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Abstract

Purpose — Human—agent interaction (HAI) is increasingly influencing our personal and work lives through
the proliferation of conversational agents (CAs) in various domains. As such, these agents combine intuitive
natural language interactions by also delivering personalization through artificial intelligence capabilities.
However, research on CAs as well as practical failures indicates that CA interaction oftentimes fails
miserably. To reduce these failures, this paper introduces the concept of building common ground for more
successful HAIs.

Design/methodology/approach — Based on a systematic literature analysis, we identified 38 articles meeting
the eligibility criteria. We critically reviewed this body of knowledge within a formal narrative synthesis
structured around the use of common ground in the interaction with CAs.

Findings — Based on the systematic review, our analysis reveals five mechanisms for achieving common
ground: embodiment, social features, joint action, knowledge base and mental model of conversational agent.
We point out the relationships between these mechanisms as they are related to each other in directional and
bidirectional ways.

Research limitations/implications — Our findings contribute to theory with several implications for CA
research. First, we provide implications about the organization of common ground mechanisms for CAs.
Second, we provide insights into the mechanisms and nomological network for achieving common ground when
interacting with CAs. Third, we provide a broad research agenda for future CA research that centers around the
important topic of common ground for HAIL

Originality/value — We offer novel insights into grounding mechanisms and highlight the potentials when
considering common ground in different HAI processes. Consequently, we secure further understanding and
deeper insights of possible mechanisms of common ground to shape future HAI processes.
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1. Introduction

Today, artificial intelligence (AI) is pervasive as it influences a lot of different areas in our
private and working lives, for instance through Al-based conversational agents (CAs). Al
mimics our human natural intelligence, in this context, it can lead an intelligent conversation
with a human counterpart (Elshan et al., 2022). CAs frequently assist in our individual lives
(Janson, 2023), with OpenAI’s ChatGPT being a significant recent innovation in this field
(Schobel et al., 2024). These CAs interact with humans to achieve goals, improve through
learning and are recognized as a unique type of information system (IS) entity characterized by
their intelligence and interaction capabilities (Elshan et al., 2022). Consequently, the
collaboration between humans and CAs is becoming crucial, highlighting the importance of
investigating their conversational aspects (Seeber et al., 2020a, b).

While these Al-based CAs emulate human-like behavior and interaction patterns (Vassallo
et al., 2010), their reliance on rule-based mechanisms or large language models (LLMs)
distinguishes them from human counterparts. Despite their potential for effective
communication, these distinctions create fragility in conversational interactions, leading to
dialogues that can easily fail due to misunderstandings (Benner et al., 2021). Such failures
impact the effectiveness between humans and CAs (Luger and Sellen, 2016). CAs sometimes
provide none, wrong, or incomprehensible responses, which leads to discomfort, annoyance,
and questioning of the capabilities of the CA, which can end up in usage discontinuance and
hinder the future success and spread of CAs (Weileret al., 2022; Chakrabarti and Luger, 2015).
Thus, improving the communication between humans and CAs is an important goal for
researchers and practitioners (Meredith, 2017) as dialogue understanding is an inherently
interactive process.

Despite the ambiguity of language, human dialogue partners understand each other
remarkably well. This is because they establish common ground (Clark and Brennan, 1991).
The interactive process to achieve dialogue understanding is called conversational grounding
and describes the coordinative process through which dialogue partners establish mutual
knowledge, beliefs, and assumptions, collectively referred to as common ground (Koulouri
et al., 2016). Following, we define common ground as the mutual and individual knowledge,
beliefs, assumptions, and expectations shared by communicative partners during an
interaction (Clark, 1996). Nevertheless, identifying the needs and capabilities in the context
of human-computer interaction (HCI) and developing presumptions about what the CA can do
and understand is a great challenge. On the other way around, it is also difficult for system
designers to guess how the human part of the dialogue will act (Koulouri et al., 2016).
Moreover, achieving common ground is an identified gap for human-machine teaming (Wray
etal., 2022), but despite its importance, there are several ambiguities concerning the definition
and application of common ground, shared understanding, or grounding in human-agent
communication (Kontogiorgos, 2022). This might be due to the connection of different
research fields (common ground from psychology and linguistics; and CAs from HCI) and
leads to confusion about the actual meaning and underlying mechanisms of common ground in
human-agent interaction (HAI). Further, comprehending how to achieve common ground
between two individuals and transferring these mechanisms to human-agent communication is
critical for enhancing conversational interactions. Beyond purely perfect answers, it is
important to gather a common ground between users and CAs because this understanding
fosters a coherent mental model that aligns user expectations with the capabilities of CAs.
Such alignment ensures more effective communication, enabling CAs to provide not just
accurate but contextually relevant responses, ultimately enhancing user satisfaction and
interaction quality. Critically, to date, there is no systematic review examining how common
ground is achieved in HAI, highlighting a significant gap in understanding the mechanisms
that foster common ground between humans and CAs.

The above-described lack of comprehensive investigation underscores the necessity for an
in-depth review elucidating the intricacies of establishing common ground within human-
agent communication, an area vital for advancing the effectiveness and quality of interactions



between users and CAs. Therefore, we review in this paper prior literature and contribute to the
literature of common ground by answering the following research questions:

RQ1. How is common ground in communication between a human and a conversational
agent achieved?

RQ2. What are the relationships between the mechanisms for achieving common ground
in the interaction between a human and a conversational agent?

We answer the first research question by reviewing previous studies to distill the mechanisms
of common ground. Then, to answer the second research question, we conducted a detailed
analysis of how the mechanisms found relate to one another. By answering these questions, we
provide an assessing overview of the relevant findings for common ground in CA research,
identify research gaps, and provide an agenda for research avenues to engage the uprising
stream of research that tackles the future of HAIS.

2. Theoretical background
2.1 Common ground
It is well investigated that senders adapt to the supposed needs and capabilities of the recipient
in a dialogue (Clark and Brennan, 1991). That is why people speak differently to children,
friends, foreigners, and colleagues. Dialogue understanding is an interactive process, aiming
to resolve misunderstandings and build mutual understanding. Therefore, common ground is
predominantly a communication theory. Psycholinguistic research has examined how
dialogue partners achieve understanding and prevent misunderstandings and
communicative breakdowns. The social and collaborative aspects of human conversation
are well established. Theories in more linguistic areas focus on how individuals coordinate
their linguistic behavior to promote understanding through shared language patterns and
examine how individuals adapt their language to become more like their partners, thereby
promoting psychological closeness [1]. To establish common ground, an interactive process to
generate understanding in conversations is needed (Koulouri et al., 2016). Common ground
contains the background knowledge on which the communication planning of the
conversational partners builds on and can be divided into the global knowledge (all
knowledge about the conversational partner and their knowledge requirements) and the
situational knowledge (knowledge about the mutual perception conditions and the
communication protocol). Grounding processes lead to a coordination of the background
knowledge of the conversational partners (Clark, 1996; Clark and Brennan, 1991).
Successful grounding results in a shared context, guided comprehension, instant feedback
of actions, and enhanced processes in conveying intent (Brennan, 1998). Dialogue partners
form shared representations of what they are talking about, and then jointly modify these
representations (Brennan, 1991). Through adding mutually understood contents, a
continuously updated shared knowledge base is created and is available for subsequent use
in the conversation (Clark and Wilkes-Gibbs, 1986). This joint process of adding and adapting
contents of common ground from conversational turn to conversational turn has been
formalized in the contribution model (Clark and Schaefer, 1989). During the conversation,
senders “check” that addressees understand what they are saying. In contrast, addressees
provide different forms of evidence to let senders know about their understanding. For
example, this could be implicit acknowledgments, like reacting to requests or active listening,
or explicit feedback, like nodding, or saying “okay” or “Sorry . . . ?”” (Clark and Schaefer, 1989;
Clark and Brennan, 1991). This verbal grounding does not bring new information or
arguments to the conversation. It is more like a semantic mechanism to check that both
dialogue partners received and understood the sender’s contribution. Responses can get
interconnected and contingent on what has been said previously in the conversation by
mutually grounding the conversational partner’s input (Sundar et al., 2010). This is a
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fundamental element of human communication and gives the sender a signal that the dialogue
partner is actively listening (Ghose and Barua, 2013). It is crucial to distinguish between
disagreement and miscommunication. Achieving common ground is not about dialogue
partners agreeing with each other but forming appropriate meta-perspectives in relation to the
conversational context (Clark and Brennan, 1991).

As we focus on common ground in our study, we must acknowledge conceptual clarity
regarding other concepts that share commonalities with common ground. Shared
understanding (see Table 1 for a definition) is an important concept that shares certain
aspects with common ground studied in this paper. Coming back to our initial definition,
common ground refers to the mutual and individual knowledge, beliefs, assumptions, and
expectations shared by dialogue partners. In contrast, shared understanding encompasses a
broader cognitive alignment regarding the interpretation of concepts between dialog partners.
Shared understanding is defined as a comprehensive and stable mutual agreement among
individuals or groups regarding the interpretation of concepts, the value of properties, and
mental models that transcend immediate interaction and foster effective collaboration toward
common goals (Bittner and Leimeister, 2014). In consequence, the two concepts share a
conceptual overlap in certain contexts. Following both definitions, the concepts have in
common that they form a basis for effective communication and coordination among
individuals or groups (Foundation in Communication). Moreover, they facilitate interaction by
enabling individuals to understand each other better, fostering smoother communication
(Enhancing Interaction) and they contribute to collaborative efforts by aligning knowledge
and comprehension (Supporting Collaboration). Lastly, both concepts can evolve or change
over time based on ongoing interactions or discussions (Dynamic).

With the paper focusing on common ground, it is also important that we look at the
conceptual differences of both concepts. First, common ground primarily focuses on
immediate context and interaction, whereas shared understanding extends beyond immediate
interaction, encompassing broader domains or subjects (Scope of Application). Second,
shared understanding tends to be relatively stable over time, while common ground is more
dynamic and subject to change during interaction (Stability). Third, common ground evolves
during interaction, adapting to the immediate communicative needs, while shared
understanding remains more static (Evolution). Fourth, shared understanding implies a

Table 1. Contrasting common ground and shared understanding

Concept Definition Key characteristics

Common Common ground refers to the mutual and - Mutual knowledge shared by

ground individual knowledge, beliefs, and communicative partners
assumptions shared by communicative - Context-specific information for
partners during a conversation. It involves effective communication
the context-specific information necessary -  Dynamic and evolving during interaction
for effective communication and (Clark and Brennan, 1991)

coordination (Clark, 1996; Clark and
Brennan, 1991)

Shared Shared understanding involves a - Deeper and broader comprehension
understanding comprehensive and stable mutual beyond immediate interaction
agreement among individuals or groups - More comprehensive and relatively
regarding the interpretation of concepts, stable
the value of properties, and mental models - May include broader concepts or
that transcends immediate interaction and domains (Bittner and Leimeister, 2014;
fosters effective collaboration toward Johnson and O’Connor, 2008)
common goals (Bittner and Leimeister,
2014)

Source(s): Authors’ own work




more profound level of shared knowledge or comprehension, often incorporating complex or
abstract concepts compared to common ground, which deals with more context-specific
information (Depth of Knowledge).

While our primary focus is on common ground, we also include shared understanding in the
following review to ensure a comprehensive examination of the topic (see highlighted areas of
Figure 1). Common ground, rooted in basic psychology, is not widely recognized in IS
research. Consequently, researchers often use similar concepts under different names
unknowingly. To address this, it is important to clearly delineate these concepts, even though
this paper focuses on common ground.

Given the importance of common ground for effective communication and coordination,
exploring the role of mental models is essential. Mental models play a significant role in
contributing to common ground (Lee et al., 2005; Johnson and O’Connor, 2008; Bittner and
Leimeister, 2014). These shared, organized cognitive representations help individuals within a
team to align their knowledge, beliefs, and assumptions about key elements of their
environment, including equipment, tasks, and team member characteristics (Mohammed
et al., 2000). In HAI, mental models help users form accurate expectations about the CA’s
abilities and behavior, crucial for establishing and evolving common ground. Understanding
mental models provides insights into mechanisms facilitating effective communication and
coordination, contributing to the dynamic nature of common ground for mutual agreement. By
shaping users’ perceptions and expectations, mental models guide the interaction process,
making it more efficient and reducing the likelihood of misunderstandings (Lee et al., 2005).
Incorporating mental models into this paper’s framework enhances understanding of
achieving and maintaining common ground in HAIs. This insight is essential for designing
more effective CAs, ultimately improving user satisfaction and interaction quality. Overall,
common ground, with its dynamic nature and focus on context-specific information, is key to
understanding HAI processes more profoundly.

2.2 Conversational agents
Common ground is essential for both human-to-human and human-agent communication.
Social Response Theory suggests people apply social rules and expectations to interactions
with CAs, treating them like human counterparts (Nass and Moon, 2000). This theory suggests
users expect CAs to understand and respond appropriately within a social context, requiring
common ground. In HAI, common ground helps CAs interpret user input accurately and
respond relevantly, creating a natural interaction experience. Thus, establishing common
ground is crucial for effective dialogue.

CAs encompass software enabling conversation with computers, such as chatbots, virtual
agents, and artificial conversational entities. They lead intelligent conversations and have a

G Shared
Under-
Ground :
standing

Focus of this study
Source(s): Authors’ own work

Figure 1. Theoretical focus of this study
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long history, with notable examples like ELIZA, ALICE, Claude, and HeX (Schobel et al.,
2024). CAs are used for various reasons, in all areas of services, and in different contexts
(Gnewuch et al., 2017; Serban et al., 2017). CAs possess certain natural language processing
capabilities that enable on the input side a recognition of user inputs and understanding (Knote
etal., 2021; Schmitt et al., 2023). Based on the user input, CAs that possess intent recognition
capabilities react through a set of established rules or flows to the queries posed by users and
provide an output (Schobel et al., 2024). In contrast, open-domain CAs based on (large)
language models provide user outputs through next-token prediction based on user input.
Besides that, CAs can be distinguished by their interaction interface and modality (Zierau
et al., 2023; Skantze and Dogrudz, 2023). CAs might include voice as an interaction modality
(Schmitt et al., 2023), e.g. Amazons Alexa or Google Assistant, and typically make use of
natural language interfaces and machine learning techniques, which allow them to react to user
inputs via voice-based interactions and synthesized speech (Budiu, 2018). In contrast, text-
based CAs interact with the user via a text interface and can be technically distinguished into
two types: messenger-like agents and embodied CAs (Hobert and Meyer von Wolff, 2019;
Zierau et al., 2020). The first type can be seen as interaction mode characteristics at a more
mechanical dimension of CAs (Zierau et al., 2020). Messenger-like agents contain regular chat
interfaces, known from Facebook Messenger or WhatsApp, and can be deployed to a variety of
use cases.

Examining the characteristics and capabilities of CAs helps us understand how to establish
and maintain common ground with users. Aligning theoretical common ground mechanisms
with practical CAs highlights its significance in effective HAIs, enhancing interaction
dynamics across various modalities.

2.3 Bridging common ground and conversational agents

Common ground is crucial in both human-to-human and human-agent communication,
especially for CAs. While its importance in human communication is well-documented, its
application to CAs is less explored. Social Response Theory suggests humans apply social
rules to interactions with CAs, expecting appropriate understanding and responses (Nass
and Moon, 2000). Common ground mechanisms are crucial for the effectiveness and
efficiency of human-agent dialogue. They shape interactions, promote understanding, and
enhance communicative dynamics as users engage with CAs (Clark and Brennan, 1991).
For example, CAs can adapt to specific language styles (Ahmad et al., 2022), and these
language styles and elements (e.g. mimicking intonation or specific words) can influence
the establishment of common ground. This alignment in communication style facilitates
smoother interactions and reduces misunderstandings, thereby enhancing the overall user
experience.

This nuanced connection between common ground and CAs is a crucial, yet underexplored
facet. CAs, which are often considered social actors due to their emulation of human-like
behavior and interaction patterns (Feine et al., 2019), inherently require the establishment of
common ground for effective dialogue. This crucial link between common ground and CAs
serves as a linchpin for communication effectiveness, guiding the coordination process
between users and CAs to promote understanding and enhance conversation dynamics.
Interactions with low common ground, though possible, often result in less satisfying, less
successful, and more error-prone communications (Clark, 1996). These interactions can lead
to misunderstandings and breakdowns, underscoring the necessity of common ground in
achieving successful and meaningful HAIs.

The literature lacks a comprehensive exploration of how common ground mechanisms
impact HAI effectiveness, necessitating a robust bridge between theory and practice. An in-
depth investigation of common ground mechanisms in shaping effective communication is
imperative. This study aims to enhance understanding of successful dialogue in CAs,
advancing CA research and improving CA design and implementation.



3. Method

In this section, we present our research approach and methodology. We performed a systematic
literature analysis (SLA) as this facilitates a comprehensive analysis across diverse disciplines
(Paré et al., 2015), including IS, psychology, and HCI, given our research’s interdisciplinary
nature. Webster and Watson’s (2002) framework underscores the structured approach of an
SLA, ensuring our examination of common ground in HAI maintains methodological rigor.
Rowe (2014) highlighted the significance of an SLA in identifying literature gaps and
discerning patterns among studies, critical for our pursuit to unveil the mechanisms behind
common ground. Furthermore, this review type not only summarizes current knowledge but
also propels future research directions, in line with our aim to provide valuable insights for the
future study of CA interaction (Leidner, 2018). We performed an extensive search of eight
major bibliographic databases, which were, AISeL, IEEE Xplore, ACM Digital Library,
ProQuest, EBSCO, Science Direct, Wiley, and Springer, to include perspectives from the
domains IS, technical engineering, and communication. We selected search strings combining
terms related to CAs and common ground, aiming to identify a wide range of literature. We
used different keywords from recent publications to describe these concepts. Due to linguistic
ambiguity and overlap between “common ground” and “shared understanding,” we included
studies investigating either concept for a comprehensive review. This led to the following
search string:

(chatbot* OR “intelligent agent*” OR “intelligent assistant*” OR “intelligent personal
assistant*” OR “virtual agent*” OR “virtual assistant*” OR “smart agent*” OR “smart
assistant®” OR “conversational agent*” OR “conversational assistant*” OR “communicative
agent*” OR “communicative AI” OR “social robot*”) AND (“common ground” OR “shared
understanding”))

The database-specific search strings were semantically equivalent but adapted to each
search engine’s syntax and capabilities. We included all peer-reviewed journal articles and
conference papers in English, searching titles, abstracts, and keywords, except in Springer and
ScienceDirect, where we searched full texts and then screened titles, abstracts, and keywords.
No publication year limits were set to maximize relevant articles. The search included both
empirical and non-empirical studies, as the review focuses on concepts rather than research
outcomes. There are several inclusion criteria. First, the study must address the interaction,
dialogue, or communication between CAs and humans. Second, the study must focus on
common ground theory or theories of shared understanding in communication. Third, the
paper must be available in English. Articles examining communication and interaction more
holistic (e.g. human-robot interaction or full conversational avatars in virtual reality
environments) were also included, but only verbal and conversational aspects were
investigated in this review.

Following recent reviews and protocols, the literature review process involved four rounds
of selecting relevant papers (Zhou et al., 2023; Schobel et al., 2024). Each round was
conducted independently and then matched for a joint result. In the first round, the database
search yielded 26 records (23 after duplicate removal) for title, abstract, and keywords in six
databases, and 890 records (831 after duplicates removal) for full text in the other two
databases (Figure 2). In the next round, papers were screened for relevance by reviewing titles
and abstracts based on inclusion and exclusion criteria. There are several exclusion criteria.
First, studies that did not explicitly address interaction, dialogue, or communication between
CAs and humans were excluded. Second, studies that did not focus on common ground theory,
theories of shared understanding in communication, or did not emphasize verbal and
conversational aspects were not selected. Third, papers not available in English were removed.
Lastly, papers were excluded if they focused solely on non-verbal or non-conversational
aspects of HAI without exploring verbal communication domains. The references were
categorized as matching, maybe matching, and not matching the inclusion criteria. All papers
that possibly meet inclusion criteria (matching or maybe matching) were retrieved as full text
in the third round. A total of 40 full-text versions of studies were selected for further
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Figure 2. Literature search process

investigation—19 from the screening in six databases based on titles, abstracts, and keywords,
and an additional 21 identified through full-text searches in two other databases. This led to the
inclusion of 27 studies. The fourth and last round identified additional backward and forward
references to capture papers not covered through the database search. Through screening the
references and applying forward searches using Google Scholar, eleven papers were added to
the list, resulting in 38 papers for in-depth analysis. The final list of included papers can be
found in Appendix 2.

The papers included were critically reviewed by a formal narrative synthesis structured
around the use of common ground in the interaction with CAs, and pre-defined criteria for data
extraction were used (Popay et al., 2006).

To derive possible mechanisms of common ground in HAIT different aspects of common
ground implementation were coded. In the first step, we coded in which context common
ground was embedded (e.g. “Common ground and common interest are necessary components
of engagement” (McKeown, 2015) was coded as engagement) and the specific mechanism to
reach common ground (e.g. “common ground was conceptualized as personalization, where
information would be remembered by the agent to tailor their experience” (Clark et al., 2019)
was coded as personalization: remembering information). In the second step, studies with
similar contexts and specific mechanisms were grouped together and generic terms were
developed to describe these different sets to achieve common ground. The terms were
iteratively derived from the different perspectives found in the literature. We extracted and
categorized these terms based on the language and terminology used by the source authors
themselves. Sometimes we used the same terms as the authors (e.g. knowledge base (Blache,
2017)) and sometimes we made minor changes (e.g. joint activity vs joint action (Frijns et al.,
2021)). Subsequently, the first author trained a graduate student coder who then independently
applied and assigned the five codes to the paper, blinded to the coding of the first author. Inter-
rater reliability (Cohen’s kappa; k = 0.59) showed moderate agreement for the common
ground mechanisms. Both raters resolved any notable discrepancies through discussion until
agreement was reached on a single consensus mechanism.

4. Results

4.1 General characteristics of included articles

We assess the state of the art concerning common ground in HAI so far. The 38 included
articles were all published over the preceding 21 years (2003—2023) with 30 (78.95%) papers
published in the last ten years (2014-2023) and twelve (31.58%) papers published in 2021,
2022, or 2023 (see also Appendix 1). In general, an increasing interest in common ground
theories in the application of CAs can be observed in the last few years. Almost half of the
papers examined had an empirical foundation (18, 47.37%), but there were also some
theoretical (8, 21.05%) and some conceptual (12, 31.58%) articles. Looking more specifically
at the different characteristics of the investigated CAs, we see that most CAs are voice-based



agents (12, 31.58%), some are text-based agents (7, 18.42%) and in few articles, CAs have
both, voice- and text-based elements (7, 18.42%). In six papers (15.79%) no specific
information about the CA was given or there were only theoretical considerations about CAs in
general. As articles investigating human-robot communication were also included, six papers
(15.79%) did not include a specific CA, but investigated a speech-based human-robot
interaction.

Next, we analyzed the application context. Exploring the diverse application contexts of
CAs illuminates the involved dynamics of HAIs, unveiling varied strategies employed by
agents in, e.g. healthcare, education, customer service, and social interactions. The most
common application context for CAs was a collaborative scenario or some kind of task
performance (e.g. physical tasks, cooking, schedule change) with nine articles (23.68%)
included. Three CAs were used in a medical context (7.89%) and three CAs in education
(7.89%). Two CAs were applied in public spaces (5.26%), namely a guide in a museum
providing background information and an orientation guide at an airport. Moreover, two CAs
were used in the context of aeronautics and spacecraft operations (5.26%). One CA each was
applied in the context of customer service, product complaints, house inspection, and
marketing. Three papers (7.89%) contained more than one application context and tested or
discussed the use of CAs in different domains. The last eleven articles (28.95%) did not name
an application context or examine the usage of CAs more generally and only theoretically.

The theoretical foundation of common ground or shared understanding was broad, but most
articles (30, 78.95%) were based on the common ground theory proposed by the
psycholinguist Clark (1996) or on more than one theory including Clark’s definition of
common ground. Furthermore, articles were primary or secondary based on other theories,
namely Wittgenstein (1967), Stalnaker (2002), Fusaroli et al. (2014), Kanda et al. (2004), and
Pickering and Garrod (2004). Only two (5.26%) papers considered shared understanding and
not common ground, with one paper theoretical based on Dillenbourg (2008) and one paper
without a theoretical foundation (Hanna and Richards, 2014). The remaining six (15.79%)
articles had their own definition or no theoretical foundation of common ground. We see a
dominance of the common ground theory of Clark, which is favorable as the ambiguous and
heterogeneous interpretations of common ground seem to have the same base, and a
widespread and general definition of common ground distinguished from everyday use is
possible in future research.

Lastly, we differentiated whether common ground was directly or indirectly addressed and
investigated in the included studies. Indirect investigations contain all articles where common
ground was not the main focus of the study, e.g. concepts contributing to common ground were
studied without a main focus and direct assessment of common ground, or the indirect
investigation was just a result of post-hoc examinations not addressed beforehand. The
exploration shows a semi-balanced ratio of direct (22 paper, 57.89%) and indirect (16 paper,
42.11%) investigation of common ground.

4.2 Mechanisms of common ground
To answer the first research question, we reviewed past studies to distill the mechanisms of
common ground. Based on various implementation strategies and contexts, we identified five
underlying mechanisms of common ground. We use the term “mechanism” to encompass the
diverse processes, cognitive elements, and socio-cognitive factors contributing to common
ground in HAI. While it may imply causality, it signifies our intent to cover a comprehensive
array of essential components shaping this phenomenon [2]. Figure 3 depicts these
mechanisms as an overview of their relationship to achieve common ground in HAIL
Embodiment. This mechanism refers to presenting a CA as an identifiable counterpart with
human-like appearances and behaviors, either physically or virtually. It includes visual
appearance and non-verbal communication cues, enhancing user interaction by fostering
rapport and believability (Kim et al., 2018). Embodiment also includes voice-based
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Figure 3. Relationships of the five mechanisms to achieve common ground

communication as this is also crucial in establishing human-like interactions, particularly in
virtual environments where it significantly impacts the perceived presence and effectiveness
of the CA. Ten papers were assigned to this mechanism. Embodiment involves endowing CAs
with human-like appearances and social behaviors, paralleling face-to-face interaction
mechanisms to establish rapport and mutual understanding (Pickering and Garrod, 2004).
People are more willing to establish common ground if they interact with a CA under similar
situational, social, and psychological conditions as in human interactions (Corti and Gillespie,
2016; Pustejovsky and Krishnaswamy, 2021). This can be supported by a human-like body and
presenting the CA as an autonomously communicating person in either a physical or virtual
environment. Integrating human-like characteristics warrants human-like treatment and
presents an authentic entity. Embodiment extends beyond conversational common ground to
include non-verbal communication, aligning minds by being interesting, creative, and
humorous (see Social Features and Mental Model of CA). For example, Strohmann et al.
(2023) analyzed Replika, a virtual companion service with human-like design, showing
thoughtful and natural verbal and non-verbal design. It appears as a full-bodied avatar, and
over time, it becomes a constant conversation partner, friend, and companion (Murphy, 2019).
Instead of a blank chat window, showing an animated avatar could help users learn more about
potential areas of agreement (Skantze and Dogruoz, 2023).

A special case of common ground through embodiment is the virtual simulation
environment, embedding the interaction within a shared context. In such environments, human
and agent share the same virtual space, facilitating shared situational and perceptual
references. For instance, in a medical virtual 3D environment, the user acts as a patient, and the
CA acts as a doctor, both represented with full-body avatars. They can refer to visible objects
(e.g. stethoscope) because of shared situational references, creating shared perceptual and
epistemic common ground. Here, voice-based communication is also important for achieving
perfect human-like doctor-patient interactions, fostering embodiment and human-like
behavior.

Embodiment serves as a foundational mechanism for HAI by encompassing both physical
and behavioral attributes of the CA. Acting as an identifiable conversational counterpart,
embodiment fosters familiarity and enables the incorporation of social features within the
interaction. Integrating human-like attributes into CAs facilitates common ground, fostering
connection and alignment between users and artificial conversational entities, ultimately
enhancing the effectiveness of human-agent dialogue.

Social features. Social features refer to behaviors and attributes that facilitate effective
social interaction, such as coherence, trust, humor, and active listening. These features create
authenticity and understanding in conversations, essential for establishing common ground



between users and CAs. Nineteen papers were assigned to this mechanism. Social elements
play a vital role in both human conversation and establishing common ground with CAs
(Neururer et al., 2018). Social features like facework, affective strategies, trust, humor, and
active listening help manage interactions by facilitating understanding and reducing
misunderstandings. To show authenticity, a CA needs to be transparent about its purpose,
learn from experiences, and exhibit human-like behavior and coherence. Coherence involves
social and contextual awareness and the ability to relate to common experiences to establish
common ground (e.g. Clark et al., 2019; Neururer et al., 2018). Social features strongly
facilitate establishing common ground between CAs and users, fostering authenticity and
meeting social expectations.

Skantze and Dogrudz (2023) differentiated between three speech events with distinct social
behaviors and expectations: Informal/superficial talk (e.g. small talk, gossip, sports talk,
reminiscing), Involving talk (e.g. love talk, conflict, discussing problems, complaining), and
Goal-oriented talk (e.g. group discussion, lecture, planning, requesting favors). Furthermore,
studies highlight the importance of trust and coherence in creating social connections (e.g.
Clark et al., 2019; Neururer et al., 2018). Social features are particularly important in task-
oriented and shared situations between humans and CAs. Familiarity can be established
through personal information disclosure or discussing common topics (e.g. weather, political
news) (Cassell, 2000). These examples illustrate how social features are essential in creating
common ground between CAs and users. By facilitating effective communication and
fostering authenticity, social features help meet social expectations, enhancing the overall
connection and interaction quality between users and CAs, demonstrating their crucial role in
establishing common ground.

Joint action. Establishing and maintaining common ground is crucial in human joint
action and HAI. Joint action involves both conversational partners working toward a shared
goal and establishing common ground. Sixteen papers were assigned to this mechanism.
Joint action parallels the interactive process essential for resolving misunderstandings and
building common ground. It emphasizes the need for joint attention and coordinated
actions, aligning with the idea of coordinated background knowledge of conversational
partners (Clark and Brennan, 1991). The sender must ensure the recipient has the necessary
context to interpret the message. Joint attention is crucial for successful communication
(Vinciarelli et al., 2015). In linguistic communication, joint attention to both senders’ and
recipients” intentions is essential. This collective task can only be achieved with
conversational partners, representing the situation to make common ground salient.
However, it remains challenging for CAs to account for senders’ intentions and motivations
through joint attention (e.g. Bernard and Arnold, 2019). For example, in Cho and Rader
(2020) study, joint action occurred between participants and the Google Home voice
assistant, bounded by a task instructing users to ask for information from Google Home.
The conversation’s goal was aligned with the task’s goal. Common ground is transparently
shared knowledge between partners.

In summary, joint action involves establishing and maintaining common ground and goals
between conversational partners. It requires joint attention, transparent knowledge exchange,
shared meaning negotiation, and coordinated actions to reduce coordination costs.

Knowledge base. This mechanism involves a task-oriented dialogue system utilizing its
comprehensive knowledge, including contextual information, evolving interaction-based
information, and stakeholders’ beliefs, to establish and update shared understanding with
conversational partners, adapting to their knowledge level and existing common ground. Five
papers were assigned to this mechanism. The knowledge base mirrors the importance of
contextual information and evolving interaction-based knowledge in establishing common
ground, foundational for effective communication (Clark and Brennan, 1991). It aligns with
the concept that common ground involves background knowledge essential for
communication planning (Clark, 1996). This mechanism is crucial for task-oriented
dialogue systems, as the CA has pre-access to all task-related knowledge.
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For example, Lorini (2020) introduced new semantics for logics of explicit and implicit
beliefs based on multi-agent belief bases, differentiating between belief and knowledge
conceptually, mathematically, and computationally. The CA relies on three knowledge
sources: context, evolving interaction information, and stakeholder beliefs (Blache, 2017).
In the second source common ground plays a crucial role and describes the initial user
knowledge combined with the information instantiated during the dialogue. Effective
common ground requires all conversational partners to have access to the same information
and knowledge. New information is added relative to existing common ground, organizing the
knowledge base specifically (Buschmeier and Kopp, 2013). To achieve common ground, a CA
must adapt to the user’s knowledge level and the common ground between user and CA (e.g.
Blache, 2017). These examples illustrate how the knowledge base mechanism supports
establishing and updating common ground in HAITs. By utilizing comprehensive and evolving
knowledge, the CA can adapt to the user’s understanding and existing common ground,
facilitating more effective and context-aware communication. Therefore, the knowledge base
serves as a foundational mechanism for achieving common ground by continuously
integrating and updating contextual information and interaction-based knowledge,
ultimately enhancing human-agent dialogue effectiveness.

Mental model of conversational agent. This mechanism involves individuals
understanding and forming expectations about the CAs abilities, intentions, and behavior.
This influences their willingness to invest effort in establishing common ground and
considering the CA’s perspective, actions, and adaptability. Twelve papers were assigned to
this mechanism. People try to understand the intent and meaning behind what the
conversational partner is saying (Di Maro, 2021). This is important for exploring common
interests, goals, pre-given information, and environmental perception. Users should develop
an appropriate mental model of the CAs’ abilities and intentions. Estimating the CA’s role and
knowledge. This mental model also includes any anthropomorphism (see Embodiment),
leading to expectations of the CA’s behavior.

For example, during conversations, people create a mental model of the CA (Frijns et al.,
2021). This mental model then shapes their expectations of the CA and influences the effort
they invest in establishing common ground (e.g. Frijns et al., 2021; Kiesler, 2005). Moreover,
Strohmann et al. (2023) developed the design principle of adaptivity and adaptability to create
a CA companion. This principle supports establishing common ground, as meaningful
communication and mutual understanding in interpersonal relationships require it. It enhances
the ability to take the mental perspective of the other conversational partner and predict their
actions (Wray et al., 2022).

This mechanism explores how individuals form expectations about a CA’s capabilities and
intentions, similar to understanding meta-perspectives in conversations (Clark and Brennan,
1991). Shared mental models influence team performance and HAI by guiding users’
perceptions and expectations about the CA’s behavior and adaptability (Mohammed et al.,
2000). These shared mental models affect context-specific information exchange, evolving
common ground, and the stability and adaptation of communication between users and CAs
(Johnson and O’Connor, 2008; Mohammed et al., 2000). Understanding and developing
appropriate mental models of CAs is crucial for enhancing human-agent dialogue
effectiveness and ensuring successful interaction outcomes.

4.3 Relationships of the mechanisms

The relationships between the mechanisms of common ground are directional and

bidirectionally linked. In order to answer the second research question, the following

section provides an in-depth analysis of these interrelationships based on Figure 3.
Embodiment and social features. Embodiment significantly influences the formation of

social features. When a CA is equipped with human-like characteristics, it can engage in

behaviors such as coherence, trust-building, humor, and active listening. These social features,



in turn, enhance the embodiment mechanism by reinforcing the CA’s human-like presence,
making it more relatable and authentic to users. This bidirectional relationship indicates that
the attributes of the CA (embodiment) inherently involve the use of social elements to enhance
its relatability and authenticity (Tapie et al., 2006).

Embodiment and mental model. The embodiment mechanism also impacts the formation of
the mental model of the CA. Users interacting with a human-like CA develop expectations and
perceptions that contribute to their mental models, influencing their willingness to invest effort
in establishing common ground (Frijns et al., 2021). As users interact with an embodied CA,
they form better mental models based on the CA’s human-like characteristics, which helps in
setting appropriate expectations about the CA’s capabilities and behaviors.

Social features and mental model. Social features play a crucial role in shaping the mental
model of the CA. Social interactions involving trust, coherence, and active listening provide
users with information that helps them form accurate expectations and perceptions about the
CA. This unidirectional relationship means that social features influence the mental model by
providing the necessary social context and behaviors that guide how users perceive and
interact with the CA. Moreover, these social features can create common ground and thereby
elicit an appropriate mental model of the CA. Information obtained through the CA’s social
behaviors aids users in forming more accurate expectations and perceptions about the CA
(Kiesler, 2005; Wray et al., 2022). It is important that the CA’s response is appropriate to the
social situation and meets the user’s socially motivated expectation of building common
ground.

Social features and joint action. The relationship between social features and joint action is
bidirectional. Social features such as trust and coherence facilitate effective communication in
joint action, enabling successful coordination and collaboration. Conversely, engaging in joint
action can enhance social features through shared tasks and goals (Montemayor, 2021; Frijns
et al., 2021). Joint action fosters the development of social features by creating opportunities
for trust-building and demonstrating coherence in achieving shared objectives. This
interdependence highlights the collective nature of tasks in HAI, where integrating social
elements is crucial for achieving common ground and successful joint action.

Joint action and knowledge base. Joint action directly influences the knowledge base of the
CA. The information gained during joint action contributes to the development and
enrichment of the knowledge base, providing the CA with valuable insights into users’
knowledge, comprehension, and requirements. These collaborative interactions offer crucial
input that enhances and refines the knowledge base of CAs, facilitating continuous
improvement, adaptive learning, and personalized responses tailored to users’ needs and
preferences (Buschmeier and Kopp, 2013). This iterative process of leveraging user
engagement in joint action ensures the evolution of the system, making it more proficient,
accurate, and attuned to individual user requirements over time.

Joint action and mental model. Joint action extends the mental model of the CA by
providing users with experiential insights into the CA’s behavior and capabilities (Vinciarelli
etal.,2015; Wray et al., 2022). Engaging in joint action allows users to form more detailed and
accurate mental models, enhancing their understanding of what the CA can do and how it
operates.

By integrating these mechanisms and their interrelationships, we provide a comprehensive
understanding of how common ground is achieved and maintained in HAIs. This underscores
the importance of considering the interconnected nature of these mechanisms to foster
effective and meaningful interactions between users and conversational agents.

5. Discussion and implications

Common ground is crucial for human dialogue and essential for CAs using language. This
study investigated how common ground is achieved in human-CA communication.
We synthesized five mechanisms of common ground in HAI and examined their
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relationships. Our contribution includes embedding these mechanisms into a conceptual
model, providing a framework for studying effective HAIs that promote common ground.
In the following, we present an agenda for future research, discuss theoretical and practical
implications, and highlight possible study limitations.

5.1 Research agenda for future avenues

As this review and our conceptual model pave the way for research on CA interactions that
establish common ground, we discuss important implications as a research agenda for future
avenues (FA) below. We develop four FAs for common ground research in the domain of HAT
that relate to the core constructs of our model. Future research endeavors should take our
model and the proposed FAs into account for developing a diverse set of theory contributions
to account for the theoretical richness of the common ground phenomenon in HAI. Each FA
provides ground for distinct research directions for future studies (Table 2).

5.1.1 Constructs and their interplay to achieve common ground. The five mechanisms to
achieve common ground are related to each other (Figure 3). Future research should focus on
how these constructs jointly contribute to CA outcomes (FA #1). The Mental Model of the CA
is key, as Embodiment, Social Features, and Joint Action foster its development. Research in
human-AI collaboration shows that forming mental models about AT capabilities is crucial for
performance (Taudien et al., 2022; Bansal et al., 2019). The Mental Model of CA is the most
important mechanism since apart from the “knowledge base”, all other mechanisms promote
the formation and alignment of mental models. Future research should explore aligning mental
models in conversational interactions, considering our conceptual model’s constructs.
Additionally, assessing different types of embodiment, joint action, and social features can
further understand their role in aligning mental models with CAs. Thus, we propose this
direction for future CA research on common ground. Therefore, we propose the following
direction (D):

D1.1: Explore the role and significance of aligning mental models for achieving common
ground when interacting with CAs.

D1.2: Examine how Embodiment, Social Features, and Joint Action contribute to aligning
mental models of users with CAs.

Moreover, the mechanisms Embodiment and Social Features maintain human-like behavior in
CAs, aiding users in finding common ground. Joint Action requires social elements crucial for
task-oriented interactions. Therefore, future research should explore how anthropomorphizing
CAs contributes to common ground, possibly by developing specific mental models related to
the CA. Feine et al. (2019) provided a starting point for experimentation on how to leverage
anthropomorphic design features for achieving common ground. Thus, we propose:

D1.3: Investigate how CAs can be designed through anthropomorphic design features that
leverage common ground.

5.1.2 Evolving nature of common ground. As the user-CA relationship evolves during
interactions (Skjuve et al., 2022), it is crucial to examine how constructs in our model (and
their interplay) change over time (FA #2). Agency perceptions of novel CAs may evolve,
influencing common ground (Schmitt et al., 2023). Complex interactions may require re-
calibrating common ground over time. For example, ChatGPT’s re-calibration of common
ground and capabilities was facilitated through strong signaling of versioning, a strategy
previously underused by CA providers (Skantze and Dogrudz, 2023). Thus, we suggest the
following directions:

D2.1: Study how the relationship of common ground constructs evolves and contributes to
common ground over time and during long-term interaction processes through longitudinal
investigations.



Table 2. Agenda for common ground research in human-agent interaction

Research avenue

Directions for future CA studies

Avenue 1: constructs and their interplay to achieve
common ground

Avenue 2: evolving nature of common ground

Avenue 3: domain-specificity, interdisciplinarity
and boundary conditions of common ground

Avenue 4: technological embedding when
investigating common ground

Source(s): Authors’ own work

D1.1: Explore the role and significance of aligning
mental models for achieving common ground when
interacting with CAs

D1.2: Examine how Embodiment, Social Features, and
Joint Action contribute to aligning mental models of users
with CAs

D1.3: Investigate how CAs can be designed through
anthropomorphic design features that leverage common
ground

D2.1: Study how the relationship of common ground
constructs evolves and contributes to common ground
over time and during long-term interaction processes
through longitudinal investigations

D2.2: Analyze how re-calibration interventions such as
versioning contribute to common ground during long-
term interaction processes

D2.3: Investigate how knowledge base capacity, such as
context windows in LLMs, facilitates the building of
common ground

D2.4: Explore step-by-step interactions as a scaffold for
human-agent interaction, e.g. with prompt engineering
and chaining, when building and maintaining common
ground over time

D3.1: Conduct interdisciplinary and domain-specific
studies on how common ground is established,
maintained, and repaired in human-agent interaction
D3.2: Compare and contrast how common ground is
achieved and utilized in different domains and contexts of
human-agent interaction, and how it relates to the goals
and expectations of the users and the agents while
acknowledging domain-specific boundary conditions
D3.3: Analyze the nature of common ground when
interacting with open-domain CAs

D3.4: Consider how individual user characteristics shape
the process of building common ground with CAs
D4.1: Test the comprehensive framework of common
ground in human-agent interaction with different degrees
of embodiment

D4.2: Explore the effects of in- and output modalities on
building common ground with agents that are prompted
by natural language inputs

D2.2: Analyze how re-calibration interventions such as versioning contribute to common
ground during long-term interaction processes.

The mechanism Knowledge Base differs from the other mechanisms as it does not directly
refer to the interaction but describes how information gained during the interaction are
organized within the CA. Future research should therefore carefully take the evolving nature of
the knowledge base of a CA into account when adjusting common ground during an
interaction. Especially the context window of LLMs is increasing from OpenAI’s GPT-3 with
2k tokens to 128k tokens within the current GPT4 versions (as of mid-2024). Thus, we propose

for future research:
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D2.3: Investigate how knowledge base capacity, such as context windows in LLMs,
facilitates the building of common ground.

When considering a CA as a learning agent, it is important to question whether increasing
context windows enhances interaction. Educational psychology principles like scaffolding
and the zone of proximal development suggest that learning—and building common ground—
are facilitated step-by-step (Vygotsky et al., 1980). If we transfer these thoughts to CA
research, instead of providing large initial information, careful prompt engineering could
gradually build common ground. Chain-of-thought prompts, guiding the CA through logical
steps, can enhance mutual understanding and interaction (Wei et al., 2022). Breaking down
complex interactions into manageable steps may improve the CA’s alignment with users’
mental models and foster adaptive common ground. Thus, we propose:

D2.4: Explore step-by-step interactions as a scaffold for HAI, e.g. with prompt engineering
and chaining, when building and maintaining common ground over time.

5.1.3 Domain-specificity, interdisciplinarity, and boundary conditions of common ground. CA
research in the incorporated studies spans various disciplines (e.g. informatics, philosophy,
psychology, linguistic, IS, robotics), leading to diverse research streams due to different
application contexts, which impedes generalizability. Appropriate implementation and
underlying mechanisms of common ground may vary across domains. Therefore, future
research should connect fundamental communication elements with interdisciplinary
approaches to expand understanding of HAI (FA #3). It is important to address the
mechanisms of common ground explicitly and focus on domain-specific requirements for CA
design in future studies. Thus, we propose:

D3.1: Conduct interdisciplinary and domain-specific studies on how common ground is
established, maintained, and repaired in HAI.

Results showed that about half of the reviewed papers directly addressed common ground and
it is necessary to increase this part and focus on grounding effects, supporting, or restraining
variables and underlying mechanisms of common ground in HAI. For instance, customer
service as a domain is oftentimes characterized by short and one-time interactions. Thus, it is
necessary to build common ground very quickly, e.g. through building consensus about the CA
mental model or organizing knowledge. Moreover, as common ground is oftentimes studied in
educational research, CAs in digital learning environments could provide through building
common ground a more productive scaffolding for learning processes to ultimately improve
learning outcomes (Winkler et al., 2020). Thus, we call on research that explicitly investigates
common ground mechanisms in isolation and in combination with other boundary conditions.

D3.2: Compare and contrast how common ground is achieved and utilized in different
domains and contexts of HAI, and how it relates to the goals and expectations of the users
and the agents while acknowledging domain-specific boundary conditions.

Taking these aforementioned boundary conditions, we should also acknowledge the
distinction between open-domain CAs as well as closed domain CAs. Oftentimes, CAs are
developed for a single purpose with an intent-based framework and a well-defined purpose.
However, when taking LL.M-based CAs into account, dialogue openness is maximized while
at the same time, paradoxically common ground is minimized (Skantze and Dogrudz, 2023).
In practice, CAs such as ChatGPT provide for this purpose example dialogues to offer
contextual knowledge about the CA capabilities, therefore, building common ground despite
being an open-domain CA. Thus, we propose the following:

D3.3: Analyze the nature of common ground when interacting with open-domain CAs.

Finally, a key factor for common ground with CAs is the user’s predispositions, particularly AT
literacy, which can significantly enhance interaction (Knoth et al., 2024). To move beyond



initial impressions and emotions surrounding CAs, it is essential to consider potential
applications, the tasks the CA can perform, and areas where human skills remain
indispensable. This shift in perspective aids in understanding the human role in a hybrid
human-AI relationship (Baird and Maruping, 2021; Dellermann et al., 2019). Maintaining
such a relationship requires at least basic AT knowledge for informed decision-making aligned
with personal goals (Vuorikari et al., 2022). Therefore, Al Literacy is crucial for building a
common ground.

D3.4: Consider how individual user characteristics shape the process of building common
ground with CAs.

5.1.4 Technological embedding when investigating common ground. Furthermore, it is
important to consider the fast-paced development of human-machine interaction regarding
common ground (FA #4). Mechanisms like Embodiment, Social Features, and Mental Model of
CA show the need for a holistic approach, investigating verbal elements, CA presentation, social
competencies, environment, and interaction purpose. By widening our perspective of common
ground, we should include human-robot interaction, the most extreme form of embodiment.
While D1.3 focuses on the specific role of anthropomorphic design features in fostering
common ground through human-like behaviors and characteristics, D4.1 examines a
comprehensive framework across different embodiment levels and interaction contexts,
aiming to validate this within various HAI scenarios, including human-robot interaction.

DA4.1: Test the comprehensive framework of common ground in HAT with different degrees
of embodiment.

Further, consider input and output modalities when interacting with CAs and building
common ground. Speech, as an input and output modality, provides contextual cues about CA
capabilities (Schmitt et al., 2023), forming common ground through social features of voice.
Joint action between a human and a CA are more comparable when both interact via voice,
suggesting speech-based interaction has additional mechanisms for achieving common
ground. Additionally, CA outputs may not always be text-based. Image generators prompted
with text-input also require common ground to produce useable output, though interaction
processes differ by output modality. Building on these aspects, we propose:

D4.2: Explore the effects of in- and output modalities on building common ground with
agents that are prompted by natural language inputs.

5.2 Theoretical implications

Our paper also has several theoretical implications and implications for practitioners. We will
first present the theoretical implications and then the practical implications. The first
theoretical implication lies in our identification and synthesis of five fundamental mechanisms
that facilitate common ground in HAI. These mechanisms— Embodiment, Social Features,
Joint Action, Knowledge Base, and Mental Model of CA—form the theoretical backbone,
presenting the state of the art of common ground in HAI, and enabling a nuanced
understanding of how common ground is established and maintained. Successful grounding
results in shared context and improved processes in conveying intent, emphasizing the joint
adaptation of shared knowledge bases during the conversation. Interlocutors jointly modify
shared representations during interaction (Brennan, 1991). Therefore, we provide an assessing
overview of the relevant findings for common ground in CA research and fill the gap in
understanding the mechanisms that foster common ground between humans and CAs.
Moreover, Johnson and O’Connor (2008) and Bittner and Leimeister (2014) discussed how
mental models contribute to common ground by offering a foundation for understanding
between team members. This connection resonates with the theoretical implication that mental
models play a significant role in contributing to common ground and shaping shared
knowledge within interactions and collaborative efforts.
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Second, by integrating these mechanisms into a conceptual model, we provide not only a
theoretical foundation but also offer a structured framework. This framework contributes to
existing theories by elucidating how these mechanisms interact and influence HAI dynamics.
In the theoretical background, we mentioned the importance of establishing common ground
in HAI, highlighting that common ground is crucial for effective communication in different
modalities such as text-based, voice-based, and embodied CAs. This aligns with our paper’s
central theme, aiming to unravel the mechanisms of common ground within HAI across
different interaction modalities.

Third, we drew connections between the mechanisms we identified and established
research in HAI. This effort enriches the scholarly discourse by bridging the gap between our
findings and existing theoretical frameworks, showing how our work extends and aligns with
previous research. For example, linguistic theories (Giles and Powesland, 1997; Pickering and
Garrod, 2004) highlight the social and collaborative aspects of human conversation. The
implications of our review answer the research question of how to achieve common ground in
communication between a human and a CA and add to this particular body of knowledge a
nuanced understanding of how fruitful interactions between humans and CAs happen.

Fourth, our paper outlines research gaps and future research directions, emphasizing
interdisciplinary and domain-specific studies. These proposed avenues extend theoretical
exploration by advocating comprehensive investigations into the establishment, maintenance,
and repair of common ground in diverse contexts, contributing to a more holistic
understanding of HAI.

5.3 Practical implications

As a first practical implication, the identified mechanisms provide actionable guidelines for
practitioners involved in CA design and development. For instance, the inclusion of
anthropomorphic design features can increase the user’s sense of connection and
understanding with the CA. The social interaction or personality of the CA could facilitate
the process of individuals understanding and forming expectations about the CA’s capabilities,
intentions, and behavior, for example, promoting the building of background knowledge and
common ground. It is crucial to maintain human-like behavior, especially in customer service
or educational contexts, to expedite the establishment of common ground.

Second, the paper distills insights into how these different grounding mechanisms can
influence various HAI processes. Practitioners could use these insights from our model as a
starting point to inform the design of novel CA designs. Especially the rise of LLMs and their
proliferation into productive settings makes it very important for practitioners to build mental
models about CA capabilities that are context-specific, and, at the same time, crucial for their
performance. Understanding how different context windows in LLMs influence common
ground and suggesting optimal strategies for their use in specific domains becomes imperative
for successful implementation.

Third, the paper suggests an extensive agenda for future research that informs future CA
research centering around common ground. In particular, encouraging practitioners to engage
in design studies in authentic environments enables them to explore different grounding
mechanisms. These studies include rigorous evaluations to measure how these mechanisms
affect user experience and interaction outcomes. In this way, iterative improvements can be
implemented to improve the quality of interaction designs for CAs. In particular, these design
studies serve as valuable platforms to test and validate different grounding mechanisms in real-
world contexts, facilitating the identification and resolution of challenges while capitalizing on
opportunities to establish common ground in interactions with CAs.

5.4 Limitations
Despite following standard procedures, our review and analysis may have some
limitations and our results should be interpreted with some caution. First, due to a broad



search strategy, the SLA tried to cover the full spectrum of application domains and
foundation of the papers, rather than concentrating on a specific application context or
specific empirical outcomes. However, even if the search strategy was quite broad, there
may be other relevant terms that were not included in the search term specification.
Furthermore, not all arXiv submissions have beenreviewed (Serban et al., 2017; Lee et al.,
2023). However, this should not have a meaningful impact on the results. Nevertheless,
future work should closely monitor these sources, for which a multi-vocal review method
for example could be appropriate. Second, due to our broad search strategy and our chosen
type of review, we did not assess the methodological and overall quality of the articles
included resulting in a less differentiated synthesis of our findings. Third, this paper builds
on a cross-disciplinary, literature-based definition of common ground. Using a different
understanding of common ground might lead to a different set of papers and potentially
different results.

Notes

1. For further understanding, information can be found in Interactive Alignment Theory (Pickering and
Garrod, 2004) and Accommodation Theory (Giles and Powesland, 1997).

2. To account for theoretical flexibility of future research, we refrained from strictly formulating
theoretical propositions (see Cornelissen (2023) for the problems of the theoretical proposition
grammar) that provide direct ground for testable hypotheses. Rather, future research should take this
model and the presented mechanisms as a starting point for providing a rich and diverse theoretical
view (Mithas et al., 2022; Burton-Jones et al., 2015) on the phenomenon of human-CA interaction and
common ground.
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