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Chapter 21: Pedagogical Agents

H. Chad Lane & Noah L. Schroeder

21.1 Background and motivation

A pedagogical agent (PA) can be defined as a virtual character or physical robot that seeks to promote
learning, enhance motivation, and provide support to engage in an educational activity. PAs can be non-
interactive or interactive, and typically seek to emulate naturalistic communication with learners
through speech, gesture, emotions, and action. In this chapter, we outline the design considerations,
summarize the state of empirical research, and suggest several important directions for future research
for the PA field. While our emphasis is on research conducted with virtual agents (i.e., characters on a
display), our position is that many of the fundamental design aspects of PAs are applicable whether the
PA is physical or virtual. Similarly, from a learning sciences point of view, a known effective pedagogical
strategy should be effective regardless of the medium. That said, we certainly recognize the
fundamental practical differences between intelligent virtual agents (IVA) and social robots (SR), and the
potential for one to have advantages over another in given contexts. Later in the chapter, we identify
some recent research to explore these important differences. Our hope is that with growing interest in
educational robots, the now extensive body of research on virtual PAs can be leveraged and applied so
that mistakes are not replicated and that together, the two fields can advance with shared goals and
common methodologies.

There are many reasons to think that PAs can be beneficial for learning. Given that much learning occurs
with other people, such as in classrooms [Kumpulainen & Wray, 2003] and museums

[Leinhardt et al., 2003], it is intuitive to consider learning as a social experience involving questions,
dialogue, smiling, pointing, and much more. Introducing PAs may therefore activate a more natural,
social frame for learners as they gain new skills or knowledge. From a more technological perspective, in
an early review of the field, Johnson, et al. (2000) explained that “agents can demonstrate complex
tasks, employ locomotion and gesture to focus students’ attention on the most salient aspect of the task
at hand, and convey emotional responses to the tutorial situation” (p. 47). In other words, PAs greatly
expand available communicative bandwidth beyond a text-only interaction and they introduce the
potential to virtually inhabit a learning space with a learner. This suggests a significantly wider range of
potential collaborative and shared learning interactions as well as the compelling possibility of modeling
learning that occurs in the real world to a higher degree of fidelity.

However, the decision to include a PA in a computer-supported learning environment is a non-trivial one
that involves both theoretical and technical considerations. Including a PA in a virtual environment could
potentially increase the learner’s cognitive load and possibly hinder learning [Clark & Choi, 2007;

Sweller et al., 2011]. Also, from a software engineering point of view, implementing a sufficiently robust,
interactive, and appealing agent can be cost and time prohibitive. To achieve a meaningful level of
interactivity with a PA, significant effort is often required to achieve speech (or text) input/output,
animations of nonverbal behaviors, appropriate and recognizable gestures and movement, and more.
Each of these aspects of PA design can require associated expertise on behalf of the designer, who must
understand both the theoretical and technical implications of different design choices. Given the



complexity of PAs, it is important to understand the history of the technology and potential benefits
they can provide learners.

21.2 History of pedagogical agents

From the earliest examples of mechanical teaching machines [Pressey, 1926] to the highly interactive,
immersive, social, and digital environments of today, the development of educational technologies has
brought profound changes in the ways people learn with technology. While some of these changes
represent the application of more general technologies to educational problems (e.g., data mining,
virtual reality), others have emerged from novel properties of learning itself. For example, one of the
best forms of education known to humankind is to learn from an expert human tutor in a 1-1, face-to-
face interaction [Bloom, 1984]. Using what we know about effective human learning to influence the
design of educational technologies captures a large portion of modern educational technology research.

Thus, it is important to understand the strategies and techniques of effective teachers and tutors so that
those same productive interactions can occur in interactions with educational technology. Because an
effective human tutor can focus completely on a single learner, they are able to more precisely fine tune
help that is given to that learner’s specific emerging needs. They can constantly assess that learner’s
progress, offer personalized guidance and encouragement when that learner needs it, and optimize the
time available for practice. When freed from the demand of simultaneously meeting the needs of all
members in a group of learners, such as in a classroom, these kinds of specialized interactions become
possible. Thus, over time, computer-based learning environments have sought to emulate many of the
same tactics and provide similar interactive learning experiences that human tutors are able to provide
[Merrill et al., 1992]. In particular, tutoring is fundamentally a social experience and so the trajectory of
research on computer-based tutors has been to increase their social capabilities with the hope that their
effectiveness would simultaneously increase. In other words, a clear trend in the evolution of research
on computer-based tutoring environments has been one of making them more like humans —that is,
more communicative, social, and emotionally aware.

The earliest intelligent tutoring systems (ITSs) tended to play the role of “homework helper” by focusing
exclusively on problem solving support [Anderson et al., 1995; Shute & Psotka, 1996]. Limited by the
technology at the time, these early ITSs communicated by displaying text on a screen and tended to
focus exclusively on cognitive aspects of learning. For example, a typical ITS would flag an action as
wrong by coloring it red, or after a student requested a hint, say “You should try to combine like terms.”
By providing just-in-time help and attending immediately to the needs of the student, these and similar
later systems achieved impressive learning gains of about 1 sigma, roughly a letter grade

[Kulik & Fletcher, 2016] .

Researchers were quick to realize that much more interactivity was possible, allowing these systems to
pursue more human-like interactions. Inspired by the rich conversational tactics used by human tutors
[Chi et al., 2001], a second generation of systems sought to leverage Natural Language Processing (NLP)
techniques to allow learners to interact more naturally using their own words to explain and ask
guestions. Some systems emphasized analysis of student-generated explanations to tutor questions and
rely exclusively on natural language interaction, whereas others use dialogue as a tactic during problem
solving to support remediation of misconceptions and to better assess learner beliefs

[Graesser et al., 2001].



While PA research has existed for more than 20 years, implementing a PA within an ITS can be
technically challenging. However, recent advances in animation and sound has enabled modern ITSs to
be embodied — that is, to have a virtual body [Johnson & Lester, 2016]. PAs typically help students learn
by providing feedback that is explanatory as well as corrective [Moreno, 2005] and personalized

[Kim & Baylor, 2016]. By using nonverbal communication in the set of pedagogical strategies (e.g.,
nodding, eye-brow raising) the PA can utilize, the bandwidth of communication between the PA and the
learner is greatly expanded. For example, when explaining concepts to the student, agents can leverage
relevant supporting gestures known to facilitate thinking and learning

[Davis, 2018; Goldin- Meadow, 2003]. In digital environments such as virtual worlds, an embodied agent
can even inhabit the same learning space, provide orientation actions (such as pointing), and
demonstrate activities in the environment for the learner, enabling learning through observation.

Body movement, gestures, and facial expressions also expand the communicative bandwidth for PAs to
convey emotional messages, such as empathy and excitement. This enables implementation of more
socially adept agents, which has been shown to benefit student learning in many cases (Atkinson et al.,
2005), increase self-efficacy [Lane et al., 2013], and more broadly, enable systems to better motivate
and engage learners [Kramer & Bente, 2010; Lane, 2016; Schroeder & Adesope, 2014]. A growing body
of evidence supports claims that when designed properly, PAs enhance students’ motivational and
learning outcomes [Kim & Baylor, 2016; Schroeder et al., 2013]. Many of these effects are believed to be
due to overt attempts to convey empathy and build rapport with human partners and engage in social
conversation, which distinguish PA-based learning environments from many (non-PA enhanced)
computer-based learning environments.

21.3 Designing and implementing pedagogical agents

Incorporating a PA into a computer-based learning environment entails a substantial amount of
additional design and implementation work. Designing effective PAs requires an in-depth understanding
of the context they are being implemented in, such as the learners who will be interacting with the PA,
the information being taught, and the interaction between the learners’ prior knowledge and the
learning content. As such, not only is a strong understanding of learning theory necessary to know when
and how to implement a PA, but a designer or design team must also have the technical skills to
implement an effective PA. More specifically, in addition to deciding on the external properties such as
the appearance of the agent as well as its role in the learning environment, defining internal models and
properties (such as expert knowledge, learner model, and pedagogical polices) are also essential

[Dehn & van Mulken, 2000]. We provide an overview of these topics below, but refer readers to Heidig
and Clarebout (2011) for more detailed frameworks.

21.3.1 External properties - roles and appearance

A consistent argument given for the use of PAs is that they are believed to create a more social learning
experience for a learner. While much of the success behind creating a social experience depends on the
underlying technologies (e.g., natural language processing, animation quality), the basic design of the
agent can have a profound impact on the experience. Two of the most fundamental design choices that
must be made are (1) the role that PA will play in the learning experience and (2) what the agent will
look like, how it will speak, and the agent’s “personality”. Table 1 provides examples of some of these
important design choices.



Table 1. Examples of important elements of the design space of pedagogical agents.

Role expert (teacher, tutor, coach)
learning companion (peer)
simulated role player (e.g., virtual patient for doctor training)

Appearance fidelity (cartoon, photoreal)

shape, size, species, race/ethnicity (humanoid, animal, “living” object)
gender, age, size, & shape

hair, eye, skin color; clothing & accessories

non-verbal behaviors (gestures, body language)

Language/speech voice type (machine-generated or recorded human speech)
voice qualities (pitch, prosody, rate, disfluencies)
word choice (formal, informal, colloquial/culturally aligned)

Backstory/personality | place of origin
likes/dislikes
sense of humor

A systematic review revealed that a large percentage of PAs reported in the literature play the role of
teacher or coach [Schroeder & Gotch, 2015]. In this case, the PA takes on the traditional role of guiding
the learner through learning tasks, such as solving problems or gaining conceptual understanding of
some topic. PAs in this category are often responsible for structuring a learning experience by selecting
problems to solve or topics to discuss, providing hints and feedback, and generally managing the
learner’s experience. The next most popular role for PAs falls under the pedagogical approach of
reciprocal teaching [Palincsar & Brown, 1984] by positioning the student as a simulated learner with the
human learner acting as teacher. Such teachable agents implement the learning-by-teaching paradigm
and have been explored in a variety of contexts [Biswas et al., 2016; Matsuda et al., 2013]. Sometimes a
teachable agent can take the role of a peer collaborator as well, meaning that the human learner may
both learn from and teach during simulated collaborative interactions, see also Chapter 22 on “Socially
Interactive Agents as Peers” [Cassell, 2022] of this volume of this handbook.

The appearance of an agent is a similarly important design choice that can have consequences on
learning and motivational outcomes [Veletsianos, 2010]. Basic design choices like age, gender, or
ethnicity may impact how a PA is perceived and in what implicit assumptions are made by a learner.
Further, the level of realism in the appearance, or whether the agent is humanoid or not, also likely
influences the nature of the interactions a learner may or choose not to have with an agent. For
example, research has shown that age, gender, or ethnicity of an agent may challenge or reinforce
stereotypes that a learner may have about the role the agent is playing [Baylor & Kim, 2004], and
research has also shown that learners can have biases against PAs based on the PAs skin tone

[Zipp & Craig, 2019] . Yet, research does not always provide clear answers as to how agents should be
designed in regards to their appearance. There may be benefits to offering learners a choice of agent,
specifically for learners from minority and underrepresented groups [Baylor, 2005]. Relatedly, evidence
has been found for the similarity attraction hypothesis which says that people are naturally drawn to
others that look and behave in ways that are similar to them. In a study of over 500 middle school aged
learners, there were motivational benefits for gender matching between a learner and a PA

[Ozogul et al., 2013] . However, another study found that learners who chose to learn with PAs that



were the same ethnicity as themselves performed worse on learning tests than those who chose to
learn with PAs of a different ethnicity than themselves [Moreno & Flowerday, 2006]. As such, it is
important to note that such findings are challenging to generalize due to the vast individual differences
between learners, including important factors like age, interests, and background.

As noted, we have only shared a few examples of a vast body of complex empirical research on the
design of PAs for learning. Heidig and Clarebout (2011) provide a far more in-depth framework capturing
the design aspects of implementing PAs.

23.3.2 Internal models and properties - policies, actions, and behaviors

While the external properties of a PA can be important, there is substantial evidence that the
pedagogical activities of intelligent systems can and do impact learning. The best ITSs are known to
improve learning by effect sizes of 1.0-1.2 standard deviations [Kulik & Fletcher, 2016; VanLehn, 2011].
Given that most of the ITSs in these studies do not include an embodied agent, it is likely that the
learning gains are largely due to the pedagogical interventions provided by the system.

Dehn and van Mulken (2000) refer to these as internal properties of a system given that they involve
pedagogical activities (e.g., assessing learner actions, deciding what feedback to give, delivering help)
and do not require use of an embodied agent. The pedagogical decision space of intelligent tutors
includes critical decisions points such as how to select problems, how often to give feedback and hints,
what level of detail to include in hints, how to respond to emotional changes, and more

[Anderson et al., 1995; VanLehn, 2006] . In this section we focus primarily on how PAs enhance and
extend this design space and explore some possible features of PAs that may improve upon a
disembodied tutoring system (Figure 1).
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Figure 1. Examples of how pedagogical agents can interact with learners that enhance or extend the
capabilities of a traditional (non-embodied) intelligent tutor. The PA shown is “Dotty” from the Virtual
Sprouts project [Bell et al., 2018].

Inhabiting the same space as the learner

In the physical world, a teacher or coach exists in the space and can interact with the same objects as
the learner. For example, if a learner is learning how to paint, an instructor can step in to demonstrate



how to hold a brush in their hand or perform a stroke for that learner on the canvas. PAs that exist
inside virtual environments alongside a learner’s avatar also have this ability. A PA might lead the
learner to a specific location in a virtual world by having the learner follow them (navigational support).
Naturalistic supports are possible as well by gaze changes (where the agent looks) or pointing in the
virtual environment. A PA can also demonstrate a skill enabling the learner to play more the role of
apprentice, or provide additional scaffolding during problem solving for a learner by doing a step for
them or undoing a mistake. One of the first embodied PAs, STEVE, exhibited these actions for repair of
HVAC (Heating, Ventilation, and Air Condition) systems on ships [Rickel & Johnson, 1997].

PAs can also play meaningful roles in narrative-based learning environments by portraying part of a
larger story and collaborating with the learner to solve problems. A good example of this approach can
be found in Crystal Island [Rowe et al., 2011] a multi-agent educational game for middle school biology.
In the game, the learner is trapped on an island with everyone getting sick from a mysterious illness. The
pedagogical agents play various roles, including scientists and medical personnel. As one the last
remaining conscious inhabitants of the island, the learner must conduct experiments and work with the
remaining agents to learn about their progress and unravel the mystery.

Emoting and social signals

While a certain level of emotion is certainly possible in text, such messages can be more impactful when
combined with corresponding physical gestures and facial expressions. One such example can be found
in Coach Mike, a virtual agent who supports learners at a museum exhibit for computer programming
[Lane et al.,, 2013; Lane et al., 2011]. Coach Mike used synthesized speech along with a number of
gestures and animations to build rapport with museum visitors and convey emotional messages such as
empathy and excitement (figure 2). Gestures are also known to play an important role in learning,
especially when they align conceptually with the content. For example, pedagogical agents that used
gestures during a lesson on mathematical equivalence were more effective than agents that did not
[Cook et al., 2017]. Importantly, this preliminary evidence suggests the fundamental role of gesture in
promoting learning, and is impossible without the use of a PA (for computer-based learning).
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Figure 2. Coach Mike, a pedagogical agent for informal computer science education that seeks to be
welcoming and excited for the learner when successfully completing tasks (Lane et al., 2011).

Conversational interactions

One of the most obvious benefits of using a PA is the potential for more naturalistic communication and
to achieve learning gains that approach human tutoring [Bloom, 1984]. Basic research on human
communication tells us that humans instinctively naturally bring a social frame to interactions with
machines [Reeves & Nass, 1996], which is promising for work on agents given that the aim is also to
emulate human communication, both verbal and physical. As mentioned in section 21.2, intelligent
tutors based on conversational interaction were around long before agents were possible [Graesser et
al., 2001]. What is possible with a PA is to go beyond the textual components of a conversation to
incorporate additional conversational behaviors such as nodding, head-shaking, eye-brow raising, and
cognitive gestures (e.g., hand to chin, head scratching). These behaviors all contribute to establishing a
sense of social presence, which has been positively linked to learning [Frechette & Moreno, 2010]. While
not immediately applicable to achieving any particular learning goal in a conversation, such interactions
do contribute to at least two related aims. First, improved conversational skills can help an agent build
rapport, an important element of any conversation, but especially teaching and learning

[Estepp & Roberts, 2015; Gratch et al., 2007]. Second, building trust between a human and agent is
widely regarded as important [Rheu et al., 2021] and related to conversational skills and relationship
building. Early studies have shown, however, that trust primarily influences perceptions of an agent and,
so far, has minimal impact on learning outcomes [Schroeder et al., 2021].

21.4 Empirical status of pedagogical agents

Researchers have explored the use of PAs in a wide variety of learning environments, for a diverse
population of learners, and in varied contexts for more than twenty years. Meta-analyses of PA research
have consistently showed that PAs can have small, positive effects on learning when compared to
conditions that do not have PAs present [Castro-Alonso et al., 2021; Schroeder et al., 2013]. In contrast,
systematic reviews of the literature have not found consistent, statistically significant benefits of
pedagogical agents for facilitating learners’ motivation [Heidig & Clarebout, 2011; Schroeder & Adesope,
2014], although Schroeder and Adesope (2014) did find more positive effects than negative. Finally, in
regards to cognitive load, Schroeder and Adesope’s systematic review found few significant effects, and
non-significant effects were also mixed with some studies finding PAs increased cognitive load while
others found PAs decreased cognitive load.

It is important to note that researchers have argued that examining the overall effectiveness of PAs
across these varied contexts is too broad a question that overlooks the nuances of context and PA
design [Heidig & Clarebout, 2011; Schroeder & Craig, 2021]. This is exemplified by the findings of
Schroeder et al.’s (2013) meta-analysis, which found strong, positive effects when K-12 students learned
from PAs. While the number of studies included in the analysis was relatively small, the effect stands in
contrast to the small positive effect found for postsecondary learners.

In order to help understand the design and contextual factors that may influence the impacts of PAs,
many researchers have moved beyond comparing PAs to non-PA conditions, and instead have begun
investigating specific design aspects of PAs, the impacts of PAs on various types of outcomes other than
learning, or exploring the use of PAs in novel contexts.



21.4.1 Research-based PA Design — Exploring Agent Voice

Designing an effective PA requires attention to a wide range of details, as illustrated in this chapter and
also by Heidig and Clarebout’s (2011) frameworks. Discussing all of these components in detail is outside
the scope of this chapter, but we feel it is important to understand the depth of the research that takes
place within each major design component. As such, in this section we explore one aspect of PA design
that has been investigated in current research and is also broadly applicable: the way the agent
communicates with the learner. This aspect of PA design is multi-faceted, spanning various design
components such as the role of the PA, its voice and language, and its backstory. For the purposes of our
example in this section, we explore only the voice and language used by a PA in detail.

A critical question when designing PAs is how they will communicate with the learner, and therefore a
designer has a few critical choices to make. First, one must choose a type of voice for the PA (i.e.,
machine-generated or recorded human speech), which will have ramifications with regards to the
qualities of the voice itself, and they also must consider different types of speech patterns.

Choosing what type of voice to use for a PA used to be a relatively simple process. Research around the
voice principle [Mayer, 2014] had shown that in multimedia learning situations, recorded human speech
consistently lead to higher learning outcomes than machine-generated, or text-to-speech (TTS), voices
[Atkinson et al., 2005; Mayer et al., 2003]. However, there is a growing body of research investigating
the type of voice one should use to aid learning in multimedia learning situations

[Craig & Schroeder, 2019] and, more specifically, the type of voice that a PA should use to communicate
with the learner [Chiou et al., 2020; Craig & Schroeder, 2017], which is showing that modern TTS voices
can facilitate learning as well as recorded human voices. As such, PA designers should consider their
software and its technical requirements as part of their decision-making process when picking a type of
voice for the PA to use. Specifically, if a system needs to be able to reply with a wide variety of
responses, or can create its own responses rather than replying with pre-made phrases, this may be
more easily implemented with a TTS engine rather than a recorded human voice. In contrast, if one is
creating a video that contains a PA but the learner does not interact or converse with the PA, they
simply listen to a recording, a recorded human voice may be preferable in some circumstances. To
conclude our discussion of voice type, it is important to note that research cited in this section was often
dealing with PAs that did not naturally and adaptively converse with the learner, but rather conveyed
either pre-scripted speech or were simple recordings of PA delivering a narrative. It is not clear if TTS or
recorded human voices would be superior for facilitating learning in systems that generate unique
responses in the course of a conversation with a learner.

While the choice of TTS compared to recorded human speech may seem relatively straightforward due
to software requirements, one must also consider the qualities of the voice itself. For example, the
prosody of the voice may be important. Prosody refers to the stress, intonation, and rhythm of speech
that can provide important information to a listener [American Psychological Association, 2021;

Davis et al., 2019; Shintel et al., 2014]. This is potentially an important factor in PA design, especially if
the learner is communicating in their non-native language [Davis et al., 2019]. Few studies have
examined voice prosody in relation to PAs specifically. However, Davis et al. (2019) investigated the use
of PAs with strong or weak voice prosody for teaching non-native speakers. Their results revealed no
statistically significant differences on learning outcomes, but they concluded that more research is



needed to better understand what features of human voices are important for facilitating learning. A PA
designer must then decide how important prosody is in their context. This potentially has implications
for if they can use a TTS voice or would be better served by a recorded human voice, depending on the
software they have available. Please see Chapter 6 on “Building and Designing Expressive Speech
Synthesis” [Aylett et al., 2021] of volume 1 of this handbook [Lugrin et al., 2021] on expressive speech
synthesis for further details.

21.4.2 Communication Styles

A PA designer must also decide how the PA will use language when communicating with the learner. In
the research literature, this is often characterized by using a conversational style compared to a more
formal style. In the broader literature outside of PAs specifically, researchers have investigated this
qguestion in some depth. A meta-analysis found that using a conversational style aided both retention
and transfer outcomes, with a noteworthy effect on learning transfer outcomes, d = .54

[Ginns et al., 2013]. Importantly, the transfer outcomes were not significantly moderated by either the
specific language (e.g., English, German, etc.) nor the learners’ grade level, and Ginns et al. found that
the conversational style provided strong benefits for effective cognitive processing (d = .62). It is
important to note however, that Ginns et al. found that the length of the intervention significantly
moderated the transfer outcomes, and few studies were longer than 35 minutes in length. As such, it
seems that, especially for relatively short interventions, conversational style language may benefit
learning.

21.4.3 Summary of Empirical Status

Veletsianos and Russell (2014) observed that while PAs have often been associated with providing
learning benefits to learners, it is not necessarily their presence alone that typically facilitates learning,
but rather, it is often the pedagogical strategies that the PA facilitates that may benefit learning
compared to non-PA conditions. In addition, Craig and Schroeder (2018) suggested that PAs may benefit
learning most when the social aspects of their use can be leveraged, such as when they can act as
conversational partners that convey emotions and model and facilitate effective learning strategies. As
such, it is prudent that designers consider what educational benefits a PA could provide in their specific
system within their context, and design each aspect of the PA as appropriate.

There is a vast amount of research around many of the design choices one needs to make when
designing a PA. It is also important to remember that there can be interactions between different PA
design components. For example, the role the agent plays in the environment may also influence how
an agent should communicate, either conversationally or more formally, and thus a designer should
consider all aspects of their PA design together rather than in isolation.

21.5 Relationship with IVA and SR research

Research on IVA and SR has many shared goals and similar challenges, with the key (obvious) difference
being the use of a physical or virtual agent/robot. As mentioned in chapter 1 on “Introduction to Socially
Interactive Agents” [Lugrin, 2021] of volume 1 of this handbook [Lugrin et al., 2021], comparisons
between these two modalities are revealing strengths and weaknesses of both. The challenges, costs,



and limitations of a robot may present challenges to implementation, however the benefits of
interacting with the physical world of a learner has great potential for supporting learning in deeper
ways. For example, learning very often occurs in a social context (classrooms, museums, outdoors) and
so bringing a PA from a computer screen into these physical contexts has obvious benefits, such as in-
context guidance and coordinating group work on a collaborative, physical task (e.g., planting a garden).
Emerging research on using SR for education is beginning to explore these benefits [Belpaeme et al.,
2018; Mubin et al., 2013].

Research in a wide range of areas has clear applications to both IVAs and SRs. For example, the
challenge of increasing naturalistic interactions with speech and language understanding, natural
language generation, dialogue modeling, animation of nonverbal behaviors and more have value
broadly for IVA and SR, and specifically for PAs. In one study of college students, robots were viewed as
credible instructors by students (Edwards et al., 2016), due in part to believable and natural interactions
that resulted from remote human control (e.g., “Wizard of Oz”). Researchers have also shown that
robots that emote are more effective in terms of supporting learners, due most likely to feelings of
empathy and concern that learners experience [Obaid et al., 2018; Saerbeck et al., 2010]. Clearly,
underlying algorithms that detect, express, and enable naturalistic interactions can contribute to both
virtual and physical PAs.

21.6 Current challenges

Pedagogical agent researchers face a variety of challenges in their work. Notably, PAs can be time and
resource-intensive to develop. One positive outcome of this challenge is that researchers have
developed systems that greatly vary, from individual agents delivering a narrative without any back and
forth dialogue with the user [Schroeder, 2017], through intelligent tutoring systems with one or more
Pas [Graesser et al., 2017], teachable agents [Silvervarg et al., 2021], and even virtual worlds [Rowe et
al., 2011]. However, the challenge of creating PAs persists. To date, there are few user-friendly software
programs with a graphic-user interface that can help a researcher create a PA, and likely fewer yet that
allow for the development of interactive PAs. While some platforms do exist to facilitate the interactive
PA creation process [Hartholt et al., 2013; Lane et al., 2015], the general process of authoring a new
intelligent agent, embodied or not, still represents one of the most persistent and complex challenges
for the field [Dermeval et al., 2018; Murray et al., 2003; Sottilare et al., 2017], in part due to its
interdisciplinary nature.

Like many fields, the PA literature is also limited by the lack of psychometrically strong measurement
tools within the field. These limitations were noted by researchers more than 15 years ago

[Clark & Choi, 2005] , however relatively few validated measures developed specifically for use with PAs
exist in the literature. In fact, much of the literature still relies on the Agent Persona Instrument

[Ryu & Baylor, 2005] or Schroeder et al.’s (2018) revision of it. While this instrument has been useful for
examining different aspects of PA persona, researchers have found that it does not strongly predict or
influence learning outcomes [Schroeder, 2017; Schroeder et al., 2018]. The field would benefit from new
instruments being developed which can help push the field forward. For example, while a PA may only
facilitate a small learning benefit in some circumstances, which may not rationalize the cost and effort
required to create it, there may be other benefits (e.g., social or emotional outcomes) from the agent
that are viewed as more important. However, without adequate measurement techniques it is
challenging to approach those areas of work.



Finally, the field has also found challenges in creating PAs that express emotions well, and
understanding if and how these emotions impact learners. However, recent work is making
advancements in this area. For example, Lawson et al. (2021b) compared a human instructor and a PA,
and found that learners could differentiate positive and negative emotions in both cases. In a different
study, Lawson et al. (2021a) found that learners were able to differentiate a PA’s emotions, and
generally perceived positive PAs better than negative PAs. Meanwhile, other lines of work have
examined how to best create believable PA emotions. Anasingaraju et al. (2020) found that the PAs
body was the most important aspect of creating the believable expression of emotions. Together with
basic research in affective computing to model and recognize emotions [Calvo et al., 2015], these
represent significant ongoing challenges for the field.

21.7 Future directions

While many ongoing research areas related to PAs will continue to see much attention in coming years,
some areas remain elusive. In this section we provide our opinions on what the field should emphasize
in the coming years.

21.7.1 PA Support for lifelong learning

Much of what we know about learning from PAs and specific aspects of PA design comes from studies
that are of relatively short duration. For example, many studies investigating specific design aspects of
PAs contain interventions less than 10 minutes in duration [Chiou et al., 2020; Davis, 2018], whereas a
longer duration study may be a few hours [Li & Graesser, 2021]. This being the case, a long-standing
question in PA research is how learners will learn from [Choi & Clark, 2006; Gulz, 2004] and develop
relationships with PAs over longer durations [Veletsianos & Russell, 2014]. For example, one question
posed by researchers is if the benefits of PAs are simply due to novelty effects that may wear off over
time [Choi & Clark, 2006]. Importantly however, Veletsianos and Russell (2014) raised a number of
guestions about the ethics related to designing agents that make emotional connections between the
learner and the agent. In terms of technical demands of supporting lifelong learning, a PA would require
a long-term model of a learner that spans different domains and contexts. This challenge is well-known
[Kay, 2008] and different approaches have been pursued that seek to inform pedagogical decision
making, such as meeting learner preferences and modeling memory decay [Kay & Kummerfeld, 2012;
Pavlik et al., 2020]. This area surely needs more research to address it, especially if longer-term PA
interventions are pursued by researchers.

21.7.2 PA Support for medical and health literacy

Research on building conversational agents for health literacy and supporting medical information
needs has grown substantially in recent years [Montenegro et al., 2019; Morrow et al., 2021]. Given the
cost of human-human support, and the challenges associated with printed materials, this line of
research seeks to provide intuitive and natural ways for acquiring information about diagnoses,
treatments, and self-care. In overlapping with support for lifelong learning, Bickmore et al. have
implemented numerous agents that provide such support [Bickmore & Picard, 2005]. This work has
provided a framework for agent-human relationship building as well as methods for behavior change
[Bickmore et al., 2013]. Agents have particularly been successful with aging adults and supporting
complex medication schedules and self-care techniques [Azevedo et al., 2018]. While such systems have
implicitly recognized patients as learners, such as by answering questions and providing information,



there remains a long list of techniques from PA research that focus on supporting learning that have
potential to transform agents in the area of health literacy. Please consult chapter 24 on “Health-
Related Applications of Socially Interactive Agents” [Bickmore, 2022] of this handbook for further
details.

21.7.3 New and Emerging Areas for PA Research

While researchers have long-examined the effects of PAs on learning, researchers have also began
looking at factors other than learning that PAs may influence, such as learners’ trust in the agent. For
example, Chiou et al. (2020) examined how different types of PA voices influenced learners trust in the
PA. Outcomes such as trust and credibility, as well as other outcomes such as social presence, may be
particularly important as researchers are moving PAs beyond science and mathematics teaching
contexts to more sensitive topics such as health (section 21.7.2) and counseling [King et al., 2020].

Another emerging line of research is how various learner perceptions of the PA can influence learning
outcomes [Schroeder et al., 2021; Schroeder et al., 2017; Schroeder et al., 2018]. Presumably, the goal
of these lines of work is work towards identifying the specific outcomes that most influence learning,
then researchers can isolate specific design features to help facilitate these outcomes and improve
learning from PAs.

21.8 Summary

In this chapter we have summarized research on PAs by describing the “external” design considerations
(age, gender, ethnicity, form, etc.), the “internal” properties that define how such agents can promote
learning, and documented specific interaction techniques for which PAs are unique or can improve upon
previous non-embodied intelligent tutoring systems. We summarized current research on PAs and
provided an overview of findings as they relate to the design of agents, pedagogical strategies, and
roles. While empirical evidence is modest to date, it is nonetheless positive for many contexts and
learners (young and older). In the future, we suggest that PA research should focus on providing longer
term support, across domains, integrate learning technologies into health literacy agents, and continue
to focus on specific ways that PAs connect with learners either via enhanced trust, social presence, and
quality of learner experiences.
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