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ABSTRACT

To comprehensively evaluate the experience of interaction between humans and ECAs
(Embodied Conversational Agents), it is essential to consider a complex entanglement
of dimensions that dynamically develop over time. This paper provides a review of
the available methods to evaluate the human-ECAs interaction, and discusses the
relation between this experience of use over time. The research was carried out
through a systematic literature review, on 5 databases: Scopus, ACM, Web of Science,
PubMed and IEEE Xplore. Findings reveal that over 147 publications on human-ECAS
interaction, only 13 address the experience evaluation. Of these, only 3 face evaluate
the user experience with ECAs over time. The majority of these evaluation methods
concentrate on momentary experiences, neglecting the long-term perspective. The
paper provides a map of methods to evaluate several user experience dimensions of
interactions with ECAs, highlighting the importance to apply these methods not only
on the momentary interaction but repeatedly over time.
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INTRODUCTION

Virtual assistants represent an increasingly widespread technology across
various sectors, such as healthcare, education, finance, commerce, and
retail. Their popularity is due to their ability to offer tailored solutions
for each user, while ensuring portability and continuous availability. These
assistants can interact with users through text-based, dialogue-based, or a
combination of both methods; they stand out for the variety of interaction
modes, personalities, and aesthetic appearance. Among the most innovative
forms, we find embodied conversational agents (ECAs), a type that
replicates human-like characteristics and communicative methods, making
the interaction similar to natural human-to-human communication. ECAs
are dialogue systems with a virtual body that can appear in different forms:
two-dimensional or three-dimensional, human or fantasy characters, and
they may display either the entire body or just the head. The human body
is considered a form of “situated intelligence,” as its characteristics allow for
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the transmission of messages both verbally and non-verbally, which helps
convey the meanings of the conversation more effectively. In fact, in addition
to voice, ECAs use gestures, eye and body movements, facial expressions,
etc. Through these modes, the fundamental elements are formed to build
trust and understanding between the agent and the user (Cassell et al.,
2000). Indeed, the growing use of ECAs is tied to their ability to establish
meaningful relationships, leading to collaborative behavioral responses, trust
in the system, a desire to interact, and the elicitation of emotions and social
perceptions such as presence or personality in the system. User responses to
these interactions vary greatly depending on the design characteristics, which
involve both aesthetic factors and intrinsic aspects of the interaction modes
(Loveys et al., 2020).

The user experience developing in the interaction with these systems is the
result of a complex entanglement of perceptions, physical and psychological
reactions, emotions, beliefs, preferences, and behaviours, occurring before,
during, and after use (Hassenzahl, 2013). Although it is important to
measure initial impressions and momentary experiences of interaction with
ECAs, it is fundamental to also monitor how the UX evolves over time
(Marti et al., 2016), to embrace how trust, bonding, and empathy dynamics
emerge beyond the measurement of momentary hedonic and pragmatic UX
indicators (Kujala et al., 2011).

This paper provides an overview of the UX mostly evaluated UX
dimensions of interaction with ECAs, mapping them to documented
methodology, and discussing their applicability over time.

USER EXPERIENCE AND TIME

While most of the UX evaluation methods documented in literature focus
on different UX dimensions of momentary interactions, only few of them
question how the UX changes over time and how to evaluate such a change.
A commonly overlooked element which lays a fundamental role in UX design
is time (Roto et al., 2011). Indeed the UX can be classified in:

Anticipated Experience: relates to the expectations of using a product,
influenced by others’ opinions or advertising.

Momentary Experience: occurs in the ‘here and now’ and is characterized
by a very short time frame, immediately transforming into memory.

Episodic Experience: includes a series of moments that become the subject
of reflection; the overall result may differ from the simple sum of individual
momentary experiences.

Remembered Experience: the interaction is repeated over time, and
perceptions evolve, leading to the selection of significant, positive, or negative
elements that influence the final judgment and the future behaviours (Marti,
2016).

To fully understand the complexity of UX and evaluate the interaction
between people and ECAs, it is essential to adopt a longitudinal perspective to
study how the UX evolves over time. Evaluation methodologies focus mainly
on the momentary experience, without considering how the experience
changes over time. In what follows we provide an overview of methodologies
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to evaluate how the experience of interaction with ECAs develops over time
with the objective of assessing the state of the art and identifying dimensions
influencing the human-ECAs interaction (Karapanos et al., 2009).

RESEARCH QUESTIONS

In this work, we provide an overview of the UX dimensions of interaction
with ECAs to consider in the short and the long term. More in detail, we aim
to address the following research questions:

RQ1: What are the UX dimensions of Human-ECAs interaction?
RQ2: What are the methods to evaluate the UX dimensions of human-

ECAs interaction?
RQ3: What methods evaluate the UX with ECAs over time?

METHODOLOGY

To answer the research questions, first we performed a systematic literature
review, followed by a comparison of the results with a database of UX
evaluation methods over time (AllAboutUX.org).

For the systematic review, five databases were consulted: Scopus, ACM,
Web of Science, PubMed, and IEEE Xplore, to which we applied the search
string: (UX OR “user experience”) AND (evaluation) AND (embodied
OR human*) AND (conversational OR digital OR smart OR Interactive
OR Intelligent OR artificial) AND (avatar OR character OR assistant OR
agent*), to all the abstract.

We conducted a screening by removing results that lacked an author,
duplicates, publication types (conference proceedings, book chapters, books),
articles not written in English, and publications still in progress. Then, we
reviewed the abstracts and applied exclusion criteria, which included the
absence of an evaluation and human-likeness. Finally, we read the full text of
the remaining articles, applying additional exclusion criteria such as the use
of VR, AR, MR, and robots. Additionally, the analysis seeks to identify the
application of longitudinal methods in relation to demographics, application
domains, and interaction duration, as well as to highlight the most commonly
used evaluation indicators. Finally, the results of the systematic review were
compared with the extensive collection of UX evaluation methods mapped
on the AllAboutUX.org platform to identify any inconsistencies or missing
data.

RESULTS

Initially, 471 publications were identified, which were narrowed down to
13 articles after filtering for exclusion criteria. Of the 13 studies evaluating
the UX with ECAs, only 3 considered long-term evaluations: Hurmuz et al.,
2020; Hurmuz et al., 2022; Richards et al., 2024. Therefore most of
UX evaluation methods with ECAs focus on anticipated and momentary
experiences, largely neglecting the evaluation of long-term experiences.
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Table 1. Table summarising the evaluation methods emerging from the systematic
review.

Reference Short-Term Evaluation Over-Time

Arellano, D. et al. 2014 Questionnaire
Bai, SZ. et al. 2024 STM text analysis
Gong, L. et al. 2007 Questionnaire
Hurmuz, M.Z.M. et al.
2020

Semi-structured interviews, TAM, SUS,
Willing to pay, EQ-5D-5L, SMAS-s,
Working Alliance

Interview

Hurmuz, M.Z.M. et al.
2022

Semi-structured interviews, TAM, SUS,
Willing to pay, EQ-5D-5L, SMAS-s,
Working Alliance

Interview

Narayanan, S. et al. 2002 Interview, Video analysis
Prendinger, H. et al. 2006 Questionnaire, Video analysis, Model of

Lang
Richards, D. et al. 2024 Informal feedback Survey

Working
Alliance

Schmidt, M. et al. 2022 Empathy interview, Thinking aloud, Video
analysis, SUS, SEQ

Spiliotopoulos, D. et al.
2020

UX questionnaire

Wang, LY. et al. 2024 Performance algorithms
Weiss, B. et al. 2017 Attrakdiff questionnaire
Woo, J. et al. 2024 Questionnaire, Synchrony (Sync) and

Entrainment Loop (EL), CBT, STAI, K10,
CC test, KS test, DTW, Welch’s t-test

RQ1: What Are the UX Dimensions of Human-ECAs Interaction?

Figure 1 depicts the main UX dimensions documented in literature to evaluate
the human-ECAs interaction.

Figure 1: Dimensions of human-ECAs interaction.
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The Figure reveals that the UX of ECAs can be numerous, including aspects
such as aesthetic design, personality, degree of autonomy, and the ability to
establish a relationship. From the systematic review, it was possible to identify
seven main UX dimensions of Human-ECAs interaction: pragmatic qualities,
hedonic qualities, physical characteristics, cognitive characteristics, ethics,
interaction qualities and relational aspects. ECAs and users usually converse
to achieve common goals. This interaction, based on shared purposes and
intuitive communication, allows both agents to act as true collaborative
partners rather than mere automated tools (Breazeal et al., 2004).
Consequently, when evaluating ECAs, it is essential to consider relational
aspects. These agents, in fact, can adapt their personality, appearance, and
behavior based on the user’s implicit or explicit preferences, aiming to
develop a friend relationship (Stronks et al., 2002). For instance, relational
aspects like empathy, trust, bonding as conversations progress, creating a
deeper connection. Designing an empathetic ECA, capable of understanding
and adequately responding to the user’s emotions, not only improves the
quality of responses but also makes the experience more satisfying, fostering
a more natural communication with the agent (Yalçın, 2020). To be accepted
and efficiently used, an agent must be perceived as trustworthy: trust is
built through consistent and predictable behaviors, which not only enhance
system performance but also promote positive interactions. Conversely, a
lack of trust can compromise the system’s effectiveness, leading the user to
doubt responses or follow incorrect guidance (Moradinezhad et al., 2021).
Another crucial aspect that is gaining increasing attention is ethics. This
highlights the need to adopt an “ethics by design” approach in the design
of ECAs, ensuring that ethical principles are considered from the earliest
stages of development and not limited to mere regulations. Integrating
ethics into the process is essential to protect users’ autonomy and ensure
that technologies genuinely meet their needs. Technologies, in fact, can
pose risks to users, such as the use of “dark patterns” or persuasive
techniques that manipulate user behavior (Mulvenna et al., 2017). Therefore,
adherence to ethical principles becomes a central element in the evaluation
of ECAs.

RQ2: What Are the Methods to Evaluate the UX Dimensions of
Human-ECAs Interaction?

Our systematic review reveals that several methods are used to evaluate
the UX with ECAs, most of them focus on the short-term interaction,
few others address the interaction over-time. As shown in Figure 2, short-
term evaluations typically involve interviews, questionnaires, surveys, and
standardized tools such as the System Usability Scale (SUS) (Brooke, 1996)
and the Technology Acceptance Model (TAM) (Davis, 1989; Davis et al.,
1989). Additional UX evaluation methods include tools like the AttrakDiff
questionnaire (Law et al., 2009), User Experience Questionnaire (Law et al.,
2009), Empathy Interview (Nelsestuen et al., 2020), and Thinking Aloud
method, as well as physiological measures based on the Lang model (Lang,
1995). Other methods applied in this context include the Structural Topic
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Model (STM) (Du et al., 2010) and interpersonal synchrony with the
agents (Sync and EL) (Woo et al., 2023). Long-term assessments often rely
on recurring interviews and questionnaires to measure aspects like system
usability, the Working Alliance (Shaked, 2017), and user perception. Besides
UX-specific methods, other evaluative scales from different fields are also
used. For instance, in medical projects, specific scales such as the EQ-5D-
5L (Van Reenen et al., 2019), Self-Management Ability Scale (SMAS-s)
(Steverink, 2009), State-Trait Anxiety Inventory (STAI) (Spielberger et al.,
1971), and Kessler Psychological Distress Scale (KS Test) (Kessler et al., 2002)
are employed. In fields like negotiation or marketing, evaluations may also
consider how much users are Willing to pay for future use of the system.

Figure 2: UX evaluation methods mapped on dimensions of human-ECAs interaction.

RQ3: What Methods Evaluate the UX With ECAs Over Time?

As mentioned earlier, only three articles considered long-term evaluation.
Although limited in number, they provide an important perspective on
long-term UX methods. We decided to compare these with the methods
available on the AllAboutUX platform. AllAboutUX is an online resource
dedicated to UX, with methods validated in the literature designed to support
professionals, researchers, and students in deepening and applying UX
practices. The platform provides a wide range of evaluation methods and
tools, enriched by articles, case studies, and resources that cover various
aspects of user experience. From the analysis of the three articles, it emerged
that the methods used for long-term evaluation include interviews, usability
interviews, and the working alliance method. These methods were applied
using repeated sampling designs, with evaluations conducted at regular
intervals on the same target group.
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In two articles, interviews were specifically designed to evaluate users’
experiences with the system in question, intending to gather qualitative
interaction data. One article examined the system’s usability and employed
the working alliance method, developed in psychotherapy by Bordin. In
this context, the quality of the relationship between users and ECAs was
investigated not only from a functional perspective but also a relational one.
None of the long-term evaluation methods available on AllAboutUX were
applied in the studies analyzed. The AttrakDiff questionnaire, applicable
for both short and long-term evaluations, was used in only one article
limited to the short term. We can conclude that while the methods available
in the literature offer various longitudinal evaluation methods capable
of addressing hedonic and pragmatic aspects, it largely overlooks other
relational factors such as bonding, ethics, and trust, that could directly
influence the long-term experience. These factors can be found in other
disciplines, such as in psychotherapy with the working alliance method and
can be adapted in the UX context to evaluate the experience with an ECA.

DISCUSSION

Our research findings highlight that most UX evaluation methods currently
used in the field of ECAs tend to focus momentary interactions, overlooking
how the UX develops over time. This focus has led to an emphasis on
dimensions related mainly to usability and other indicators pertinent to
the research context, such as patient well-being in the medical field. This
approach runs the risk to not fully capture the complexity of humans-ECAs
experience evaluation.

Despite the paucity of longitudinal methods, some strategies could help to
bridge this gap. One possible solution is to use momentary UX evaluation
methods repeated over time. This approach allows for the collection of
data on how users interact with a system or service in different moments
and contexts, providing a more comprehensive and dynamic view of their
experiences.

Our research reveals that some UX dimensions have been more extensively
explored than others (Figure 2). Hedonic and pragmatic qualities, for
example, have numerous well-established methods for evaluation, such as
the System Usability Scale (SUS), the Technology Acceptance Model (TAM),
the AttrakDiff questionnaires and the User Experience Questionnaire (UEQ
and UEQ+) (Schreep et al., 2021). In contrast, aspects such as relational
and ethical dimensions are still underexplored. As for physical, cognitive,
and relational characteristics, there are no standardized tools; however, they
can be investigated using interviews and questionnaires like the previously
mentioned UEQ+. Specific aspects of physical characteristics, such as lip-
sync, active or inactive states, and coordination with speech, can be evaluated
with comparative algorithm accuracy methods. For cognitive characteristics,
the personality traits of ECAs can be analyzed using archetypes like those
of Jungor or Aaker (Garcia et al., 2018), or tools such as the OCEAN
questionnaire (Castillo et al., 2018). To examine the relationships that an
ECA can establish with users, elements such as trust, bonding, and empathy
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are considered. An example of a method for measuring bonding is the
Working Alliance, and for trust, the General Trust Scale (Jasielska et al.,
2021), both coming from the fields of psychology and sociology. Another
central aspect are the Interaction qualities, that can be evaluated using
standardized methods like PrEmo (Desmet, 2003) or Emocards (Desmet
et al., 2001), as well as questionnaires and interviews. Finally, for ethics, the
European guidelines are a useful reference.

CONCLUSION

In conclusion, to properly evaluate the UX in interaction with ECAs,
it is important to identify different dimensions impacting the quality of
interaction and selecting the right method to evaluate not only the momentary
UX but also how the UX develops over time. For a comprehensive evaluation
of this technology, it is essential to consider its multifaceted aspects, including
pragmatic and hedonic qualities, physical and cognitive characteristics,
ethics, interaction qualities, and relational aspects. Through a systematic
review, we identified the main UX dimensions in human-ECAs interaction,
as well as the evaluation methods to assess these dimensions. While certain
UX dimensions are assessed through different evaluation methods, other
dimensions like trust, bonding and empathy are seldom explored. In any
case, very few studies are reported in the literature that address the UX with
ECAs as it evolves over time. Notably, only three articles employed long-term
evaluation methods, revealing a gap in tools for longitudinal UX analysis,
while several methodological tools prove effective in capturing momentary
UX. Although these methods capture only snapshots of the UX at specific
points, their repeated application over time could help explore how the UX
changes over time.
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