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Abstract
Artificial intelligence (AI) and natural language pro-
cessing technologies have fuelled the growth of 
Pedagogical Conversational Agents (PCAs) with em-
pathic conversational capabilities. However, no sys-
tematic literature review has explored the intersection 
between conversational agents, education and emo-
tion. Therefore, this study aimed to outline the key 
aspects of designing, implementing and evaluating 
these agents. The data sources were empirical stud-
ies, including peer- reviewed conference papers and 
journal articles, and the most recent publications, 
from the ACM Digital Library, IEEE Xplore, ProQuest, 
ScienceDirect, Scopus, SpringerLink, Taylor & 
Francis Online, Web of Science and Wiley Online 
Library. The remaining papers underwent a rigorous 
quality assessment. A filter study meeting the objec-
tive was based on keywords. Comparative analysis 
and synthesis of results were used to handle data 
and combine study outcomes. Out of 1162 search re-
sults, 13 studies were selected. The results indicate 
that agents promote dialogic learning, proficiency in 
knowledge domains, personalized feedback and em-
pathic abilities as essential design principles. Most 
implementations employ a quantitative approach, 
and two variables are used for evaluation. Feedback 
types play a vital role in achieving positive results 
in learning performance and student perceptions. 
The main limitations and gaps are the time range 
for literature selection, the level of integration of the 
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INTRODUCTION

The chatbot industry has been on an exponential growth trajectory, with a valuation of 190.8 
million USD in 2016, which is projected to reach a staggering 1.25 billion USD by 2025 
(Research and Markets, 2022). The inception of conversational agents dates to over half a 
century ago, with the development of ELIZA by Weizenbaum (1966). Today, the buzz around 
the singularity in artificial intelligence (AI) has become more prevalent, especially after the 
publication of ChatGPT (OpenAI, 2022). Natural language processing (NLP) technology 
enables conversational agents to facilitate human–computer interaction through natural 
language.

In the e- learning field, it is imperative to recognize students' emotional states as they 
progress in their learning journey. Each student is unique, and there is no one- size- fits- all 
approach to education. Emotions are pivotal in shaping the interaction process and therefore 
must be taken into consideration when designing any methodological strategy or learning 
tool. Pedagogical agents, or autonomous characters, are used to create rich, face- to- face 
learning interactions in cohabiting environments with students (Johnson et al., 2000). These 
agents, also known as educational chatbots, can function as independent tools or be inte-
grated into Intelligent Tutoring Systems (ITSs). They interact with students through various 
modes of communication including text, speech, graphics, haptics and gestures. Empathic 
Pedagogical Conversational Agents (PCAs) have emerged as an important approach for en-
hancing and personalizing the learning experience. Thus, this Systematic Literature Review 
(SLR) focused on empathic PCAs.

Rationale

Recent studies have shown that empathic chatbots can improve students' learning efficiency 
by providing instant feedback (Wu et al., 2020). However, there are numerous challenges in 
interaction, such as the need for chatbots to possess human- like interpersonal qualities and 
the risk of conversation breakdown due to poor conversation skills. To ensure effective inter-
actions, conversational agents must be syntactically correct, empathic and knowledgeable, 
and should be context- aware (Prendinger & Ishizuka, 2005). Components like affect, emo-
tion, tone and sentiment are used to create empathic agents that can evoke empathic reac-
tions in users (Kusal et al., 2022). An empathic agent is “a synthetic character that evokes an 

empathic field and the lack of a detailed development 
stage report. Moreover, future directions are the ethi-
cal implications of agents operating beyond sched-
uled learning times and the adoption of Responsible 
AI principles. In conclusion, this review provides a 
comprehensive framework of empathic PCAs, mostly 
in their evaluation. The systematic review registration 
number is osf. io/ 3xk6a .

K E Y W O R D S
affective feedback, conversational agents, design principles, 
emotion, learning outcomes, learning performance, student 
perceptions, systematic literature review
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empathic reaction in the user” (Hall & Woods, 2006, p. 310). In this regard, empathic PCAs 
are agents designed to integrate emotional abilities and interact with students, and recent 
advancements in AI and NLP technologies have driven the development of agents with ad-
vanced conversational capabilities (Liu et al., 2022; Terzidou et al., 2018; Wu et al., 2020).

Although many empathic PCAs have been created, there is a dearth of SLRs regarding 
their application in the educational field, especially in their integration of emotional abilities. 
While there are many general SLRs on conversational agents, their findings serve as the 
foundation for more in- depth studies. Recent SLRs focused independently on the education 
and emotion field are:

• Education. Kuhail et al. (2022) analyses the educational field, platform, design principles, 
the role of chatbots, interaction styles, evidence and limitations. Huang et al. (2021) anal-
yses the possible pedagogical, technological and social affordances enabled by chatbots 
in language learning. Okonkwo and Ade- Ibijola (2021) analyses the profile for chatbot 

Practitioner notes

What is already known about this topic
• Emotions play a pivotal role in shaping the interaction process, making it essential 

to consider them when designing methodological strategies or learning tools.
• Empathic Pedagogical Conversational Agents (PCAs) have emerged as a crucial 

approach for enhancing and personalizing the learning experience (24/7) for pu-
pils and supporting human teachers in their teaching process.

• Despite the creation of numerous empathic PCAs, there is a scarcity of Systematic 
Literature Reviews (SLRs) on their application in the educational field, particularly 
concerning the integration of emotional abilities in combination with the competen-
cies of each subject.

What this paper adds
• It offers new insights into the design principles underlying the integration of the 

empathic field.
• It reviews different approaches for incorporating students' prior knowledge in real 

time.
• It provides a comprehensive and up- to- date overview of the research designs 

used for implementation, including quantitative, qualitative and mixed methods.
• It examines the factors that influence the effectiveness of empathic PCA in teach-

ing and learning.
• It evaluates the types of feedback that enhance the impact of the empathic field on 

learning outcomes.
Implications for practice and/or policy
• It is crucial to grasp the topics that this paper introduces in order to effectively 

integrate new learning tools into any context.
• Techno- pedagogical designers seeking to gain insights into empathic PCAs will 

find immense value in this SLR, as it comprehensively covers each stage of the 
process.

• For future research endeavours, this study offers a wealth of ideas to draw upon, 
enabling researchers to address the challenges outlined and explore new ave-
nues of investigation.
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applications in the education domain, the benefits and challenges of implementing chat-
bots in an educational setting, and potential future areas of education that could benefit 
from using chatbots.

• Emotion. Kusal et al. (2022) provides a review of AI- based conversational agents; the au-
thors discuss how conversational agents can simulate human behaviour by adding emo-
tions, sentiments and affect to the context. Bilquise et al. (2022) focuses on the empathic 
chatbot development stage, mentioning that 1% of such agents are applied in education. 
Rapp et al. (2021) focuses on the human–computer interaction perspective of chatbot 
usage by investigating human- like chatbots' usability and user acceptance.

Previous review studies have made significant contributions to the literature, albeit their 
main emphasis was the educational field, platform, design principles, the role of chatbots, 
interaction styles, evidence and limitations (Kuhail et al., 2022); the pedagogical, techno-
logical and social affordances of chatbots (Huang et al., 2021); and determining the bene-
fits and challenges of implementing educational chatbots (Okonkwo & Ade- Ibijola, 2021). 
Nonetheless, none of these studies have explored the crucial field of empathic PCA. Given 
the extensive research on PCAs, it is essential to conduct an SLR that sheds light on key 
aspects of empathic PCA, such as design principles, approaches for integrating students' 
prior knowledge (Tegos & Demetriadis, 2017), research methods, variables for evaluation 
and feedback types.

Objective

Considering the above fields and the research gaps, this study analysed contributions in the 
intersection of conversational agent- education- emotion and aimed to answer the following 
research questions (RQs):

• RQ1: What are the design principles for building an empathic PCA?
• RQ2: What empathic PCA set- ups integrate students' previous knowledge?
• RQ3: What research approaches are used in the implementation of empathic PCA?
• RQ4: What are the variables for assessing an empathic PCA?
• RQ5: What types of feedback from empathic PCAs impact learning outcomes?

The main goal was to describe the empathic PCA's design, implementation and evalu-
ation stages. The design stage centred around principles and methods for incorporating 
students' prior knowledge. The implementation, on the other hand, delved into research 
methodologies. Finally, the evaluation stage concerned with assessing variables and feed-
back methods that influence learning results. For that, the populations were the reports that 
link the three components: conversational agent, education and emotion. The intervention 
was the search context; thus, some keywords were identified. The results showed a com-
parison of the reports regarding the research questions. The outcomes were agents' design 
principles, set- ups for integrating the students' previous knowledge, research approaches, 
assessment variables and feedback types that impact learning outcomes. Finally, all types 
of research approaches were useful, whether quantitative, qualitative or mixed.

This study contributes to five key areas by systematically analysing papers on empathic 
PCAs. First, it offers new insights into the design principles that underlie the integration of 
the empathic field. Second, it reviews the different approaches for incorporating the stu-
dents' prior knowledge in real time. Third, it provides a comprehensive and up- to- date over-
view of the research designs used for implementation, including quantitative, qualitative and 
mixed methods. Fourth, it examines the factors that influence the effectiveness of empathic 
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PCA in teaching and learning. Finally, considering the empathic field, it evaluates the types 
of feedback that enhance the impact on learning outcomes. Understanding these topics is 
crucial for any context where new learning tools are being integrated. This SLR is a valu-
able resource for techno- pedagogical designers seeking to learn about empathic PCAs, 
as it covers each stage of the process. Furthermore, future research could draw from the 
ideas presented in this study while addressing the challenges discussed and exploring new 
research directions.

The remaining sections of this study are structured as follows. Second section details the 
methodology of the systematic review and its phases. Third section presents the findings of 
the study. Fourth section discusses the results, limitations and conclusions.

METHOD

The review process method is divided into several sections: protocol and registration, eligi-
bility criteria, information sources, search, study selection and so on. Each section is further 
subdivided into several steps, each of which is described below.

Protocol and registration

This study explores existing literature on the design, implementation and evaluation of em-
pathic PCA by adopting the Preferred Reporting Items for Systematic Reviews and Meta 
Analyses (PRISMA) framework (Moher et al., 2009) and following the Guidelines for perform-
ing Systematic Literature Reviews in Software Engineering (Kitchenham & Charters, 2007). 
A systematic review is “a review of a clearly formulated question that uses systematic and 
explicit methods to identify, select, and critically appraise relevant research, and to collect 
and analyze data from the studies that are included in the review” (Moher et al., 2009, p. 1). 
The systematic review registration number is osf. io/ 3xk6a .

Eligibility criteria

The primary aid of the search criteria was to investigate the latest advances in the design, 
implementation and evaluation of empathic conversational agents in education. To that ef-
fect, systematic reviews were preliminary searches to understand the study's context key-
words and scope. The Population, Intervention, Comparison, Outcome, and Study (PICOS) 
method outlined by Petticrew and Roberts (2006) was used as a guideline to define the 
research directions. The study's population relates to the main keywords and their deriva-
tives with similar connotations for the technical names of “conversational agents”, “emo-
tion” and “education” words. The intervention refers to the search context; keywords were 
used to filter studies that met the objective. All empathic PCA designs, implementations and 
evaluations were considered for comparison. The outcomes determined the data coding 
requirements and results, including empathic PCA design principles, set- ups for integrating 
students' previous knowledge, research approaches, assessment variables and feedback 
types that impact learning outcomes. Finally, the study designs were defined as experimen-
tal, action research or mixed methods.

Some essential criteria were defined to select articles for the review. Table 1 summa-
rizes the inclusion and exclusion criteria applied for selecting the articles. First, the empir-
ical studies included related to the design, implementation or evaluation of conversational 
agents, used in the educational field, and that consider the conversational agent's empathic 
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abilities in its design. Second, only peer- reviewed conference papers and journal articles 
were included, excluding books, book chapters, reviews, dissertations, articles in the press, 
abstracts, posters or annotated bibliographies. Last, the most recent papers were included 
in the study; that is, previous papers mentioned in the newest articles were excluded.

To ensure a rigorous assessment of the articles included in the review, a quality assess-
ment checklist consisting of 11 questions was developed and is presented in Table 2. Quality 
assessment is crucial in systematic reviews to ensure the validity of the results and reduce 
bias that may be caused due to the inclusion of less robust studies (Yang et al., 2021). The 
quality assessment also provides more detailed inclusion and exclusion criteria (Kitchenham 
& Charters, 2007). The elements essential to the data extraction and coding phases were 
considered, such as relevance to the research, clear identification of the research aims and 
validity of the results. Furthermore, the source's credibility was considered and evaluated 
using the ranking of the journal/conference and the number of citations of the study. These 
criteria were informed by principles of good practice for conducting empirical research in 
software engineering (Kitchenham et al., 2002).

TA B L E  2  Quality assessment checklist.

No. of question Question

Q1 Is the study relevant to the review?

Q2 Are the research aims and contributions identified?

Q3 Is the problem statement clear and does it integrate issues related to the review?

Q4 Is the experimental or action research set- up adequately described, and does it 
at least consider participants' learning performance and/or perceptions?

Q5 Are the methods/techniques clearly explained and analysed?

Q6 Are the results compared to previous studies/baseline on education and ICT?

Q7 Are sufficient data used for the evaluation of the empathic PCA?

Q8 Is the proposed empathic PCA evaluated using established criteria?

Q9 Is the conclusion explained clearly and linked to the purpose of the study?

Q10 Is the source of the article credible (published in a ranked venue)?

Q11 Has the article been cited in other publications?

TA B L E  1  Inclusion and exclusion criteria.

Inclusion criteria Exclusion criteria

Must be an empirical study (quantitative, 
qualitative or mixed) on the conversational 
agents: it must mention the conversational 
agent's design, implementation and 
evaluation (all are mandatory)

Study on a conversational agent is nonempirical or uses 
the Wizard of Oz technique: it does not mention the 
conversational agent's design, implementation and 
evaluation

Must cover the practical application of a 
conversational agent in the teaching and 
learning process

The study does not consider the practical application of 
a conversational agent in the teaching and learning 
process

Must involve the conversational agent's empathic 
abilities in its design

The study does not consider the conversational agent's 
empathic abilities in its design

Must be a peer- reviewed conference paper or 
journal article

Book, book chapter, review, dissertation, article in 
press, abstract, poster or annotated bibliography

Must be the most recent paper on the subject A previous paper presenting a conversational agent 
which is covered in a later article
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Information sources

Various information sources were considered for the retrieval of relevant publications, 
ranging from general technology to enhanced learning topics. Accordingly, the research 
utilized the following nine digital databases: ACM Digital Library, IEEE Xplore, ProQuest, 
ScienceDirect, Scopus, SpringerLink, Taylor & Francis Online, Web of Science and Wiley 
Online Library.

Search

The articles were retrieved in November 2022. An extensive range of search strategies 
was used to retrieve the studies from the identified databases to raise the probability 
of identifying highly relevant studies. The logical operators ‘AND’ and ‘OR’ were used, 
combining the keywords identified in the planning process. Furthermore, the search 
was performed on the title, abstract and keywords to ensure that relevant studies were 
not left out. The following is the search query syntax used in all the identified data-
bases: (“chatbot” OR “intelligent tutoring system” OR “smart personal assistant” OR 
“conversational agent” OR “conversational interface” OR “virtual agent” OR “digital 
agent”) AND (“emotion” OR “emotional” OR “affective” OR “empathy” OR “empathic” 
OR “empathetic” OR “sentiment” OR “feeling”) AND (“education” OR “learning” OR 
“teaching”). Third, only articles published in English were included to eliminate the bias 
that may result from poor translation. The study period was determined to be from 1 
January 2018 to 31 October 2022, as the development of agents with the integration of 
AI techniques has emerged in recent years, making 5 years sufficient to view research 
trends on empathic PCAs.

Study selection

In this phase, the inclusion and exclusion criteria were applied to screen the retrieved ar-
ticles for eligibility following the PRISMA framework (Moher et al., 2009). This framework 
provides detailed guidelines and a structured approach to study selection. There were 
three steps in the study selection, and a pilot review was conducted to test the criteria 
and the protocol using a single database. First, records identified as duplicates through 
a computer supervised by a human were eliminated. Second, the inclusion and exclu-
sion criteria were applied to ensure that only relevant papers would be included (title and 
abstract) and to assess relevance and eligibility. The study used only one screener in the 
eligibility phase. Finally, a quality assessment of the remaining articles was performed 
after the inclusion and exclusion criteria. The quality assessment was performed using 
the assessment checklist using 0 and 1, where 1 represents that the criteria are met and 
0 represents not met. Only articles meeting at least 8 of the 11 criteria (ie, more than 70%) 
were included. One point was assigned to the paper having at least one citation to assess 
the number of citations. It should be noted that this quality assessment is a means of de-
termining whether the selected paper is relevant to the contribution of this study but does 
not attempt to criticize any of the studies and their findings. As for data management, the 
sources obtained from the database searches and the authors' decisions were stored in an 
XLSX file. In addition, the studies included in the SLR were stored in Mendeley Reference 
Manager.
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Data collection process

The method of data extraction from reports included in the SLR was in- depth reading. Some 
main details of the reports included were added to a matrix in the XLSX file, such as author(s), 
year, title, abstract, keywords, research questions, purpose, characteristics of the empathic 
PCA, methods, results, conclusions and research gaps. The next columns were according 
to the RQ. The words ‘not mentioned’ were recorded if the information was not found. The 
data items were design principles, set- ups for integrating students' previous knowledge, 
research approaches and variables for assessing the empathic PCA, and feedback types 
that impact learning outcomes. Two in- depth readings of the entire text were necessary to 
obtain and confirm data. Methods for assessing the risk of bias in individual studies were not 
used because the reports were evaluated by the quality assessment mentioned in Table 2.

Synthesis of results process

The methods of handling data and combining results of studies were a comparative 
analysis and synthesis of results recorded in the respective RQs' columns. No assess-
ment of the risk of bias that may affect the cumulative evidence was used. The reason 
was the two in- depth readings of the entire text, which avoids the decontextualization of 
information- selective reporting within studies. Furthermore, to select the final sample, 
the screener discussed the quality assessment of the reports with the other authors 
(expert panel), who are experts on the link between emotion and Computer- Supported 
Collaborative Learning.

RESULTS

This section presents the results obtained from the SLR. 1162 results were retrieved, with 
the highest number of studies coming from Scopus because it is generic and sources publi-
cations from all domains. The results of the search are presented in Table 3.

After retrieving the search results, a bibliometric analysis of the results was performed 
to analyse the research areas. Figure 1 shows the visualization of the terms in the results, 
constructed using VOSviewer (Van Eck & Waltman, 2023). The diagram presents the sig-
nificance of and interconnections between the frequently occurring terms extracted from 
the keywords search results. The size of the shape and the label associated with the term 

TA B L E  3  Search results.

Database
Search 
results

ACM Digital Library 37

IEEE Xplore 217

ProQuest 45

ScienceDirect 33

Scopus 429

SpringerLink 230

Taylor & Francis Online 1

Web of Science 165

Wiley Online Library 5
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determines its importance. The colour of the terms determines the clusters in the visual-
ization. Each cluster represents terms related to each other in that group, and the distance 
between the clusters represents the relatedness of the clusters.

The visualization of the terms in the extracted studies reveals several clusters. This 
shows that there are various dimensions of studies on empathic PCAs and current re-
search trends from ITSs, affective computing, AI, machine learning (ML) and mental 
health. The clusters are tightly overlapped, indicating that several aspects of the studies 
are interrelated. Considering only the clusters with highly weighted terms, four main clus-
ters can be seen in the visualization. The first and central cluster (purple) includes the 
following keywords: collaborative learning, education and mobile learning. This cluster 
shows that research is active in this area and related to empathic PCAs. The second 
cluster (blue) holds keywords such as empathy, ethics, human–computer interaction, in-
telligent virtual agent and virtual agent, meaning that the area of research in this cluster 
is AI. In the third cluster (red), the significant keywords are affect, depression, e- learning, 
embodied conversational agents (ECAs), emotion, human, interactive learning environ-
ment, learning and motivation, showing research relating more to ITSs. Finally, in the 
fourth, the significant keywords are Deep Learning, emotion recognition, NLP, Neural 
Networks and Sentiment Analysis, indicating that research in this cluster is about ML 
(aquamarine). Considering that there was a subsequent screening process, examining 
these clusters only provides a context of where the research finding is located for better 
analysis and discussion.

Figure 2 shows the number of studies identified, screened, assessed for eligibility and in-
cluded in the review, with reasons for exclusion. Most of the articles (n = 740) were excluded 
at this stage as they did not match the inclusion criteria. In some cases, a full- text review 
was necessary to check compliance with the inclusion and exclusion criteria. As discov-
ered in the network analysis of the search terms, most of the articles evaluated the agent's 

F I G U R E  1  Bibliometric analysis of search results. 
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empathic component without incorporating these abilities in its stage design. These articles 
were excluded as they did not contribute to the study. Finally, 13 studies were included in the 
SLR. Table 4 presents a detailed quality assessment of the articles included, showing that 
all included articles are of excellent quality. The expert panel also conducted this assess-
ment and agreed with the evaluation report and its results.

Study characteristics

Data analysis was conducted on all the relevant features identified in the planning phase. 
Metadata analysis includes a variety of data to answer the RQs. Five themes make up the 
main data corpus on empathic PCAs. These are design principles, set- ups for integrating 
the students' previous knowledge, research approaches, variables for assessing the em-
pathic PCA and feedback types that impact learning outcomes. Supplementary material 
(Table S1) shows the main characteristics of the studies.

F I G U R E  2  Flow of information in the systematic literature review phases.

1162 records identified through 

database searching

796 records after duplicates removed

56 articles applying inclusion and 

exclusion criteria (title and abstract)

740 records excluded for the following

reasons:

- Study on chatbot is non-empirical or 

uses the Wizard of Oz technique: it does 

not mention the conversational agent’s 

design, development, implementation, 

and evaluation (n=370)

- Study does not consider the practical 

application of a conversational agent in 

the teaching and learning process 

(n=221)

- Study does not consider the 

conversational agent’s empathic abilities 

in its design (n=51)

- Book, book chapter, review, 

dissertation, article in press, abstract, 

poster, or annotated bibliography (n=96)

13 studies included in quantitative 

synthesis

43 records excluded by quality 

assessment
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Synthesis of results

Corresponding to the report's number, 13 empathic PCAs were found. Supplementary mate-
rial (Table S2) shows an overview of each agent. Each one has a name, domain and empathic 
abilities. Moreover, each one corresponds to a type and was applied to an education level.

RQ1. Design principles

In the selected articles, it was possible to identify five sets of empathic PCA construction 
criteria (see Table 5). The authors presented their views on the design principles, including 
reliability, interpersonal communication, learning, experience, web- based application, rich 
media content, individual empathy feedback, theory- based learning, comparison with peers, 
inputting natural text and differentiated feedback, ontology elements, communication strate-
gies and dialogue moves. These design principles aim to provide education, support and 
feedback in an empathic manner. Despite some design principles being focused on specific 
learning tools, all share the same functionalities as empathic PCAs.

RQ2. Set- ups for integrating the students' previous knowledge

This SLR reveals a lack of clarity on empathic PCA set- ups that integrate the previous knowl-
edge of the students. Arguedas and Daradoumis (2021) provide some potential solutions by 

TA B L E  5  Empathic PCA design principles.

Study ID Empathic PCA design principles

S2 The authors discussed Communication Strategies such as simplification, asking for 
clarification and suggesting answer patterns. They also discussed the Affective 
Backchannel: encouraging, sympathetic and reassuring

S3 Three ontology elements are used in Intelligent Tutor for Object- Oriented 
Programming (TIPOO, by its acronym in Spanish), an ITS agent with the same 
capabilities as empathic PCA. TIPOO is based on a dialogue module, provides 
individual support with a friendly attitude and includes affectivity to improve student 
motivation

S4 Four design principles for empathic PCA: reliability, interpersonal communication, 
learning and experience. The chatbot was designed to be accessible through 
Mobily instant messaging using Telegram, with privacy features for the data 
shared. It also mimics interpersonal communication and provides specific learning 
content for the subject. The agent was designed to promote active learning, 
reflection, metacognition and communication through notifications, content and 
guidelines. The agent also has a human- like interaction, with affective interaction, 
greetings and empathy

S9 The authors discussed the conversation flow based on Gottman's Emotion Coaching 
and four dialogue moves: feedback, pumping, confirming and reflecting

S12 There are six design principles for the adaptive learning tools' designers. The 
chatbot's empathic abilities are cross- cutting in the design principles: the design 
should be based on a web- based application with a responsive user interface and 
an intuitive user experience, rich media content, an individual empathy feedback 
mechanism, a theory- based learning scenario, a comparison of empathy skills with 
peers, and a function for inputting natural text and giving differentiated feedback

Note: S2 and S9 present two sets of communication strategies and dialogue moves respectively, that have a similar function in 
the design of empathic PCA.

 14678535, 2024, 3, D
ow

nloaded from
 https://bera-journals.onlinelibrary.w

iley.com
/doi/10.1111/bjet.13413 by U

niversitätsbibliothek K
assel, W

iley O
nline L

ibrary on [03/04/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



898 |   ORTEGA- OCHOA et al.

focusing on students' previous work in virtual workspaces, such as wikis, blogs and forums. 
They use the Moodle environment to transmit dimensional and categorical emotional in-
formation to the Affective Pedagogical Tutor (APT), which provides cognitive and affective 
feedback. However, the authors do not consider the dialogue between the agent and the 
students as a source of information for future sessions. On the contrary, Wu et al. (2020) 
implemented a chatbot that saves the dialogue between the user and the bot (user's mes-
sage and chatbot response) in a database only for future improvement. Another approach of 
other authors is to administer a pretest to assess the student's competencies, then configure 
the agent for the entire group based on the results. However, the approach by Arguedas 
and Daradoumis (2021), Wu et al. (2020) and other authors does not consider the previous 
conversation with the agent to update its database on the learner. The research approaches 
are discussed in the following section.

RQ3. Research approaches

Empathic PCA has been the subject of a range of research studies, each using different 
research designs. Table 6 shows the research approaches used in the agents' implementa-
tion. Nine of the studies employ a quantitative research approach, while four utilize mixed 
research combining quantitative and qualitative approaches. Seven studies used a quasi- 
experimental research design because these are set up in predefined groups, either control 
or experimental group(s). The other uses an experimental design, except for the case of Wu 
et al. (2020), who does not express how the participants' recruitment process was carried 
out. All the studies have a posttest component, while only just over half (7 out of 13) have a 
pretest component. Control groups are present in eight of the studies, while five lack control 
groups. The number of experimental groups ranges from one to six, with most studies hav-
ing either a single experimental group (9 out of 13) or two experimental groups (2 out of 13). 
These findings highlight the diversity of approaches used in the research of empathic PCA, 
with a focus on both quantitative and mixed methods, and the use of pre and posttesting.

RQ4. Variables for assessing the empathic PCA

The authors place special emphasis on the learning outcomes when they evaluate the learn-
ing articulated by the empathic PCA. Based on the literature, learning outcomes are not only 
what students should know and be able to do at the end of a course or programme, but also 
how they perceive the learning process itself. These outcomes consist of two variables: 
learning performance and student perceptions. To determine these outcomes, data collec-
tion instruments are applied at the end of the implementation process and, in most cases, 
are compared to the students' initial state and/or the control group.

Learning performance
Several authors, including Kumar (2021), Long et al. (2019), Munshi et al. (2018) and Oker 
et al. (2020), use tests to evaluate learning performance in terms of content, procedures 
or attitudes. For example, Kumar (2021) assesses student project development using a 
test, and Long et al. (2019) use a test to evaluate the learning performance of research 
method knowledge articulated by their multiagents. Meanwhile, Munshi et al. (2018) and 
Oker et al. (2020) utilize tests to evaluate science domain concepts and understanding of 
causal relations and numeracy exercises respectively.
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Student perceptions
The authors have used various data collection techniques to assess student perceptions 
(see Table 7).

Other data sources: Conversational logs
The effectiveness of dialogic learning in determining the learning outcomes articulated by 
a chatbot was evaluated by Santos et al. (2020) using an observation checklist and by Liu 
et al. (2022) using deductive coding according to a story structure: characters, actions, con-
sequences and causal relationship. In the first case, the instrument applied to the conversa-
tion logs allowed them to assess the chatbot's ability to accurately detect emotions in the 
child's input and challenges in communication. In the second case, the deductive coding 
applied to the conversation logs allowed them to determine how students interacted with the 
chatbot and perceived social connection. In this regard, dialogic learning plays a crucial role 
in validating acquired learning and demonstrating retention of emotions in the conversation 
log.

The reports have considered two variables when assessing empathic PCA learning 
outcomes: learning performance and student perceptions (see Figure 3). Learning perfor-
mance is linked to the domain and objective of the agent, including content, procedures or 
attitudes. Student perceptions are complex and involve many dimensions. Figure 3 shows 
the dimensions to evaluate the student perceptions that were found in the SLR and are 
frequently mentioned, leaving the unpopular in ellipses. One of the most relevant is the af-
fective bond. Other similar dimensions between the studies are interaction enjoyment and 
confidence perception. This SLR highlights the importance of differentiating between in-
dividual and teamwork perceptions. Considering the previous section, both variables are 
evaluated using the quantitative approach, but only the student perceptions integrate the 
qualitative approach in mixed- method research.

RQ5. Feedback types that impact learning outcomes

To analyse the types of empathic PCA feedback that impact learning outcomes, the next 
section divides this into two variables: learning performance and student perceptions. The 
variables are influenced positively according to the feedback types and appear to be posi-
tively correlated (see Figure 3).

Learning performance
According to Kumar (2021), the design principles of a chatbot play a crucial role in determin-
ing its effectiveness in positively impacting learning performance. The design principles are 
mentioned in Table 5. Long et al. (2019) discussed the impact of Multiagent Intelligent Tutoring 
System feedback on student learning performance. The authors found that the agents' cognitive 
support positively impacts students with low rejection sensitivity in confusion regulation. On the 
other hand, the empathic support of the agents positively impacts students with high rejection 
sensitivity in confusion regulation. Munshi et al. (2018) discussed the impact of conversational 
agent feedback on student learning performance. The authors found that high- scoring students 
were delighted when the mentor agent provided hints, analysed their progress and praised their 
progress towards generating the correct map. Oker et al. (2020) discuss the impact of virtual 
tutor feedback on student learning performance. The authors found that students who experi-
mented with the bimodal condition had both longer reaction times representing engagement 
and more correct responses, whereas this was not the case in the unimodal condition.

Empathic PCAs can provide distinct types of feedback that positively impact student 
learning performance. These feedback types are configured in the design principles and 
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include cognitive and empathic, hints and bimodal feedback. Likewise, feedback on analysis 
and praise of student progress has a positive impact. In this regard, it is important to under-
stand the different types of empathic PCA feedback can provide and how to design them 
effectively.

Student perceptions
This section compares the different types of empathic agent feedback that positively influ-
ence student perceptions.

Arguedas and Daradoumis (2021) find that cognitive and affective feedback from the APT 
has a positive impact on student perceptions. Cognitive feedback involves encouraging stu-
dent proposals, informing students about the learning activity and arousing student interest 
in the topics. On the other hand, affective feedback involves fostering a creative environ-
ment, giving students confidence and motivating students to think that the lesson goals are 
achievable and to become more involved in the learning activities. Ayedoun et al. (2020) 
find that Communication Strategies (CS) and Affective Backchannel (AB) have a positive 
impact on student perceptions. The authors observed that learners with a lower willingness 
to communicate tend to prefer AB over CS, while their counterparts with higher willingness 
to communicate tend to favour CS over AB. CS includes simplification, asking for clarifica-
tion and suggesting an answer pattern, while AB includes encouraging, sympathetic and 
reassuring feedback.

Jimenez et al. (2018) find that affective dialogue, based on encouragement phrases, has 
a positive impact on the motivation of students with low academic performance, female stu-
dents and engineering students. The authors concluded that affective feedback significantly 
impacts motivation, particularly in these cases. Kumar (2021) finds that chatbot feedback 
does not significantly affect individual student perceptions. However, the author finds that 
the chatbot was positively received in teamwork perceptions due to its design for collabora-
tive learning. The chatbot design principles are mentioned in Table 5. Liu et al. (2022) find 
that chatbots with book- talk abilities and social affective cues have a positive impact on 
student perceptions. Chatbot's book talk is an interactive conversation or discussion about 
a book that takes place between a human reader and a chatbot. The chatbot's book- talk 

F I G U R E  3  Framework to evaluate the learning outcomes of empathic Pedagogical Conversational Agents. 
“+” = positive influence; “→” = direction of influence; “↔” = bidirectional influence; “‒” = include.

Learning Outcomes

Quantitative

Learning Performance

Student Perceptions

Content, procedures, 

or attitudes

+

Mixed

(i.e., quantitative

and qualitative)

Interaction 

enjoyment, 

confidence 

perception, affective 

bond …

Empathic PCA Feedback

+

+
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capabilities included an invitation, a storyline question, acknowledge, repeat, follow- up and 
expansion suggestions. The chatbot's empathic abilities included praise, asking for feelings, 
feeling sharing and recommendations.

Oker et al. (2020) find that students had positive perceptions when interacting with an em-
pathic agent that displayed coherent facial expressions. This result suggests that the use of 
nonverbal cues, such as facial expressions, can increase students' motivation and engage-
ment. On the other hand, Santos et al. (2020) suggest that positive student perceptions of 
chatbots are related to the design principles of conversation flow and dialogue moves. The 
design principles are mentioned in Table 5. Scholten et al. (2019) find that ECA characteris-
tics positively affect student perceptions of feedback and autonomy, including visibility and 
speech communication. The authors find that a visible agent positively affected feedback 
and autonomy, and that speech communication by the agent positively affected feedback, 
regardless of gender. The authors also find a gender effect, where male participants rated 
the visible agent higher than female participants and rated the nonvisible agent lower than 
female participants.

Terzidou et al. (2018) find that empathic PCA feedback that helps students control their 
heart rate in cases of high anxiety has a positive impact on their perceptions. This finding 
highlights the importance of agents providing support and guidance to students in stressful 
situations. Wambsganss et al. (2021) find that the design principles of chatbot feedback 
have a positive impact on student perceptions. The design principles are listed in Table 5. 
Wu et al. (2020) find that chatbot feedback that is relaxing, informative, entertaining and 
suited to the popular culture of K–12 students positively impacts student perceptions. This 
finding emphasizes the importance of considering the context and tone of feedback when 
designing agents.

Feedback types have a significant impact on student perceptions, and the design of em-
pathic PCA feedback must be well thought out and tailored to meet the specific needs of 
the learners. Whether through cognitive and affective feedback, scaffold design, chatbot's 
book talk and social affective cues, coherent facial expressions, ECA characteristics, sup-
port for students with significant levels of anxiety, or popular culture topics, empathic PCAs 
have the potential to enhance student learning outcomes by shaping positive student per-
ceptions. These findings highlight the importance of considering numerous factors when 
designing feedback types to positively impact student perceptions and enhance the learning 
experience.

DISCUSSION

This section presents a summary of evidence from the 13 empathic PCAs, limitations and 
conclusions. Some of the statements in this summary were also presented as conference 
proceeding (Ortega- Ochoa, 2023). It is structured in five points based on RQs.

First, five sets of design principles for empathic PCAs were found in the review (Ayedoun 
et al., 2020; Jimenez et al., 2018; Kumar, 2021; Santos et al., 2020; Wambsganss et al., 2021). 
Each has its particularities. Nevertheless, four elements are highlighted in the building of an 
empathic PCA. These are the transversality of empathic abilities (ie, the presence of this de-
sign principle in all agents), the promotion of dialogic learning (communication and learning), 
proficiency in the field of knowledge and personalized feedback according to the student's 
level. Furthermore, two reports mention that the reliability of the environment and user expe-
rience are also principles to consider in the design (Kumar, 2021; Wambsganss et al., 2021).

Second, some authors propose set- ups to integrate the student's previous knowledge in 
the interaction with the empathic PCA; for instance, dialogues in the Learning Management 
System (Arguedas & Daradoumis, 2021) or tests for the students. These are rich data 
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sources for ascertaining the students' state, but this is not the only one. Various authors 
mention the analysis of conversational logs at the end of the intervention (Wu et al., 2020). 
However, in the reports, there is a lack of automatic integration of the conversational logs 
as a data source for future interaction with the agent in the same session and experiment.

Third, the research design preferred by researchers is experimenting with empathic PCA 
implementation. In this case, the quantitative approach is predominant (see Table 6), al-
though four studies utilized mixed method designs for a comprehensive understanding of 
the effectiveness of the learning tool (Kumar, 2021; Liu et al., 2022; Santos et al., 2020; 
Wambsganss et al., 2021). These have chatbots as conversational agent types. This method 
of implementation makes its evaluation feasible, specifically, in the last part of the interven-
tion, owing to all reports having a posttest. Only seven have a pretest, making comparison 
with the student's initial state impossible in the other studies. However, four of them had a 
control group rather than a pretest as a resource.

Fourth, the authors consider two variables to evaluate the effectiveness of the learning 
articulated by the empathic PCA. Learning performance (1) refers to content, procedures 
or attitudes (Kumar, 2021; Long et al., 2019; Munshi et al., 2018; Oker et al., 2020). Tests 
are the preferred instrument for data collection. The content of the test will depend on the 
domain and objective relating to the empathic PCA. The quantitative approach is the only 
evaluation method applied. As for student perceptions, (2) many dimensions are consid-
ered. The affective bond dimension is evaluated by most reports. Other dimensions are 
interaction enjoyment (eg, Santos et al., 2020; Wambsganss et al., 2021; among others), 
confidence perception (eg, Ayedoun et al., 2020; Liu et al., 2022; among others) and so 
forth. If the chatbot was designed with empathic and teamwork skills, this dimension 
must also be evaluated (Kumar, 2021). The main instruments are questionnaires, surveys 
and interviews. The indicators are quantitative, although there are also open questions. 
Our results are broadly consistent with previous research such as the one presented by 
Fitrianie et al. (2019) on Intelligent Virtual Agents, where there is no reuse of instruments 
even in the evaluation of empathic PCA, while the trend towards the study of new dimen-
sions is maintained.

Fifth, the feedback types defined in the design principle play a relevant role in achieving 
positive results (Kumar, 2021) in both learning performance and student perceptions (Santos 
et al., 2020; Wambsganss et al., 2021). In general, these variables seem to be positively 
correlated (Kumar, 2021; Oker et al., 2020). On the one hand, cognitive and empathic (Long 
et al., 2019), hints (Munshi et al., 2018), and bimodal feedback (Oker et al., 2020) are nec-
essary for positive learning performance. Likewise, the analysis and praise of student prog-
ress have a positive impact (Munshi et al., 2018). On the other hand, cognitive (Arguedas 
& Daradoumis, 2021) and affective feedback (Arguedas & Daradoumis, 2021; Jimenez 
et al., 2018), scaffold design (Ayedoun et al., 2020), chatbot's book talk and social affec-
tive cues (Liu et al., 2022), coherent facial expressions (Oker et al., 2020), ECA character-
istics (Scholten et al., 2019), support for students with significant levels of anxiety (Terzidou 
et al., 2018) or popular culture topics (Wu et al., 2020) are necessary for positive student 
perceptions. Nevertheless, the particularities of each student, for instance, gender (Scholten 
et al., 2019), will influence the results. Overall, most of the feedback types share similar char-
acteristics, only some feedback types affect one variable more than the other. Figure 3 pres-
ents the resulting SLR framework for evaluating the learning outcomes of empathic PCA.

Limitations

This study has three main limitations and the research gaps are accordingly. First, the 
time range for literature selection was limited, which may not have been sufficient to 
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generate a framework that adequately assesses the learning outcomes articulated by the 
empathic PCA. While the study does consider the latest advances in the field, a more 
comprehensive SLR is needed to validate the theoretical results. Additionally, a practi-
cal evaluation is necessary to better understand the potential of these agents. Second, 
it is necessary to research the level of integration of the empathic field in the agents, 
for example, the exclusive identification of emotion or feedback considering the current 
emotional state of the learner. Regarding the latter, a framework is needed that provides 
feedback in view of the affective and cognitive state. Third, the lack of a detailed report on 
the development stage of the empathic PCA presented in this review was due to the vast 
diversity of constructions and the amplitude of the results. One of the key characteristics 
of this SLR is its consideration of all types of PCA that can integrate empathic abilities 
(chatbots and ITS agents). Future research could benefit from a more comprehensive 
and detailed investigation of the comparison of each agent's type mentioned above, spe-
cifically in its development stage.

Conclusions

This SLR described the empathic PCA's design, implementation and evaluation stages 
through the identification of 13 learning tools, which represent a relevant contribution to the 
technology- enhanced learning field.

We may draw some conclusions on the design and implementation stage of empathic 
PCAs. First, the design principles of most of these agents are the transversality of empathic 
abilities, the promotion of dialogic learning, proficiency in the field of knowledge and person-
alized feedback according to the student's level. Based on the results, the design principle 
of the transversality of empathic abilities should not be isolated, but cross- cutting among 
the other principles. In general, these design principles form the basis for defining feedback 
types. Second, there is a lack of clarity in integrating previous agent and learner conversa-
tions in a database to determine learning states and personalize responses during the same 
session. Finally, most agents' implementations have a quantitative approach. Here, detailed 
data must be added for a comprehensive evaluation.

As for the evaluation stage of the empathic PCA, two variables are evaluated to deter-
mine the learning outcomes articulated by the agents: learning performance and student 
perceptions. The results suggest that different feedback types have a positive impact on 
both variables, indicating a correlation between them. Therefore, the study proposes a pre-
liminary framework for evaluating the learning outcomes of empathic agents, which requires 
further theoretical research and practical validation to establish its validity. For instance, the 
framework and each theme can be compared with other SLRs that accomplish the same 
objective.

While some future directions for researchers have been outlined in the limitation section, 
it is relevant to address certain ethical considerations for both researchers and practitioners. 
In particular, the substantial collection of data, primarily from students, and its subsequent 
handling by the algorithm raise concerns about the ethical implications of agents operating 
beyond scheduled learning times. Questions arise regarding whether such practices align 
with the preferences and expectations of contemporary learners as a necessary pedagog-
ical strategy. Relevant research in this area is the work of Baker and Hawn (2022) and 
Kizilcec and Lee (2022). The former provides an overview of the sources of algorithmic bias 
along the machine learning pipeline in greater depth and the latter discusses techniques 
ranging from measurement to model learning to action in an algorithm system that can be 
adopted to improve algorithmic fairness in education. Additionally, there is a unanimous 
call in the literature for a design method to develop a more consolidated empathic PCA. 
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Various proposals advocate for the adoption of Responsible AI principles, such as the Value 
Sensitive Design—a well- established approach that systematically incorporates human val-
ues throughout the technology design process (Friedman & Hendry, 2019). These principles 
can be applied to enhance the empathic capabilities of PCAs. The timeline for realizing 
these advancements remains uncertain, but it is undeniable that AI will profoundly reshape 
multiple facets of life and society in the forthcoming decades.
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