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Abstract: A chatbot is a technological tool that can simulate a discussion between a human and a
program application. This technology has been developing rapidly over recent years, and its usage is
increasing rapidly in many sectors, especially in education. For this purpose, a systematic literature
review was conducted using the PRISMA (Preferred Reporting Items for Systematic Reviews and
Meta-Analyses) framework to analyze the developments and evolutions of this technology in the
educational sector during the last 5 years. More precisely, an analysis of the development methods,
practices and guidelines for the development of a conversational tutor are examined. The results of
this study aim to summarize the gathered knowledge to provide useful information to educators that
would like to develop a conversational assistant for their course and to developers that would like to
develop chatbot systems in the educational domain.

Keywords: chatbots; development guidelines; education; educational institution; educators; systematic
literature review; PRISMA framework

1. Introduction

A chatbot, or conversational agent (CA), is software that is programmed to simulate
human interaction via voice or text messages and, sometimes, both. This technology has
been used in many fields, including educational environments [1], in which the research
interest has been increasing steadily, especially in the last five years [2–6].

More specifically, conversational bots can be quite advantageous for educators when
being used in a classroom environment. First of all, they could take on teachers’ responsibil-
ities concerning tasks other than teaching, such as answering student’s Frequently Asked
Questions (FAQs) and handling academic material [2,3]. Additionally, another possible
function of CAs is that of an educators’ assessment tool, used in order to perceive how
well the objectives of courses are understood by the students and whether any progress is
made [3]. Even though a conversational assistant might be a valuable asset for a teacher, the
process of developing one could be difficult, especially for an educator lacking prior pro-
gramming knowledge. Researchers have previously implied that the current frameworks
ought to be improved so that the teachers’ use of this technology may be facilitated [3].
Moreover, tools and guidelines about the methods of creating a chatbot are necessary in
order for it to be easier for a professor to develop one on their own [7]. With a view to that,
this paper intends to systematically review the literature on the applications of educational
chatbots and propose frameworks, steps, tools and recommendations for designing educa-
tional chatbots, with the aim of providing guidelines and directions for both experienced
and inexperienced educators.

In order to fulfill this goal, the related articles from the last five years (2018–2023) will
be analyzed so as to synthesize a comprehensive review of the research in the field. More
precisely, this analysis aims to investigate the following research question:

What are the steps for designing an educational chatbot for contemporary education?
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The rest of the article is structured as follows. In Section 2, the related work on this
subject is analyzed, followed by a presentation of the methodology of the study in Section 3.
The results are presented in Section 4 and discussed in Section 5. The limitations of the
study are presented in Section 6, and the final conclusions and plans for future research are
presented in Section 7.

2. Related Work

The subject of educational chatbots (ECA) presents an increasing research interest,
with many different studies and reviews about various the aspects of this subject published.
In this work, six systematic literature reviews (SLRs) were found, each with a unique point
of view, summarized in Table 1.

Table 1. Summary of the found systematic reviews.

Reference Type Year
Number of Primary
Studies/Number of

Data Sources
Method Subject

[4] SLR 2021 29/1

Coding scheme
based on Chang
& Hwang (2019)
and Hsu et al.
(2012)

Learning domains of ECAs; Learning strategies used by ECAs;
Research design of studies in the field;
Analysis methods utilized in relevant studies;
Nationalities of authors and journals publishing relevant studies;
Productive authors in the field

[6] SLR 2023 36/3
Guidelines based
on Keele et al.
(2007)

Fields in which ECAs are used;
Platforms on which the ECAs operate on;
Roles that ECAs play when interacting with students;
Interaction styles that are supported by the ECAs;
Principles that are used to guide the design of ECAs;
Empirical evidence that exists to support the capability of using
ECAs as teaching assistants for students;
Challenges of applying and using ECAs in the classroom

[3] SLR 2021 53/6

Methods based
on Kitchenham
et al. (2007),
Wohlin et al.
(2012) and Aznoli
& Navimipour
(2017)

The most recent research status or profile for ECA applications in
the education domain;
The primary benefits of ECA applications in education;
The challenges faced in the implementation of an ECA system in
education;
The potential future areas of education that could benefit from
the use of ECAs

[2] SLR 2020 80/8 PRISMA
framework

The different types of educational and/or educational
environment chatbots currently in use;
The way ECAs affect student learning or service improvement;
The type of technology ECAs use and the learning result that is
obtained from each of them;
The cases in which a chatbot helps learning under conditions
similar to those of a human tutor;
The possibility of evaluating the quality of chatbots and the
techniques that exist for that

[7] SLR 2020 47 CAs/1 undefined Qualitative assessment of ECAs that operate on Meta Messenger

[5] SLR 2021 74/4 PRISMA
framework

The objectives for implementing chatbots in education;
The pedagogical roles of chatbots;
The application scenarios that have been used to mentor students;
The extent in which chatbots are adaptable to personal students’ needs;
The domains in which chatbots have been applied so far

In particular, Hwang and Chang [4] conducted a study to explore trends in the field of
ECAs. More specifically, they researched the educational domains where ECAs are used
and the teaching methods that are utilized to teach students. Furthermore, they analyzed
the 29 articles reviewed in order to present the design and the methods used for data
analysis in the corresponding studies. Finally, they recorded the nationalities of the first
author of each paper, the journals that these papers were published in and the productivity
rate of each author based on a specific scale.
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Kuhail et al. [6] analyzed 36 papers to explore the various fields relevant to ECAs.
Firstly, they researched the educational domains where ECAs are used and the kind of
platforms that are usually used to integrate them. Additionally, they explored the possible
roles that a tutoring chatbot can take on and the communication approaches they can
adopt when communicating with a student. Finally, they presented the important design
principles for an ECA and the challenges and problems that exist when ECAs are used in a
classroom environment, while also providing supporting arguments for using an ECA for
teaching students.

In a different research study, Okonkwo and Ade-Ibijola [3] presented the ways that
ECAs are used in the educational sector. Moreover, they analyzed the benefits of using
ECAs and the challenges of utilizing them in the teaching process. Last but not least, they
mention future educational fields where the use of ECAs could be beneficial.

Pérez et al. [2] used the PRISMA framework to study the field of ECAs. Firstly, they
describe the main categories of ECAs and the teaching environments they are used in.
Furthermore, the impact on students’ learning efficiency and the enhancing of teaching
when using chatbots is analyzed. Furthermore, the kinds of technologies that are used to
develop an ECA are recorded, while the impact of each one on students’ learning efficiency
is mentioned. Finally, they explore the circumstances under which an ECA could support
students as a human educator and describe the existent ways to assess the quality of
an ECA.

Smutny and Schreiberova [7] conducted a review to study ECAs that operated using
Facebook (now Meta) Messenger. In particular, they analyzed the functions of 47 chatbots
in order to assess the quality of different aspects of their teaching capabilities and figure
out their effectiveness as teaching assistants.

Last but not least, Wollny et al. [5] conducted an SLR to explore certain topics about
ECAs. Specifically, their educational targets and roles are analyzed. In addition, the
utilization scenarios where an ECA is used as a mentor to the students are assayed, while
the adaptability of ECAs to the students’ needs is examined. Finally, they analyze the
educational sectors in which ECAs have been used so far.

Even though many aspects of ECAs have been studied, no study has shifted its focus to
the production of a scaffolding plan in order to guide educators through the development
process of an ECA. With the aim of covering this gap, this paper tries to offer a general
overview of the steps required for developing an ECA in order to support educators, with
or without experience in this technology, to develop their own ECAs.

3. Methods

This paper aims to gather knowledge from the research that has been conducted
during the last five years in the field of ECAs in order to contribute to the advancement
of the field by providing detailed information on the current state and plans for future
research. Systematic reviews of the literature are a fundamental tool for presenting such
information, since they use a predefined and valid procedure and thus increase the scientific
value and integrity of the information given. The PRISMA framework is a valid and reliable
way to conduct a systematic literature review [8], and thus it was adopted in our work.
According to PRISMA, the collected documents have to be gathered using specific criteria
and a specific procedure, and then the results are assessed by discussing their contribution
and their limitations.

When it comes to this study, a search was conducted with a view to finding articles
that would provide the information needed for the review. The main database used for this
task was Scopus. Many articles were included using specific criteria, which will be further
analyzed in the next section.
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Last but not least, this work was accomplished in a number of steps. Firstly, a general
search was conducted in Scopus in order to find literature reviews related to the subject
and research question, and they were utilized for forming a comprehensive set of keywords
for the final search of the literature. After the final search query had been shaped, this was
used to find the relevant documents in Scopus. The final list of documents was formed
based on some inclusion and exclusion criteria. The details of this procedure are explained
in detail in this section.

3.1. Eligibility Criteria

This review intends to carry out an inclusive analysis of the recent studies in order
to answer one question. With a view to that, the screening process of the sources was
conducted using some inclusion and exclusion criteria. More precisely the main inclusive
factor was that the article was relevant to the general topic and could answer the research
question of the review. Initially, this was accomplished by checking the title and the abstract
of each article and excluding whatever was considered irrelevant to the subject. Then the
second phase of the evaluation of the articles was carried out based on the eligibility criteria,
presented in Table 2. For the inclusion factors, the document that was found should address
a chatbot application used in teaching a subject to students and contain information about
designing, integrating or evaluating it. On the other hand, there were two main reasons
for a paper to be excluded: Firstly, the chatbot application was designed for the training of
specific target groups but not students or learners at an educational institution. Secondly,
articles that focused too much on the results for the learners and did not describe the role
of the CA and how it contributed to the results were excluded.

Table 2. Inclusion and exclusion criteria.

Inclusion Criteria Exclusion Criteria

IC1: The examined chatbot application was used in teaching a
subject to students and contains information about designing,
integrating or evaluating it, as well as mentioning the tools or
environments used in order to achieve that.

EC1: The chatbot application was designed for the training of
specific target groups but not students or learners of an
educational institution

IC2: The publication year of the article is between 2018 and 2023

IC3: The document type is a journal article EC2: Articles that are focused too much on the results for the
learners and do not describe the role of the CA and how it
contributes to the resultsIC4: The retrieved article is written in English

The literature on the subject has been increasing remarkably, especially over the last
five years [2,6]. For this reason, it was decided that the sources gathered should be written
between the years 2018 and 2023. In addition, the documents retrieved were only articles
from academic journals, since articles are usually targeted at an issue more precisely than
books or conference papers. Furthermore, only articles written in the English language were
chosen for this review. Finally, since only Scopus was used for retrieving the documents,
there were only two duplicate papers, which were reviews that were found during the first
phase of the two-phase searching strategy, while some papers were excluded due to the
non-availability of their full text.

3.2. Information Sources

Aiming to synthesize a comprehensive review of knowledge, this study was solely
based on articles from scientific journal. Scopus was selected as the main database of the
search for the following reasons: it is a well-respected and trustworthy tool utilized in
research, including systematic literature reviews and it incorporates articles from a variety
of other respected publishers such as Elsevier, Emerald, IEEE, MDPI, Sage, Springer (in
alphabetical order) and many others, as can be seen in the reference list of this paper. The
first document search was carried out on 7 March 2023 in order to find relevant reviews,
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which would provide the keywords needed for shaping the search query. The final search
was conducted on 9 March 2023, resulting in the final list of documents.

3.3. Search Strategy

As described earlier, the search strategy of this review was executed in two phases.
The first phase aimed to define the keywords that would subsequently be utilized in the
search query. For this purpose, the general search query “Chatbots in education” was used
for finding relevant reviews written in English. This search resulted in four reviews [2–5].
Using backward searching, another review was found [7], as well as one paper [1]. The
keywords used in the aforementioned papers were recorded, and duplicates were removed.
Next, the keywords were organized into two categories, with the one of them referring
to education-related words and the other to chatbot-related words. More specifically, the
education related words found were: ”education”, ”educational”, ”learning”, “learner”,
”student”, ”teaching”, ”school”, ”university” and ”pedagogical”. On the other hand, the
words referring to Cas were: ”chatbot”, ”conversational agents”, ”conversational tutors”,
“bots”, “agents”, and “dialogue-systems”. From this aggregate of keywords, some were
excluded since they are involved more precisely in other words. For example “agents”
is better mentioned as “conversational agents”. In addition, this study aims to provide
information based on the last five years and using scientific articles written in the English
language. So, the final search query used in Scopus was:

“TITLE-ABS-KEY ((“education*” OR “learning” OR “student” OR “teaching” OR “school”
OR “university” OR “pedagogical”) AND (“chatbot” OR “conversational agents” OR “bots”
OR “dialogue-systems” OR “conversational tutor”)) AND PUBYEAR > 2017 AND (LIMIT-TO
(DOCTYPE, “ar”)) AND (LIMIT-TO (LANGUAGE, “English”))”. This search function led to a
list of 1597 articles, which were then sorted out following a selection process.

3.4. Selection Process and Data Collection Process

For the purpose of writing this review, the 1597 articles identified by applying the
aforementioned search query in Scopus were screened. The full list of articles was initially
extracted from Scopus and saved as an excel .csv file. In this file, all the information needed
for the examination of each article was recorded. More specifically its authors, title, abstract,
digital object identifier (DOI), date of publication and keywords were recorded in the file.
Then a two-step screening process began. In the first step, the relevance of each article
was examined based on its title and abstract. If the title was pertinent, then the abstract
was studied in order to determine whether the article should be included or not. The
second scan was that of the full text. During this process, it was determined whether each
document was relevant or not to the research by analyzing its full text. In this step, the
number of papers for which the full text was not available was also recorded. It should be
mentioned that the initial reviews found during the first search and the papers retrieved
from backward search were later added to this excel and were assessed using the same
method. The whole process is presented in Figure 1.

3.5. Data Items

The articles selected for this review were not limited to one domain. On the contrary,
in order to be as inclusive as possible, they were screened while ignoring their subject
area. This resulted in 1597 articles from different subject fields such as Computer Science,
Engineering, Social Sciences and others, as shown in Figure 2. The only limitation was
that the year they were written should be after 2017, which was necessary since the review
focuses on the latest developments of the field.
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4. Results

Developing an ECA is a complicated process and many factors can affect the final
result. In this section, 73 papers are analyzed in order to examine the current guidelines,
frameworks and necessary steps in order to implement an educational assistant or tutor.
The distribution of the papers over time is presented in Figure 3, showing a clear increase
in the interest on the topic.

Information 2023, 14, x FOR PEER REVIEW 7 of 31 
 

 

3.5. Data Items 
The articles selected for this review were not limited to one domain. On the contrary, 

in order to be as inclusive as possible, they were screened while ignoring their subject 
area. This resulted in 1597 articles from different subject fields such as Computer Science, 
Engineering, Social Sciences and others, as shown in Figure 2. The only limitation was that 
the year they were written should be after 2017, which was necessary since the review 
focuses on the latest developments of the field. 

 
Figure 2. Subject fields of the collected documents. 

4. Results 
Developing an ECA is a complicated process and many factors can affect the final 

result. In this section, 73 papers are analyzed in order to examine the current guidelines, 
frameworks and necessary steps in order to implement an educational assistant or tutor. 
The distribution of the papers over time is presented in Figure 3, showing a clear increase 
in the interest on the topic. 

 

Figure 3. Distribution of the 73 analyzed documents over time.

4.1. Educational Grade Levels

In this section, an analysis of the educational grade level that the collected papers
refer to is presented. The studies reviewed fall into three categories: the pre-university
grade level, also known as “K-12” (kindergarten through grade 12) education; higher
education; and the unspecified category. The “unspecified” category includes papers
where the students that used the ECA in the learning process were referred to generally as
“learners”, “participants” or “students” without revealing their educational grade level.
The same category includes papers that did not contain an experimental part, were focused
on technical suggestions and results and used technical methods to evaluate the ECA.
Lastly, the studies that provided general suggestions to be used for every grade level were
characterized as “unspecified”. Finally, 14 articles referred to an application of ECAs in K-12
education, 43 papers analyzed applications of ECAs in higher education and 16 documents
were classified as “unspecified”. These details are summarized in Table 3.

Table 3. Educational grade levels in which ECAs are used.

Educational Grade Level References

K-12 education (14) [9–22]

Tertiary education (43) [23–65]

Unspecified (16) [6,7,66–79]

4.2. What Are the Steps for Designing an Educational Chatbot for Contemporary Education?

In this subsection, various procedural approaches are examined in order to take a
detailed view of the procedure of constructing an ECA for supporting the teaching and
learning processes based on the steps that different researchers followed.

Kohnke [73] started by analyzing what the user needs by tracking down the most
commonly searched topics for the subject and communicating with educators and students
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to shape the material that is going to be used by the ECA and adjust its function. In the
following steps, he formed the final material, trained the ECA and tested it to reveal its
weak spots. Afterwards, he handed it to the teachers, and they used it in their teaching.
The final step of this process was the evaluation of the ECA. Rooein et al. [56] followed a
similar approach, with the development and installation of the ECA system being the first
steps, followed by the definition of learning items and the customization of the education
material and finishing with the usage of the agent in the learning process and its evaluation
in the end.

Chien and Yao [31] executed a three-phase strategy that consisted of the following:
shaping the learning material the ECA would utilize; training and testing the ECA; using
the ECA in the learning process and evaluating it. Similarly, Han et al. [38] also executed a
development plan with three phases. Initially, in the “Analysis phase”, they defined the
teaching goals and the educational material by searching for information relevant to the
course literacy and collecting information to define the students’ needs and the kind of the
teaching subjects the ECA should use. In the “Design phase”, they developed the ECA and
its functions, and in the final phase, they evaluated it.

Chen et al. [30] and Neo et al. [53] used a similar development process. Chen et al. [30]
initially gathered students’ needs and expectations about the function of the ECA and used
this data to design the ECA and shape the educational content that it would use. They also
defined a communication channel with the educator, so when the ECA could not respond,
it would direct students to reach a teacher. Finally, they developed the bot, motivated the
students to use it and evaluated it. The second group of researchers executed the same
process, with the difference being that they tried to enrich the teaching content by using
different forms, such as visual aids and oral descriptions, to provide it.

Topal et al. [21] used a slightly different method in order to align the function of the
ECA to the students’ curriculum. In the beginning, they conducted a literature search for
similar applications and defined the educational subject and the tools that were going to
be used to develop the ECA. In the next step, they studied the curriculum to modify the
goals and the function of the ECA accordingly. Then the educational content was enriched
in order to provide visual aids apart from text messages. Domain experts formed the
final aggregate of the questions and responses the chatbot would utilize. In the following
stage, the agent was carefully trained in order to improve its ability to respond correctly to
rephrased queries, and the communication channels where the ECA would be accessible
from were defined. The students were informed by the teachers on how to use the ECA,
and after the application phase, there was an evaluation phase. Using a similar approach,
Yang et al. [22] followed almost the same process with a slight difference in the formulation
of the teaching material and the learning tasks, which were based on the curriculum and
research for finding a suitable chatbot to use.

Vazquez-Cano et al. [60] applied a similar and slightly simpler process. To begin with,
they also conducted research to find similar applications that would be suitable for their
task. Then they defined the tools that would be used to develop the ECA and collected
students’ questions that were going to be used as questions to be answered or as quiz
questions to evaluate students’ progress. The final steps were the design, implementation
and evaluation of the chatbot. Chien et al. [10] applied a similar tactic, but during the
evaluation stage, the educator provided students with comments and feedback about their
performance. Furthermore, Mateos-Sanchez et al. [75] applied a method similar to the
above with slight differences. In the beginning, they tried to define the users’ needs and
technical necessities by doing research and conducting interviews. Following that, they
searched for platforms that were appropriate for the learning experience they intended
to provide and could also be accessible through a variety of communication channels.
After that, they made a prototype for testing, tested it and used the feedback to improve
it. They then adjusted the chatbot, used it in the learning process, reevaluated it and used
the data to further improve it. Bailey et al. [24] also focused on explaining to the students
how to use the conversational tutor and utilizing the evaluation feedback to improve it.
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Likewise, a similar strategy was applied that shifted the focus on the involvement of all the
necessary stakeholders in order to develop an educational tool that would be suitable for
the students and also useful for the educators [36]. Finally, Abdelghani et al. [9] executed a
similar strategy with a difference at the beginning, where they also searched for similar
applications in order to develop the ECA.

Sarosa et al. [19] implemented a six-stage approach. In the “Planning stage”, the
collection and shaping of the questions the ECA would use were conducted. During the
“Analysis stage”, they collected users’ needs relevant to the system. In the “Design stage”,
the design principles of the ECA were shaped based on the users’ needs, and the function
of the ECA was adapted to the function of the selected communications channel that the
ECA would be accessible from. Then a testing phase followed to evaluate the response
ability of the chatbot. Last but not least, the two last phases were the implementation of the
system and the evaluation.

Haristiani and Rifai [41] proposed a procedure framework called “ADDIE” (Analysis
Design Development Implementation Evaluation). At first, they analyzed the students’
needs to define the learning goals, techniques and material that are going to be used
(“Analysis stage”). In the “Design Stage”, the development tools were defined and an
application flowchart was produced based on the data collected in the first stage. In the
“Development stage”, the system of the application was developed and domain experts
were invited to test all aspects of the ECA. The final stages were the ECA’s implementation
in the learning process and its evaluation.

Ong et al. [54] focused more on the accessibility of the chatbot for the students. In
particular, after defining the learning process and material, they defined the communication
channels between the ECA and the student by selecting communication channels that the
students would be familiar with. Then they explained to the students how to use the agent,
and lastly, they evaluated it. Moreover, Yin et al. [65], Li et al. [48] and Yildiz Durak [64]
followed the same steps, with the deviation that the first utilized external material to enrich
the learning content by providing videos or images, and the rest kept learning analytics
that were going to be used to further improve the system in the future.

Schmitt et al. [79] shifted their attention to the design requirements and principles of
the system. They conducted a search of the literature to collect the usual design require-
ments of an ECA and also conducted student interviews to collect the user requirements.
Then they shaped the final design principles that were going to be used, defined the data
that the ECA was going to use in order to respond, launched the application and evaluated
it. Similarly, Wambsganss et al. [62] followed the same process with the subtle change
that the design principles were adapted to the principles of the university apart from the
users’ needs.

Memon et al. [76] proposed a framework in order to develop a multi-agent-based
educational tool. They started by collecting data for the training of the agents. Then they
constructed sets of pairs of questions and answers that the ECA would use and made
the database for the system. The following step was the definition of the communication
method between the chatbot and the training of the ECAs, followed by the testing and
evaluation phases.

Chuang et al. [12] developed a motivational ARCS (Attention Relevance Confidence
Satisfaction) model to construct their application. At first, they searched for material
compatible with the technology they used and tried to create an easy-to-make UI (User
Interface). Then they tried to match the teaching process with the current state (COVID-19
quarantine) and also adapt the function of the chatbot to the teaching process. When it
comes to the “Confidence” aspect of the model, they tried to make the learning activities
trigger students’ interest and provide them with an overview of their progress. Finally, the
evaluation stage was conducted.

Han et al. [40] applied a method that started with a literature search to find a suitable
methodology in order to plan their own. Then they collected users’ frequent questions, used
them to shape the educational material, developed the ECA, provided guidance to the students
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on how to use it and evaluated the application. On a similar path, Sáiz-Manzanares et al. [57]
developed a similar but simpler procedure. They began by researching the literature
to collect relevant information and used it to implement in the chatbot. Guidance and
directions were given to the students on how to use it, and the final phase was the evaluation
of the proposed educational tool. Lastly, Kharis et al. [72] and Mathew et al. [18] utilized
a slightly different approach. Both research groups added a testing stage, and the first
research team defined the educational purpose of the chatbot in the first stage.

Janati et al. [69] built an educational conversational assistant that utilized “speech-
to-text” transformation techniques. They started by searching the literature for relevant
information and formatted the database of the system by utilizing e-learning material such
as videos. They applied “speech-to-text” transformation techniques to the ECA so that
the agent can transform the educational material into text that could be processed easier.
Finally, they developed, applied and evaluated the chatbot.

Chiu et al. [11] preferred to start by examining ready-to-use ECAs in order to find a
suitable one to use in the relevant learning process. After that, they made an educational
plan for the teaching process, provided directions to the students on how to use the
selected chatbot and evaluated it. Similarly, Belda-Medina and Calvo-Ferrer [26] started by
designing the teaching material and selecting the appropriate ECAs to be used in a learning
process. In the last step, they evaluated the usage of the ECA.

Schmulian and Coetzee [58] focused on the utilization of a specific learning method.
More precisely, they examined many learning theories and chose the one that was more
suitable for their approach. In the next step, they defined the tools that were going to
be used to develop the ECA and structured the material for the database of the agent.
These steps were followed by the development and implementation of the chatbot. The
last steps were the provision of guidance to the students on how to use the ECA and its
evaluation. Additionally, Bagramova et al. [25] also started by searching the academic
scientific literature, with the aim of finding theories relevant to the development of an ECA.
The results were used to shape the methodology and the selection of the development tools.
Next, they shaped the educational matter and tasks, implemented the ECA and evaluated
its usage in the learning process.

Another approach was proposed by Essel et al. [34] and Jasin et al. [46], where the first
step was to define the tools that were going to be used for the proposed ECA, followed by
a stage of gathering students’ questions to construct the database. The last three steps were
the definition of the communication channels, the development and implementation of
the ECA and its evaluation. Li et al. [49] began the process in a similar way by searching
for suitable tools and frameworks that would be used to build the agent. After that,
they shaped the learning matter and structured the database of the system. Finally, they
developed the chatbot and evaluated it.

Neo [52] followed a process that focused on the educational material, which was
provided by the chatbot. To begin with, she defined the educational content the agent
would utilize and redesigned it so that it could be provided in various forms apart from
text messages. Furthermore, she designed a conversational flow as a prototype for the
interaction between the student and the system before implementing it. The last step was
the evaluation of the system.

Hew et al. [42] developed a system that consisted of two agents. The main stages of
the process were the definition of the processing mechanisms for the first ECA and the
learning material for the second, along with the implementation, testing and evaluation
phases. The only difference was that for the second bot, communication strategies were
examined in order to find a suitable one.

Hsu and Huang [44] constructed an ECA prototype that could be used in education and
were focused on the technical aspects of the system. They started by collecting material that
would be used for the response generation and processed it to shape pairs of answers and
questions. The next steps were the development and implementation of the chatbot, followed
by an evaluation of the prototype in comparison with another conversational agent.
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Chaiprasurt et al. [29] used a two-phase process. “Phase 1” was relevant to the
development of the ECA and consisted of the definition of students’ personas and the
purpose of the ECA, the construction of the processing mechanisms and conversational
standards of the system and the creation of the database. “Trial run”, which was the second
phase, was about the usage of the ECA in the classroom and the evaluation of its efficiency.

González-Castro et al. [38] describe the procedure they applied to develop an ECA
for the support of a Massive Open Online Course (MOOC). Firstly, they collected students’
possible questions and evaluated the complexity and the bias rate of these questions. Next,
they evaluated the students’ ability to answer questions so as to define which set of ques-
tions was going to be utilized by the conversational bot based on the learning competence
rate and the previous evaluation. Last but not least, they informed the educational instruc-
tors about the areas in which students needed support and modified the ECA so it could
provide the part of the educational material (videos) that is best adapted to their needs.
This was achieved by understanding the educational subject that a video covers, breaking
it into smaller parts, if possible, based on different educational concepts and modifying the
ECA and its architecture in order to provide the most suitable part of a video.

In order to summarize the aforementioned procedures and track the main phases
of developing an ECA, the underlying information is summarized in Figure 4 and in
the Sections 4.2.1–4.2.11. The phases are presented in the order that they are usually
implemented in the procedures described in the reviewed studies and synthesized in this
SLR. It is true that most of the phases included in the development cycle of an ECA are fairly
typical in software development in general, but the details pertaining to each phase in terms
of ECAs are analyzed in the sections that follow. In addition, it should be clarified that the
references are noted based on what the researchers did and recorded as a separate stage.
For example, every educational agent goes through a training phase, but the references
here are made based on the researchers that focused on this part and provided details
on it. Furthermore, the design, implementation, application in the learning process and
evaluation are common phases for every research and do not have a variety of steps, so
in the “References” column, instead of rewriting all the references, the phrase “Common
to all” is used. The same term is used if a step of a phase is included in every research.
Last but not least, while it is not clearly stated in most studies, the development cycle is
heavily based on the sequential software development model (or waterfall model), since
the ultimate goal is to develop a fully functional ECA in a limited period of time. However,
based on the evaluation results, the process might have to be repeated after utilizing the
ECA in the educational process, whether for a few months, a semester or even an academic
year, in order to improve its teaching capabilities. The kinds of development processes are
summarized in Table 4 for the studies that made a reference to the development process of
their model.

Table 4. Categories of the collected development processes.

Category References

Linear
(28) [12,18,19,21,22,29,30,34,36,38,39,42,46,52,57–60,62,64,65,68,71–73,75,78,79]

Iterative
(3) [9,41,63]
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4.2.1. Research

Research is usually the first stage of the development procedure of an ECA. As shown
in Table 5, it usually concerns information collection in order to choose development tools
and platforms and study previously used methods and theories in order to plan a new
development process.

Table 5. Synopsis of information collected in the research phase.

Kind of Information References

A suitable methodology to develop an ECA. [40]

Communication methods and strategies that are going to be used to form the function of the educational tutor. [42]

Design requirements to develop an ECA. [79]

Design principles to develop an ECA. [79]
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Table 5. Cont.

Kind of Information References

Empirical information by examining similar applications. [9,36,57,60]

Learning methods that are going to be used to form the function of the educational tutor. [58]

Mechanism prototypes that will be used to develop the educational agent. [69]

Ready-to-use chatbots for the learning process. [10,11,26]

Suitable environments and tools to develop an ECA. [12,21,49,60,75]

Technical requirements to develop an ECA. [44,75]

Theories relevant to the development of an ECA. [25]

4.2.2. Analysis

During the analysis phase, technical and user requirements are collected in order to be
used in later stages of the development process. The requirements analyzed during the
analysis phase are presented in Table 6.

Table 6. Synopsis of the analysis’ requirements.

Requirements References

Users’ needs and expectations. [19,30,36,39,41,62,73,75,79]

Technical requirements. [75]

Collection of students’ common questions and most searched
topics to be used in the educational material. [18,19,34,38,39,46,60,73]

4.2.3. Definition

Definition is the stage when peremptory decisions are made that will help in organiz-
ing and shaping the final form of the next phases. According to Table 7, these decisions can
be technical, such as defining development tools, or related to the teaching and learning
processes, such as defining the educational purpose of the agent.

The educational purpose of an ECA also defines its usage role, and there are several
possibilities. Firstly, it can be used as a helper to evaluate the teaching process of a
course [62]. Another approach is that of the conversational tutor, who functions as a
student with low self-efficacy and asks the students for help [6,28]. More specifically,
Černý [28] proposed the approach of an agent functioning as an interlocutor that had
forgotten everything and needed students’ help to remember things, and its purpose was
to develop the searching skills of a student. If the student could not answer a question,
they would be given a hint. In addition, González-González et al. [68] developed an ECA
integrated into a gamified learning environment with the aim of guiding students through
the learning process and keeping their focus on learning.

Table 7. Synopsis of the objects to be defined during the definition phase.

Objects to Be Defined References

An application flow to show the function of the ECA. [41]

Communication channels the ECA is going to be accessible from. Common to all

Education plan. [11]

Learning material and items the chatbot is going to use. Common to all

Learning methods and techniques that will be used to develop the agent. [25,41]

Learning objectives, tasks and goals. [39,41]
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Table 7. Cont.

Objects to Be Defined References

Student personas and conversational standards of the student–agent interaction. [29]

Teaching and learning processes. [12,54,64,65]

The conversational flow between the student and the chatbot. [52,76]

The design principles of the chatbot. [19,62,79]

The processing mechanisms of the chatbots that are going to be used. [29,42]

The purpose of the educational CA. [9,29,53,72]

Tools and environments or the ready solutions of already built CAs that are going to be used. Common to all

The most usual role an ECA can have is that of the self-evaluator or learning partner that
helps the students to learn the teaching material (please see the references in Table 8). Similarly,
Chiu et al. [11] implied three usage roles of an ECA. The first one was the use of an ECA as a
tool that collaborates with students in the learning process to increase their self-efficacy. The
second one was the learning agent as a tool for the teacher to support the learning progress
of the students out of the classroom, and the third was as a simple application that would
provide a simple learning interaction. Furthermore, Chuang et al. [12] also implemented an
ECA that helped students to study biology concepts using AR. Lippert et al. [74] suggested
a system that consisted of two or more agents that would be utilized to develop students’
collaboration skills. More specifically, they implied that this approach could be applied
also to “virtual learning environments” (VLEs), where the agents should act as a guide that
keeps students focused on the learning process. For another application, Nguyen et al. [77]
proposed the implementation of a conversational tutor that was used to teach the procedure
of solving a problem. To begin with, it categorized the problems and used the comments
of students that had already solved them in order to produce hints and propose the steps
of the solving process. In addition, in each step, it would provide the relevant knowledge
to the student. If they could not proceed, it would provide a solved example, and if the
student was still unable to solve the problem, the agent would explain the solution to them
step by step. Lastly, Suárez et al. [59] designed an educational tutor that would function
as a virtual patient in order to develop medical students’ diagnosis skills. It should also
be clarified that the ECAs in other research in this category had a specific role, and here
are simply presented some of them that were considered the most interesting based on the
personal interpretation of the authors.

The last three approaches concern the function of an ECA that can teach a lesson through
storytelling [24], an ECA that solely solves the questions of the students [11,19,37,37,46,53]
and an ECA as a tool that only provides educational material to the students [40,65]. More
precisely, González-Castro et al. [38] implemented a chatbot to support the provision of the
educational material wanted by the students of a MOOC, while Bailey et al. [24] designed a
story-telling conversational tutor that would assist the students in learning a foreign language.

Table 8. Usage roles of the examined chatbots.

Usage Roles of ECAs References

Course evaluator [62]

Learner taught by the student [6,28]

Learning guide in a gamification environment [68]

Self-Evaluator (learning partner/educational tutor) [9–13,17,20–22,29,30,33,45,52,55,57–59,64,65,74,75,77,79]

Storytelling conversational assistant [24]

Student assistant (provider of supportive educational material) [11,19,37,38,46,53]

Question solver [33,40]
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The various usage roles recorded in the literature are summarized in Table 8 and
Figure 5. These usage roles define the functionality that an ECA will support and should
be taken into consideration when designing and implementing it in the following steps.
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4.2.4. Shaping and Formulation

“Shaping and Formulation” refers to adapting the educational material that will be pro-
vided to the students through the ECA in order to respond to students’ learning needs (Table 9).

Table 9. Synopsis of the suggested steps for the Shaping and Formulation phase.

Proposed Steps References

Evaluating students’ questions to measure their complexity and bias rate. [38]

Shaping of the final learning material that is going to be used from the educational tutor. Common to all

4.2.5. Adaptation and Modifications

The “adaptation and modifications” phase refers to the changes in the planning of the
predicted functions of the chatbot in order to be aligned with specific prototypes, principles
and rules. In other words, it concludes the basic principles and rules that will shape the
design of the conversational tutor. The relevant suggested steps are presented in Table 10.
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Table 10. Synopsis of the suggested steps for the adaptations and modifications phase.

Proposed Steps References

Evaluating students’ competence in answering questions to modify the learning content accordingly. [38]

Enriching the educational material with various forms of the educational material apart from text messages. [21,52,53,65]

Studying the curriculum of the educational institute and adapting the design principles of the ECA to it. [21,22,62]

Studying the curriculum of the educational institute and modifying the function of the ECA to it. [21,22]

Adapting the function of the ECA to the teaching process. [12]

Getting domain experts’ opinions to modify the function and the learning material used by the ECA. [21,41]

4.2.6. Design Principles and Approaches

The design and the implementation are two parts of the development process of a
chatbot that are usually executed one after the other. They are relevant to applying previ-
ously collected data, methodologies, users’ needs and technical requirements combined
with specific hardware architecture with the purpose of constructing the functional part of
the ECA for the final application. In this part, propositions and suggestions for the design
phase are examined so as to ascertain the design principles used.

The first aggregate of design directions aims to customize the system of the ECA in
order to be adapted to the students’ needs. In other words, these guidelines aim to satisfy
students’ emotional and learning needs and their expectations for the system, to adapt the
used vocabulary to their linguistic capabilities and to utilize their curriculum to improve
its function.

To begin with, Schmitt et al. [79] indicated the importance of the functional adaptation
of an ECA to students’ emotional needs. Furthermore, the function of such an ECA should
be aligned with a student’s learning needs [6,19,23,33,68], their curriculum [21,22] and their
expectations [23,30]. In addition, the vocabulary of the ECA should be modified according
to the student’s expression style. Finally, the chatbot should be an educational tool suitable
for every student.

The second group of design propositions refers to the accessibility of the system. The
concept of accessibility refers to making the suggestions relevant to the adaptations so
that the system of the chatbot can be available for usage at any time, the ways that it
should be accessed and the modifications so the chatbot can be compatible with the selected
communication channels. More precisely, Sarosa et al. [19] modified their ECA’s function
to be aligned with the communication channel used. Furthermore, it was suggested that
an educational bot ought to be available through as many communication channels as
possible [17,26]. Lastly, an ECA ought to be available for interaction at any time and from
anywhere so that the possible technical requirements, such as a possibly needed internet
connection, are met [23,68].

Furthermore, an important design aspect of conversational tutors is their conversa-
tional traits. These directions refer to the ways that a teaching agent should be designed
in order to respond better to students’ queries, improve its conversational ability, help
students utilize it better and provide a more natural dialogue.

More specifically, an ECA should be able to understand the variations of input phrases
with the same meaning [19,55,59] in text and oral form. When it comes to user interaction,
the ECA should address students using their username [46,52] and utilize previous con-
versations to provide a personalized communication [17,26,33,37,79]. Moreover, it should
encourage students to persevere [12,17,27,29,45,68,74] and be able to handle small talk
for casual topics [6,23,46,62], extend the discussion to collect information when it cannot
figure out the users’ intentions [17,28] and provide alternative discussion flows so the user
can define the conversational flow when it cannot understand them [31]. In addition, it
should inform the users of its operational limitations [40] and redirect them to an educator’s
communication channel when it cannot answer a question [46].
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When it comes to the generated responses of the ECA, they should be grammatically
correct [28], quick [20,46] and easy to understand [17]. Additionally, they should be
enriched with human-like conversational characteristics, such as emoticons [27–29,46,62]
and humor, which should be used wisely [26].

Finally, when it comes to the user interface of the discussion, the usage of button-
formed discussion topic suggestions and buttons to start or restart the conversation is
suggested [17].

Another important aspect of the design is the way that the conversational tutor delivers the
educational material to the students. To start with, the ECA should try to rephrase and explain the
educational material in various ways, like an educator does in classroom [27,52,74], while utilizing
various media such as images and videos [12,17,26,29,52,53,64,65,68] and oral narration [52]. In
further detail, an educational chatbot could try to predict different subjects that students did
not comprehend in order to provide suitable educational material [46] and relevant external
learning sources to help students learn on their own when it cannot respond to a question [33].
Similarly, the ECA could show the educational material divided into small segments with specific
content adapted to the student’s needs and pace [28,38,52] and provide navigation capabilities
between them with buttons [52]. Lastly, an ECA should provide self-evaluation material, such
as quizzes and tests [9–13,17,21,22,28–30,33,45,52,55,56,58,59,64,65,74,75,77,79], adapted to the
students’ needs [13].

Other researchers indicated that an education al dialogue bot should provide usage instruc-
tions through its functional environment [58,79]. In particular, the chatbot of Schmitt et al. [79]
included a button that would provide instructions for use if the students pressed it, while
Schmulian and Coetzee [58] designed their ECA to provide information about its function
and usage whenever the students needed it.

A different group of suggested design principles are relevant to the learning experience
that the students receive by interacting with the educational conversational assistant. More
precisely, it is suggested that the learning chatbot should be able to provide a personalized
learning experience [68] and also evaluate students and offer to them feedback about their
learning performance in order to increase their satisfaction and support them in improving
their learning efficiency [12,13,20,27,45]. Furthermore, the integration of external technolo-
gies such as Augmented Reality (AR) [12] and the usage of gamification elements [68] are
suggested in order to provide a better user experience.

Another group of suggested design guidelines refer to the way the students can
handle and interact with the questions that the ECA generates. In further detail, the
addition of buttons was suggested so the students could avoid questions that they could
not answer, such as a “don’t know” button [20] or a “skip button” [28]. In addition,
Černý [28] suggested that an educational bot should provide hints to help students answer
the evaluation questions relevant to the educational material and reshow the wrongly
answered questions with button-formed answers so the students can answer them easier.
Finally, according to Cai et al. [27] an ECA should allow students to trace back to previously
answered exercises and definitions in order to revise them.

A very important and impactful aspect of the design of an ECA is the regulations
and rules that it should obey in order to be able to function, which are based on two
specific entities. The first entity is the user privacy, and thus the function of the ECA should
be aligned with the current ethics policies and rules for the protection of the data of the
user [17,26,28,46,62,68]. The second entity is the educational institution that the ECA is
operating in. This means that the function of the conversational tutor should be aligned
with the operational and educational policies of the educational organization in which it is
going to be used [62,79].

When it comes to students’ notifications, the ECA should notify students about impor-
tant events relevant to their courses [29]. For example, it could provide reminders about
final exam dates, the deadline for handing in an assignment or even provide news when a
lecture is cancelled or rescheduled [29].
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The learning activities provided by an educational chatbot are a vital median to
capture students’ interest and help them learn in a pleasant way. To achieve this, the
conversational tutor should provide challenging and interesting learning activities for
the students [6,12,23]. In addition, the design of the learning activities could utilize an
element of competition [10,68] or collaboration [68] in order to increase the students’ interest
in them.

In order to convert the educational chatbot into a tool that will support teachers in
the teaching process, Sarosa et al. [19] indicated that the function of an ECA could be
adapted to the teaching material defined by the educator so as to increase its teaching
efficiency. Additionally, the function of a teaching chatbot could be aligned with the
teaching style of the educator while also giving them the possibility to set learning goals
for their students [68].

Another set of design directions are about designing the tutoring approach of a
conversational tutor. Specifically, it is suggested to align its function to specific learning
theories [46,58] and specific learning purposes [9]. Moreover, in order to achieve a more
efficient tutoring experience, it has been suggested to align the function of the chatbot
with a specific motivational framework [12,29] design the ECA to function as a student
that can learn from the actual students [6] and utilize predefined learning paths to provide
a personalized conversational flow that will be better adapted to a student’s learning
needs [56]. Furthermore, the dialogue tutor will be more effective if it helps students
to utilize their previous knowledge and skills, with the purpose of learning the new
educational material [6]. Finally, it has been suggested that, like a human educator, a
conversational tutor should utilize learning motives such as a scoreboard with grades
in order to increase students’ engagement and willingness to participate in the learning
process [29].

Last but not least, there are two design suggestions regarding the design of an ECA
in terms of its processes and database. The first suggestion indicates that when designing
a conversational tutor, every possible stakeholder should be involved in the process,
including students, educators and designers, in order to achieve better final results [36].
The second design proposition was about the searching of the database of the dialogue
teacher in order to provide better responses, and it was implied that an ECA should be
able to search an aggregate of documents and provide a brief response. That aggregate
should also be expanded as much as possible, and the agent should be able to search it
effectively [33].

The design suggestions of the previous research are summarized in Table 11 and
Figure 6. These propositions are presented so as to be taken into consideration when
designing a conversational tutor and do not have to be used in order to implement an
educational chatbot.

Table 11. Design suggestions of the examined chatbots.

Design Direction Design Suggestion References

Adaption of the ECA’s function
to students’ needs

Adaptation of the ECA’s function to the emotional needs of
the students [79]

Alignment of the ECA’s function with students’ learning needs [6,19,23,33,68]

Adjustment of the ECA’s function to the curriculum of the students [21,22]

Modification of the ECA’s function to match user expectations [23,30]

Definition of the ECA’s vocabulary and expression style to be suitable
with the students’ linguistic capabilities [28]

Construction of the ECA in order to be an inclusive educational tool
(suitable for every learner) [75]
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Table 11. Cont.

Design Direction Design Suggestion References

Accessibility

Alignment of the ECA’s function with the selected
communication channels [19]

The ECA should be accessible from various communication channels [17,26]

Guaranteed chatbot availability regardless of the external conditions [23,68]

Conversational traits

Equipment of the ECA with many variations for phrases with the
same meaning [19,55,59]

Acceptance of oral messages as input [17,75]

The ECA should address students by their name to provide
personalized conversations [46,52]

Avoidance of spelling errors [28]

Capability to discuss wide range for discussion topics including
casual, non-educational subjects [6,23,46,62]

The ECA should collect more information when the user cannot be
understood by discussing with them to identify their intent [17,28]

The ECA should let the user define the conversational flow when the
CA cannot respond [31]

Provision of messages about the limitation of the ECA when it
cannot respond [40]

Provision of motivational comments and rewarding messages to
students [12,17,27,29,45,68,74]

The ECA should produce quick responses [20,46]

Redirection of students to an educator’s communication channel
when the ECA cannot respond [46]

Wise usage of humor in the user interaction [26]

Usage of easy-to-understand language in the response [17]

Utilization of human-like conversational characteristics such as
emoticons, avatar representations and greeting messages [27–29,46,62]

Utilization of previous students’ responses to improve its
conversational ability and provide personalized communication [17,26,33,36,79]

Usage of button-formed topic suggestion for quicker interaction [17]

Usage of “start” and “restart” interaction buttons [17]

Design process general
suggestions

Engage every possible stakeholder of the development process to
gain better results [36]

Make the database of the system expendable [33]
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Table 11. Cont.

Design Direction Design Suggestion References

Handling of the educational
material

Explanation of the educational material from various perspectives [27,52,74]

The ECA should predict different subjects the students did not
comprehend and provide relevant supportive material [46]

Suggestion of external learning sources to students when it
cannot respond [33]

Proposition of learning topics similar to the current to help students
learn on their own [33]

The ECA should provide educational material in small segments
with specific content [28,38,52]

Provision of educational material in various forms apart from
text message

[12,17,26,29,52,53,64,
65,68]

Navigation buttons between the segments of the presented
educational material [52]

Oral narration to accompany the offered learning material [52]

Handling of quizzes, tests or self-evaluation material
[9–13,17,21,22,28–
30,33,45,52,55,56,58,59,
64,65,74,75,77,79]

Recommendation of suitable practice exercises to the students [13]

Instruction provision The ECA should provide usage instructions through the functional
environment of the ECA [58,79]

Provided learning experience

Integration of other technologies such as AR to provide better
user experience [12]

The ECA should provide feedback to students [12,13,20,27,45]

The ECA should provide personalized learning experience [68]

Use of gamification elements [68]

Question handling to and
control by the students

Addition of buttons so students can handle the questions they
cannot answer [20,28]

The ECA should allow students to trace back to previous exercises
and definitions [27]

Provision of hints to students when they cannot answer a question [28]

Use of button-formed reappearance of wrong questions so as to be
easier to answer [28]

Regulations for the function of
the system

Alignment of the ECA’s function with the ethics policies and rules for
the protection of the user data [17,26,28,46,62,68]

Adjustment of the ECA’s function to the policies of the educational
institution [62,79]

Students’ notifications The ECA should provide updates to students for important course
events such as deadlines [29]

Traits of the provided learning
activities

Provision of challenging and interesting student learning activities [6,12,23]

The ECA should provide collaborative learning activities [68]

Utilization of competitive learning activities [10,68]

Teacher support

Alignment of the ECA’s function with the form of the
teaching material [19]

Adjustment of the ECA’s function to the teaching style of the educator [68]

The ECA should provide goal-setting possibilities to the teachers [68]
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Table 11. Cont.

Design Direction Design Suggestion References

Tutoring approach

Alignment of the ECA’s function with specific learning theories [46,58]

Adjustment of the ECA’s function to specific motivational framework [12,29]

Alignment of the ECA’s function with the learning purpose [9]

Design of the ECA as a student that learns from the students [6]

The ECA should utilize predefined learning paths [56]

Usage of students’ previous knowledge and skills to help them learn
new information [6]

Utilization of learning motives such as students’ grades to increase
students’ engagement willingness [29]Information 2023, 14, x FOR PEER REVIEW 20 of 31 
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4.2.7. Implementation and Training of the ECA

When it comes to the implementation of an ECA, there are a lot of technical details to
be defined, such as the programming languages, frameworks, APIs and language models
underlying the modern conversational agents that will be used. Since the main purpose of
this work is to present a scaffolded plan as a guide through the development process of
an ECA, the implementation details are considered to be out of the context of the paper.
As a matter of fact, for this issue, a different search query and more technically oriented
literature would have to be reviewed.

After or as part of the implementation of an ECA, there is usually a training phase in
which the agent uses previously collected data in order to be able to respond to its users more
effectively. It is an essential step for building an efficient ECA. Here, the training methods
analyzed in the reviewed literature are presented. That does not mean that other papers that
did not mention anything about the training phase of their described ECA did not include one.
An overview of the noticed training methods is presented in Tables 12 and 13. As mentioned
for the implementation phase, devising a clear picture of the training phase would require
more technically oriented studies.

Table 12. Synopsis of the suggested steps for the training phase.

Proposed Steps References

Using previously collected or preconstructed material to train the chatbot [31,48]

Table 13. Overview of the training methods for an educational chatbot.

Training Method References

Datasets of the development platforms [70,75]

Existing corpora of data [48]

Educational material (predefined sets of questions that students have done or formed by domain
experts or educators) [18,21,31,34,44,49,59,76]

Machine learning techniques [27,63]

As it can be seen in Table 13, the training of a chatbot can be on based specific
questions that were collected from current students or students from previous years, or it
can be shaped by domain experts and educators. Furthermore, the training could also be
conducted on data that are provided by external sources, such as a corpora of data like
Wikipedia [48] or datasets that the platform or the tool that is used to implement the chatbot
is offering [40]. Last but not least, ECAs can be trained using machine learning techniques
with customized models [27] or models that are obtained from the utilized development
platform [63]. The training method or methods that are used are up to the developer, and
the more the ECA is trained, the better the quality of its generated response will be.

4.2.8. Testing of the ECA

Testing is usually implemented before the application is released, and it is about
the evaluation of the chatbot application and whether it can successfully respond to the
desired role. The testing results are usually used to improve the prototype of the chatbot so
that the next version will be more suitable for usage in the learning process. The testing
process could be conducted by evaluating the performance of the system from a functional
perspective or by letting a small sample of users use and evaluate it. It should be clarified
that the testing methods of research that mention details about this phase are recorded.
That does not mean that documents that did not mention anything about the existence of a
testing phase for the development did not include one. A summary of the examined testing
methods and procedural steps is presented in Tables 14 and 15.
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Table 14. Synopsis of the suggested steps for the testing phase.

Proposed Steps References

Trying a pilot application with a few students, teachers or domain
experts to evaluate the first function of the ECA. [9,18,19,31,36,41,42,72,73,75]
Applying modifications based on the testing results.

Table 15. Overview of the testing methods for an educational chatbot.

Testing Method References

Domain expert or educator testing [41,55]

Student testing [9,24,31,36,42,73,75]

Testing using performance metrics [19,76]

As shown in Table 14, the testing methods can vary. A chatbot can be tested based on
performance metrics such as the velocity and the accuracy of the generated responses of
the system. In addition, the ECA could be tested by interacting with possible end users or
developers and educators. The testing phase is also an important part of the procedure.
It might not define the whole process, but it provides some crucial information about the
function of the chatbot and can help reduce some functional flaws before it is used in the
learning process.

4.2.9. Guidance and Motivation Provision for the Adoption of the ECA from the Students

This phase takes place right before students start using the chatbot to assist them in
their learning process. Guidelines and instructions are given to the students on how to use
the chatbot and its functions (Table 16).

Table 16. Synopsis of the suggested steps for the guidance and motivation provision phase.

Proposed Steps References

Providing guidance to the students on how to use the chatbot. [10,11,22,24,40,54,57,58]

Motivating students to use the agent. [12,24,30]

4.2.10. Application in the Learning Process

This stage is common to all the examined studies and refers to the usage of the ECA in
the learning process to assist students. Teachers organize the teaching process and integrate
the chatbot as an educational and assistance tool [56]. This procedure is monitored, and
data are collected for the evaluation phase.

4.2.11. Evaluation of an ECA

The evaluation phase is the last phase of the development cycle of an ECA. In this
stage, the results of the agent in the learning process are evaluated based on the students’
performance. In addition, the efficiency of the function of the system can be evaluated
using different measures. The results of the evaluation are used to restart the development
cycle of the chatbot in order to produce a new and improved version. The evaluation
means, objectives and metrics that were used in the examined research are presented in
Tables 17–20.
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Table 17. Synopsis of the suggested steps for the evaluation phase.

Proposed Steps. References

Evaluating the chatbot based on system analytics and user evaluations.
common-to-all

Restarting the procedure from the design stage and using the evaluation data to improve the agent.

Table 18. Summary of the evaluation instruments for an educational chatbot.

Evaluation Instruments References

Interviews [13,14,16,21,29,34,42,45,46,51,73]

Learning and interaction analytics [9,13,15–17,20,24,25,32,33,39,42,43,48,58,60]

Questionnaires [10–15,17,19,22,23,26,28–33,35,36,39–43,45–55,57–59,62,64,65,67,72]

Student performance [16,27,29,34,43,61,67]

Technical performance metrics [18,44,60,62,69,70,76]

Table 19. Synopsis of the evaluation methods for an educational chatbot.

Evaluation Method References

Comparison of the current ECA with other ECAs [44,79]

Functional assessments by domain experts [39,49]

Student usage evaluation Common to all

Usability evaluation [19,32,42,49,53]

Workshops for users or stakeholders [31]

When it comes to the evaluation instruments of a conversational tutor, the most
commonly used ones are questionnaires; interviews with students, educators or domain
experts; students’ learning and interaction analytics; and the technical performance metrics
of the system. In addition, the impact of the agent can be evaluated based on the learning
progress of the students.

The evaluation of an ECA is conducted in order to assess the impact of the usage of
this technology and collect data that will be used to improve it. Except for the evaluation
of the learners, which is usual for every application of this technology in a classroom
environment, other methods or stakeholders can also participate in the evaluation of the
final version of a conversational tutor.

The metrics used for the evaluation of a conversational tutor also vary. They can be
separated based on their purpose and the aspect of their evaluation. In other words, there
are many metrics relevant to the user experience, learning motivation and satisfaction that
students receive when they use the ECA. In addition, there are also some metrics that
are related to the interaction between the student and the agent in order to evaluate how
effectively the chatbot can discuss and deliver the educational knowledge. Another set of
observed metrics is related to the support and scaffolding of the educational process by the
bot. Finally, there are some metrics that evaluate the technical suitability and performance
of the system.

Following these evaluation parameters, there were some researchers that made some
suggestions for the evaluation of a conversational tutor. More precisely, Mendez et al. [51]
indicated the importance of having a design plan to study the efficiency of an ECA and
define specific criteria. Another suggestion for the evaluation of the agent is to conduct the
evaluation using the initial implementation purpose and assess whether it is fulfilled [55].
Wan Hamzah et al. [63] made a model to exploit learning analytics better and thus evaluate
their chatbot more efficiently. This five-part model starts by gathering the evaluation data,
continues with the storage, cleaning and filtering of the data and ends with the analysis
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and the “action plan”, which is a plan for utilizing the collected data to improve the
conversational tutor. Finally, design advice was given by Wambsganss et al. [62] in order to
make the evaluation process more pleasant for the evaluators. Specifically, they suggested
the use of a progress bar in the evaluation form so the students can view their progress and
also the addition of a button that would give the students the ability to omit a question
they might not want to answer. These suggestions are summarized in Table 21.

Table 20. Overview of the evaluation metrics for an educational chatbot.

Evaluation Category Evaluation Metric References

Interaction metrics

Acceptance of chat messages [20]

Acceptance or indifference to the agent’s feedback [7,20]

Average duration of the interaction between the user and the ECA [24,42]

Capability of answering user questions and providing a pleasant interaction [7]

Capability of conducting a personalized conversation [7]

Capability of providing a human-like interaction and keeping a
conversation going [7]

Capability of understanding and responding to the user [7,9,19,32,53,62]

Capability of understanding different uses of the language [7]

Periodicity of chat messages [20]

Quality and accuracy of responses [18,76]

The average number of words in the messages written by the students [24]

The number of propositions that were utilized by the learners [33]

The total duration of students’ time spent interacting with the ECA [9,13,19]

The total number of buttons that were pressed by the learners [24]

The total number of propositions the ECA offered to the learners. [33]

The total number of users that utilized the ECA [33]

The total number of words that were produced by the ECA [24]

The total number of words written by the students [24]

The number of user inputs that were formed using natural language and were
understood by the chatbot [33]

Total number of interactions between the student and the ECA [24,33]

Total number of messages between the student and the ECA [42]

Support and
scaffolding of the
educational process

Capability of supporting the achievement of students’ learning goals and tasks [7,13,42]

Fulfillment of the initial purpose of the agent [55]

Rate of irrelevant (in an educational context) questions asked by the students [9]

Students’ rate of correct answers (to questions posed by the chatbot) [20]

The quality of the educational material suggestions made by the ECA [7,9,19,32,62]

Technical suitability
and performance

Compatibility with other software [19]

Maintenance needs [19]

User experience

Students’ self-efficacy and learning autonomy [64,79]

Students’ workload [9]

Usability [19,32,42,49,53]

User motivation [9,53]

User satisfaction [33,51,58,64]
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Table 21. Suggestions for the evaluation of an ECA.

Suggestion References

Evaluation based on the initial purpose of the ECA [55]

Utilization of specific evaluation plan [51,63]

Usage of progress bar and “skip buttons” in the evaluation form [62]

It is important to clarify that this evaluation information aims to provide some insight
on how an ECA can be evaluated. Their usage is not mandatory and of course they might
not be the only existent evaluation means, methods and metrics. In addition, as it was stated
in other stages too, these suggestions are based on the papers that made clear references to
the evaluation procedures they used, and this does not imply that the other studies did not
include evaluation tasks.

5. Discussion

This SLR analyzed the necessary steps in order to develop an ECA for the educational
process by examining different chatbot applications in contemporary education. More
specifically, the gathered knowledge originated mostly from ECA applications in tertiary
education and in a lower volume from the other educational grades. This information is
summarized in order to present directions and methods about the development procedure
of an ECA. The target here is to provide directions and guidelines for educators that might
not have the experience or knowledge but would like to develop a conversational tutor.

The observed and proposed process starts with a research phase in which information
that is relevant to the tools and methods that are going to be used is collected, accompanied
by an analysis of both the technological and students’ requirements. The next step is the
definition, in which everything that is going to be utilized to develop the ECA is finalized
and details relevant to the conduct of the learning process using the ECA, such as the
learning objectives, are defined. After that, it usually follows the shaping of the educational
material in order to fulfill the learning needs that were found during the analysis. The
next phase of the process is the adaptation and modification of the ECA, in which its
function is aligned with predefined prototypes, principles and rules that were specified in
the definition phase. This is followed by the design, implementation and training of the
ECA, where all the previous tools, methods and rules are utilized to create the software
of the chatbot. Before using the ECA in the classroom, it is also essential to test it in order
to diagnose the possible malfunctions or weaknesses of the chatbot. After getting testing
results and modifying the ECA accordingly, it is crucial to inform the students about the
way that the conversational assistant is going to be used, how it can help them, and also
provide a motive for them to use it and then utilize the conversational tutor in the teaching
process. Last but not least is the evaluation of the chatbot. This step is crucial in order to
review the results of the application. After the evaluation, the results are used to restart the
development circle of the chatbot in order to improve the ECA for future applications.

It should be clarified that the process that is described in this paper is indicative, which
means that the recorded steps and suggestions should be followed when designing an
ECA but not strictly, since every researcher is free to modify each step by selecting the
methods that they prefer. The proposed development procedures and plans do not come
into contrast with each other; rather, they describe different perspectives of the process
of making an ECA. It is considered that the more of these suggestions and steps can be
accomplished, the better the result of the final ECA will be. Although, it should not be
ignored that such a purpose demands time and resources, such as human effort, and,
consequently, this procedure should be customized to tailor the circumstances of each
interested educator. Finally, the purpose of this information is to be a scaffolded plan to
help an interested individual create an ECA and not an absolute mandatory series of steps
that someone has to follow, because otherwise the result could not be a success.
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Last but not least, it should be said that all the above results are subjected to certain
limitations, which are described in detail in the next subsection.

6. Limitations

This SLR was conducted based on some specific limitations that should be known
and taken into consideration when examining this study. To begin with, the selected
database was Scopus, and there were no other databases examined, which could lead to a
possible loss of studies. Furthermore, the search results included only journal articles that
were written in the English language. Additionally, this study examines papers that were
produced between the years 2018 and 2023, ignoring all the previous work that has been
carried out. This is because the target of the review was to analyze recent developments in
the field. In further detail, it should also be mentioned that 37 articles were not included
because their text was not available, and thus the information they could offer is also
lost. Finally, a possible limitation that could be mentioned is the usage of a general search
query in the search engine of the database instead of a customized search query that would
utilize every possible special term of the examined question and could possibly lead to
more targeted results. This was done because it was considered better to use a general,
comprehensive query that would lead to a superset of the targeted documents, and thus
the documents that should be included would be secured.

7. Conclusions and Further Research

This SLR aimed at examining the latest developments in the development cycle of
chatbots in the educational sector. More specifically, the aim was to examine aspects
that concern the steps that are necessary to complete this procedure. Moreover, previous
research indicated the need for guidelines so that educators can develop ECAs on their
own. In this context, this review tries to gather and summarize the available knowledge
from this research field so that an educator can have a sense of direction when they start to
develop such a tool. This work aimed to carry out a comprehensive analysis of the current
developments in the examined sector. More specifically, a 12-step process was constructed
in order to present the main steps of the development process of an ECA and offer guidance
through this process. Further research work could utilize the presented information for
actually creating an educational assistant and evaluating the proposed development cycle
and the underlying steps in practice.
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