more intelli-
gent applications such as collecting user information, analyzing user intentions,
achieving understanding and empathy, and providing services and companion-
ship (侯悍超等, 2024; Kim et al., 2022; Ranjbartabar et al., 2021). Therefore, it is
necessary to discuss whether the aforementioned rapport and building strategies
are equally applicable to human-AI interactions in professional contexts.

Although embodied AI agents can mimic users’ nonverbal behaviors to “fabri-
cate” positivity, attention, and coordination in human-AI interaction (Huang
et al., 2011; Lubold et al., 2021), they cannot achieve physiological synchrony
and neural synchrony (McNaughton & Redcay, 2020). Excessive attention from
machines may also cause users to feel their safety and privacy are threatened,
leading to panic and aversion (Koller et al., 2023). Moreover, a large number of
non-embodied AI agents are also helping professional workers or users achieve
task goals (Chattaraman et al., 2019; G. Park et al., 2023), but they cannot
use behavioral expression strategies (such as changing body posture and facial
expressions) to build rapport with humans. Therefore, traditional rapport con-
cepts and frameworks may be poorly adapted to human-AI interaction.

This paper combines the concept of traditional interpersonal rapport with the
particularities of human-AI interaction mentioned above (Diederich et al., 2022)
to propose the concept of “Human-AI Rapport,” which refers to the degree
to which users experience harmonious relationship, mutual understanding, and
tacit cooperation with AI in the process of using AI to achieve various profes-
sional work goals. It represents users’ subjective perception of the depth and
quality of the interactive relationship. The three components in this concept
are related to yet distinct from the three dimensions of traditional interpersonal
rapport (see Table 1 ): harmonious relationship is built upon “positivity” but
emphasizes users’ good experience of the overall cooperative atmosphere (an
experience that does not merely come from AI’s consistently positive feedback).
Mutual understanding is built upon “attention,” requiring AI’s attention to be
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reflected not only in collecting user behavioral data but also in understanding
the intentions behind user behaviors and expressing this understanding in ways
acceptable to users. Tacit cooperation is built upon “coordination,” specifically
referring to the ability to tacitly maintain synchrony with users while achieving
complementarity with them during cooperation (such as personalized recommen-
dations and memory assistance) without requiring user requests or emphasis.

Table 1 Components of Human-AI Rapport

Component Theoretical Basis
Harmonious Relationship Users’ good experience of the overall

cooperative atmosphere
Mutual Understanding Understanding intentions behind user

behaviors and expressing this understanding
Tacit Cooperation Maintaining synchrony with users while

achieving complementarity during cooperation

A review of the literature reveals that concepts similar to HAR include AI
usage, trust in AI, attitudes toward AI, and relationship with AI. To clearly
delineate the differences between HAR and these related concepts and highlight
its unique theoretical value, it is necessary to provide a detailed and in-depth
elaboration (see Table 2 ). First, the connotations and evaluation contents of
each concept differ. AI usage refers to individuals’ behaviors or willingness to
accept and adopt AI (王涛等, 2024; B. Li et al., 2023). Attitudes toward AI
refer to individuals’ psychological tendencies to approve of or resist AI being
used in work, life, and decision-making (De Freitas et al., 2023; J. Park et al.,
2024). Relationship with AI refers to the degree of affection and emotional de-
pendence that gradually develops between users and AI as contact time and AI
roles change (Pentina, Hancock, et al., 2023; Tschopp et al., 2023). Trust in AI
refers to users’ positive expectations regarding interactions with AI when facing
AI uncertainty and unpredictability, including both evaluations of AI functional
reliability and identification with the values and ethics behind AI algorithms, as
well as corresponding psychological security (Asan et al., 2020; Choung et al.,
2023). Second, the concepts differ in their degree of generalization when eval-
uating AI and its application scenarios. HAR focuses on evaluations of users’
interactions with specific AI agents in professional contexts, with clear direc-
tionality; other concepts are not limited to evaluations of specific AI agents or
interaction scenarios and may generalize to evaluations of broad AI technology
and application scenarios. Such evaluations derive from both actual usage ex-
perience and external information such as others’ experiences, viewpoints, and
news reports. Finally, HAR differs from other concepts in the dimension of
evaluation objects. Other concepts typically direct evaluation from humans to
AI, focusing on unilateral considerations of AI; HAR emphasizes evaluating the
bilateral relationship during users’ professional interaction processes, meaning
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its evaluation content is rooted in factors elicited by the interaction itself rather
than focusing solely on AI’s characteristics.

Table 2 Distinctions Between Human-AI Rapport and Related Concepts

Concept
Content
Described

Degree of
Generalization

Evaluation
Dimension

Human-
AI
Rap-
port

Understanding,
harmony, tacit
cooperation

Low: evaluation of
specific AI and
professional interaction
scenarios only

Bilateral
relationship
evaluation

AI
Usage

Acceptance and
adoption
behaviors

High: not limited to
specific AI and
scenarios (may
generalize to broad AI
technology and
application scenarios)

Unilateral AI
evaluation

Attitudes
Toward
AI

Degree of
support or
resistance

High: not limited to
specific AI and
scenarios (may
generalize to broad AI
technology and
application scenarios)

Unilateral AI
evaluation

Relationship
With
AI

Affection and
emotional
dependence

High: not limited to
specific AI and
scenarios (may
generalize to broad AI
technology and
application scenarios)

Unilateral AI
evaluation

Trust
in AI

Reliability,
psychological
security

High: not limited to
specific AI and
scenarios (may
generalize to broad AI
technology and
application scenarios)

Unilateral AI
evaluation

3.1 Application of Interpersonal Rapport Models in Human-AI Con-
texts

Previous research on human-AI relationships has largely assumed that theories
related to human relationships can provide further insights into the development
of human-AI relationships (Seymour & Van Kleek, 2021; Xie & Pentina, 2022),
and scholars have widely applied Tickle-Degnen and Rosenthal’s (1990) inter-
personal rapport model (i.e., positivity, attention, and coordination) to research
on building and predicting HAR (Gratch et al., 2007; Maxim et al., 2023; Paster-
nak et al., 2022). For example, Huang et al. (2011) developed Virtual Rapport
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2.0 based on the Virtual Rapport 1.0 virtual agent (Gratch et al., 2006) using
the interpersonal rapport model as a framework. They employed a data-driven
approach to enhance the attentiveness and coordination of the interactive rela-
tionship and used emotional response and reciprocity enhancement techniques
to strengthen the positivity of emotional communication. Results showed that
compared to version 1.0, version 2.0 effectively improved users’ perception of
rapport (Huang et al., 2011).

3.2 Media Naturalness Theory

Kock’s (2004) Media Naturalness Theory (MNT) posits that humans are biolog-
ically predisposed to communicate through voice, facial expressions, and body
language. This natural communication includes five elements: (1) sharing the
same environment where parties can see and hear each other; (2) obtaining
real-time and synchronous feedback from partners; (3) being able to convey
and observe facial expressions; (4) being able to convey and observe body lan-
guage; and (5) being able to convey and hear voice. However, as technology
develops, technology-mediated interaction has become increasingly common,
but these interactions often fail to meet the above elements and inhibit many
natural features of face-to-face communication. Consequently, naturalness in
interaction—the degree to which interactive media achieves similarity to face-
to-face communication through technology (Kock, 2004)—has become key to
addressing this issue. It emphasizes creating a sense of synchronicity and col-
location in interaction by simulating face-to-face voice, facial expressions, and
body movements, making technology-mediated interaction as close as possible
to natural face-to-face communication (Kock, 2004, 2005). MNT further pro-
poses that decreasing cognitive effort, reducing communication ambiguities, and
increasing physiological arousal are the three core mechanisms for enhancing in-
teraction naturalness (Kock, 2004).

3.3 A New Human-AI Rapport Promotion Model

Although interpersonal rapport theoretical models have been widely applied
in human-AI interaction research, inherent differences between the two deter-
mine that the direct applicability of interpersonal rapport-building strategies
in human-AI interaction contexts is not absolute (Ter Stal et al., 2021). More-
over, previous research on HAR has been relatively fragmented and has not
yet formed a systematic and complete theoretical model for exploring how to
promote HAR. MNT provides effective and specific implementation pathways
for establishing and promoting HAR—the stronger AI’s naturalness, the more
inclined humans are to view it as a synchronous and collocated communication
partner, accompanied by positive perceptions and attitudes. Therefore, build-
ing harmonious and rapport relationships between humans and AI, and making
AI be perceived as “human-like” by humans, hinges on AI design being closely
centered on human experience and focusing on enhancing the naturalness of its
interaction with humans. This study attempts to combine the newly proposed
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concept and structure of HAR with the core ideas of MNT to propose a new
HAR promotion model (see Figure 1

Figure 1: Figure 1

).

The model has two layers. The outer layer comprises design objectives for
human-AI interaction, including HAR objectives (three vertices representing
the three evaluation dimensions of HAR) and media naturalness objectives (lines
connecting any two dimensions, representing that achieving these objectives can
enhance corresponding rapport perceptions). The inner layer comprises path-
ways to achieve these objectives, including three types of AI intelligence: cogni-
tive intelligence, social intelligence, and emotional intelligence. From inside to
outside, through technological improvements, enhancements in AI’s three types
of intelligence will effectively achieve the three core interaction objectives in
MNT, significantly improving AI’s naturalness (Chandra et al., 2022), ensur-
ing humans remain fluent and engaged when communicating with AI, thereby
making the human-AI interaction process more closely resemble authentic inter-
personal interaction experiences, and ultimately promoting HAR through these
three pathways.

4 Strategies for Promoting Human-AI Rapport
Based on the above HAR promotion model, AI design aimed at enhancing nat-
uralness is the fundamental strategy for improving rapport between users and
AI. Researchers and designers need to explore how to effectively promote HAR
from three perspectives: cognitive intelligence, social intelligence, and emotional
intelligence:

4.1 Enhancing Cognitive Intelligence

The goals of mutual understanding and tacit cooperation between humans and
AI place higher demands on AI’s cognitive intelligence. Thanks to evolution,
the human brain can easily recognize and process interpersonal communication
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signals such as facial expressions, body movements, and voice without exces-
sive cognitive effort. However, when communicating with low-naturalness AI,
humans may need to expend more cognitive effort and learn new communica-
tion strategies to understand AI or make themselves understood by AI, which
is not conducive to building rapport. Therefore, AI should not merely be a
passive tool that answers user questions or provides computational results; it
needs to demonstrate cognitive intelligence, particularly the ability to under-
stand, summarize, and reason about user instructions and intentions, and to
respond correctly, adaptively, and appropriately. This reduces users’ cognitive
burden during interaction with AI—that is, reducing the cognitive effort spent
on repetition, explanation, and clarification (Hudon et al., 2021)—thus enabling
users to perceive mutual understanding with AI and achieve synchronized and
complementary tacit cooperation.

Today’s deep learning technology has endowed AI systems with pattern recog-
nition and feature extraction capabilities that demonstrate intelligent levels of
cognitive intelligence, enabling them to perceive user needs and execute complex
tasks in more adaptive ways, thereby enhancing user experience. For example,
topic spotting technology proposed by researchers can help dialogue systems au-
tomatically infer conversation topics, making dialogue systems more engaging
and efficient and helping maintain long-term conversations with users, which
can facilitate mutual understanding and rapport building between humans and
AI (Chitkara et al., 2019).

Memory and recall capabilities are also important cognitive abilities (Richards
& Bransky, 2014). If AI can “remember” previous conversations with users
and appropriately “recall” relevant “memories” during conversation, it can ef-
fectively promote their interaction (Kasap & Magnenat-Thalmann, 2012). This
is not only a manifestation of intelligence but also allows the agent to better un-
derstand users through their background knowledge (Richards, 2017; Richards
& Bransky, 2014). Moreover, in interaction, AI’s recall of information must
be natural and context-appropriate; otherwise, it will damage users’ percep-
tion of tacit cooperation (Richards & Bransky, 2014). Conversely, if AI lacks
memory and recall capabilities, humans must invest more cognitive resources
in repetition and information prompting during interaction, creating a negative
interactive experience of not being understood.

Nichols et al. (2022) established a dialogue generation strategy called Tiers of
Friendship that enables agents to establish deeper conversation topics with users
based on historical dialogues, thereby enhancing rapport with users (Nichols et
al., 2022). Corresponding to memory is the question of how AI should “tacitly”
demonstrate “forgetting” with users (Ellwart & Kluge, 2019), because humans
may not want all information to be remembered. This places higher demands
on agents’ sensitivity and adaptivity (Richards & Bransky, 2014).

chinarxiv.org/items/chinaxiv-202509.00001 Machine Translation

https://chinarxiv.org/items/chinaxiv-202509.00001


4.2 Exhibiting Social Intelligence

In low-naturalness human-AI interaction, the lack of nonverbal social cues often
triggers communication ambiguity and negative user impressions, which hinder
relationship establishment and create obstacles for tacit cooperation (Feine et
al., 2019; I. Park et al., 2023). Similar to strategies for building rapport in
interpersonal interactions (Cheung et al., 2015; Kulesza et al., 2016; Lin & Lin,
2017), researchers have endowed AI with nonverbal communication capabilities
through animated figures, mechanical devices, and voice output, enabling users
to perceive naturalness in communication and cooperation through AI’s posture
(Riek et al., 2010), gestures (Cade et al., 2011; Lubold et al., 2021), facial ex-
pressions (Pasternak et al., 2022), and vocal tone (Lubold et al., 2021), thereby
establishing good HAR.

Beyond social cues, providing identity cues is also a social strategy that helps
individuals build good relationships with others and increase social influence
(Taylor et al., 2023). For AI, merely mimicking nonverbal behaviors is insuffi-
cient to provide enough social intelligence to enhance its naturalness. AI needs
to more proactively provide identity cues and background information for inter-
action to users, thereby reducing communication ambiguity and increasing its
social presence in users’ eyes (Chen et al., 2023; Go & Sundar, 2019), which
triggers users to respond to technology in the same way they treat humans
(Westerman et al., 2020). For example, researchers made social improvements
to robots assisting convenience store employees, such as proactively greeting
employees through text or voice, introducing themselves, and explaining role
assignments, which caused employees to perceive the robot as a friendly social
other, effectively promoting task cooperation, improving employees’ perception
of the work atmosphere, and forming HAR (Takahashi et al., 2022).

Similarly, AI self-disclosure can make users more willing to open up (Neef et
al., 2022), and this strategy has been proven to promote coordination and posi-
tive rapport between both parties and improve AI’s effectiveness in completing
corresponding tasks in health, teaching, and negotiation AI (Mai et al., 2021;
Neef et al., 2022; Zhao et al., 2018). Additionally, AI addressing users by name
and engaging in small talk has also been proven as a manifestation of social
intelligence that can build rapport with users (Lee et al., 2024).

4.3 Optimizing Emotional Intelligence

Elements unique to human face-to-face communication (such as facial expres-
sions) contribute to physiological arousal, bring positive emotional experiences,
and promote mutual understanding (Krumhuber et al., 2013). When low-
naturalness AI interacts with humans, these elements are easily suppressed,
resulting in lower perceived excitability and loss of many emotional experiences
beneficial to interaction (Kock, 2004, 2005). AI with emotional intelligence will
enhance users’ physiological arousal, thereby increasing naturalness, allowing
users to experience that AI’s emotional expressions come not from machines’
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uniform, undifferentiated reactions but from perception and understanding of
human emotions, and responding in ways that express understanding and em-
pathy, thereby promoting rapport establishment (Tickle-Degnen & Rosenthal,
1990).

Therefore, emotional intelligence is an indispensable component in building
HAR, representing AI’s comprehensive ability to perceive, use, understand, and
manage emotions (侯悍超等, 2024). First, AI captures subtle emotional changes
from users’ facial expressions and even physiological signals, which is the foun-
dation for understanding user needs and predicting user reactions. For example,
by integrating computer expression recognition toolboxes, AI can analyze users’
expressions and emotional states in real time and adjust its response strategies
accordingly to communicate with users in more appropriate ways (Cerekovic et
al., 2017). Second, although humans often express emotions through nonverbal
behaviors (facial expressions, posture, tone, etc.), AI that interacts with users
through language can also develop the ability to identify, analyze, and interpret
users’ emotional states from conversational context using deep learning, natural
language processing, and machine learning technologies (Anzum & Gavrilova,
2023; Chen et al., 2024; D & Juliet, 2023).

On the basis of recognition and understanding, responding to users with empa-
thy is an effective means to enhance coordination and attention in human-AI
interaction, and related technologies for empathetic dialogue generation have
gradually matured, providing guarantees for improving human-AI interaction
experience and relationship quality (侯悍超等, 2024). When AI makes respon-
sive movements or expressions, or demonstrates resonance with users’ emotions
through dialogue, users feel understood and supported, thereby establishing
stronger emotional bonds and rapport (Abdulrahman et al., 2021; Chen et al.,
2024; Namkoong et al., 2024; Ranjbartabar et al., 2021).

5 Discussion and Outlook
This paper innovatively proposes the concept of HAR, explores its connotation
in depth by integrating literature from the human-AI relationship field, and
specifically discusses how to effectively establish HAR within the integrated
framework of MNT and HAR, further enriching the theoretical framework of
this field, providing a new perspective for human-AI relationship research, and
offering suggestions for future AI design and optimization. Future research
should conduct deeper investigations into the following issues in this field.

5.1 Measurement of Human-AI Rapport

Previous research has used different questionnaires to measure users’ percep-
tion of HAR. The main measurement approaches fall into three categories: (1)
measurements based on the three-factor model proposed by Tickle-Degnen and
Rosenthal (1990) as content and dimensions (Lubold et al., 2018; Steele et al.,
2022). (2) Measurements that integrate indicators of attitudes, relationship, and
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trust as previously described. The most common is the rapport scale developed
by Gratch et al. (2007), consisting of 10 items that evaluate rapport between
users and AI entities from 10 perspectives: sense of connection, sense of under-
standing, helpfulness, credibility, likability, naturalness, favorability, anthropo-
morphism, persuasiveness, and recommendability, which has been adapted and
adopted by many researchers (Acosta & Ward, 2011; Lubold et al., 2021; Ter
Stal et al., 2021). (3) The use of other concepts and corresponding scales, such
as working alliance (Mai et al., 2021) and social presence (Huang et al., 2011).

In the future, based on a deeper understanding of the concept and structure of
HAR, there is an urgent need to develop more authoritative and valid self-report
scales to ensure research coherence and accuracy, thereby avoiding biases caused
by measurement method differences and laying a solid foundation for research
progress in this field. Additionally, some objective indicators can be used to sup-
plement the measurement of HAR in experimental processes. Previous research
has often used behavioral indicators; for example, Wong and McGee (2012) used
the length and fluency of participants’ speech as indicators of experienced HAR,
while Lubold et al. (2021) recorded the frequency of participants’ use of polite
language, praise for AI, speaking AI’s name, and using “inclusive” language
(such as “we”) to comprehensively measure HAR, supplemented by self-report
scales. Users’ facial expressions can also be recognized and used to determine
whether rapport exists (Sharma et al., 2021). With the deepening research on
the brain and physiological mechanisms of interpersonal rapport (Ellingsen et
al., 2022), physiological indicators such as EEG, ECG, and EMG can also be
collected from users during interaction with AI to reflect users’ perception of
rapport.

5.2 Direction of AI Intelligence Enhancement

AI’s computing power and intelligence are becoming increasingly advanced with
technological development and can gradually assist or replace humans in com-
pleting complex tasks. However, from the perspective of HAR as a goal, does
higher AI intelligence absolutely positively affect HAR? According to MNT, me-
dia that differ greatly from face-to-face communication may require more cogni-
tive effort even if they have rich nonverbal cues and rapid feedback mechanisms,
because they do not conform to humans’ biological communication mechanisms
(Kock, 2004). This further demonstrates that the key factor in establishing
HAR is not AI’s cognitive, social, and emotional intelligence per se, but how
intelligence enhancement affects users’ perception of naturalness in human-AI
interaction. Existing research in social intelligence (Chattaraman et al., 2019;
Pecune et al., 2020) and emotional intelligence (Ranjbartabar et al., 2021; Ter
Stal et al., 2021) has also proven that if intelligence enhancement contradicts
users’ interaction goals, it may negatively affect HAR. However, when AI uses
algorithms to understand user needs and goals and intelligently adjusts its so-
ciability and emotional expression, it can effectively improve HAR (Pecune et
al., 2020). Therefore, future research can further explore how to improve the
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direction of AI intelligence enhancement to better match the goals of human-AI
relationship development.

5.3 Exploring More Symbiotic Human-AI Relationships

Previous research on HAR has mostly explored how AI applied in professional
service fields or interacting with users in single, short-term laboratory sessions
is perceived and evaluated by users (Huang et al., 2011; Pasternak et al., 2022;
Ranjbartabar et al., 2021). With social and technological development, AI will
assume more roles that require establishing rapport (such as personal assistants,
intelligent life companions, virtual partners, etc.), will spend longer time with
users, and may have fixed names, stable personality traits and identity, and even
experiences formed through long-term co-living (W. Li et al., 2023). This will
continuously expand AI’s applicable scenarios and application value and give
rise to more symbiotic human-AI interaction patterns that emphasize rapport,
also bringing more challenges for future human society to accept and adapt to
AI technology. Therefore, building upon the new concept and theoretical model
proposed in this study, future research should focus on more complex types of
human-AI relationships in terms of symbiosis (such as multi-stakeholder per-
spectives; Law et al., 2024) to stimulate more discussion and practice regarding
future visions of human-AI cooperation, driving AI technology toward more
natural, pleasant, and sustainable development, and truly realizing the vision
of harmonious human-AI symbiosis.
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