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ABSTRACT: In the present study, we developed a chatbot that helps teachers to deliver writing instructions. By
working with the chatbot, the post-secondary writers developed a thesis statement for their argumentative essay
outlines, and the chatbot helped the writers to refine their peer review feedback. We conducted a preliminary analysis
of the effect of a chatbot on these writers’ writing achievement. We also collected several student testimonials about
their chatbot experiences. Several important pedagogical and research implications for chatbot-guided writing
instructions and the use of learning technology have been addressed.
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1. Introduction

Since the past decades, many educators have started to diversify instructions by adopting educational technology in
classrooms. Several intelligent tutoring systems (ITS) have been developed, and these ITS are often built upon
specific algorithms that offer learners individualized instructions or evaluate students learning products (Kerly, Hall,
& Bull, 2007; Ma, Adesope, Nesbit, & Liu, 2014; Rodriguez-Gil, Garcia-Zubia, Ordufia, Villar-Martinez, & Lépez-
De-lpifia, 2019; Vanlehn, 2006). However, Murray (1999) pointed out some limitations of ITS, including low
fidelity from student perspectives, limited instructional values, lack of student modelling, and limited interactivity.
To overcome these limitations, some studies recommend that if a chatbot is programmed on the supplementary side
of ITS, it may help to facilitate a real-time dialogue that supports thinking and learning processes. Nevertheless,
some research studies have not distinguished the differences between ITS and a chatbot (Kerly et al., 2007; Wang &
Petrina, 2013). Traditionally, an ITS often takes over an instructor’s role by presenting learning materials and
offering feedback to students (Song, Oh, & Rice, 2017). On the other hand, a chatbot is often a supplementary
conversational program that interacts with users synchronously, such as human-like conversations, question
answering, user support, or tutoring (Abbasi & Kazi, 2014; Clarizia, Colace, Lombardi, Pascale, & Santaniello,
2018; Kerly et al., 2007; Pereira & Diaz, 2018). Especially, Jain, Kumar, Kota, and Patel (2018) defined chatbots as
“text-based, turn-based, task-fulfilling programs, embedded within existing platforms” (p. 904).

In educational research, a chatbot has always been implemented with a specific instructional intention, such as
promoting class engagement (Kerly et al., 2007) or promoting critical thinking (Goda, Yamada, Matsukawa, Hata, &
Yasunami, 2014). For instance, teachers might use a chatbot to promote critical thinking. Goda et al. (2014) carried
out two case studies involving a total of 130 university students, divided into two groups, with each participating in
two successive class periods. One class period was experimental, where students conversed with an ELIZA-based
chatbot, and another class period was a comparison experience where students listed their thoughts and searched
relevant information on the Internet. The results from case study 2 revealed a positive impact of the chatbot on
students’ awareness of critical thinking and inquiring mindset.

Another specific instructional intention might be promoting language learners’ conversational skills. Studies in
applied linguistics have found that a chatbot might be developed to improve language learners’ conversational skills
(Fryer & Carpenter, 2006). Particularly, Fryer and Carpenter (2006) mentioned: “there is yet no chatbot designed
from the bottom up to meet the needs of FLL (foreign language learners) students” (p. 12). They have suggested how
a learner can freely engage conversations with a chatbot, review what has been talked about in a transcript format,
and self-analyze the transcription from the interaction. For teachers, a chatbot might also be useful because the
conversation, presented in a transcript format, records a student’s progression as well as their needs for future
learning. Furthermore, when learners are struggling with the learning materials, a chatbot can also offer just-in-time
guidance and solve basic problems for students immediately (Fryer & Carpenter, 2006; Pereira & Diaz, 2018).
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Upon careful examination of educational technology literature, we have realized that chatbot-guided writing
activities are relatively rare and scarce. Mainly, previous research has established a chatbot-led pre-discussion
activity to improve students’ critical thinking skills (Goda et al., 2014). In our study, a writing chatbot was
introduced as part of a university disciplinary writing class activity, acting as a supplementary activity to in-class
writing instructions. Acquiring writing skills is not a linear process, yet it is an interactive social process that requires
multiple, multichannel input and output between individuals and the chatbot itself. Theoretically speaking, building a
chatbot that assists writing instructions might fulfill novice writers’ needs to initiate a dialogue when help is needed
right away (Cazden, 1988; Edwards & Mercer, 2013).

The current study further advances Goda’s et al. study (2014) in a way that the chatbot can help students to generate
their thesis statement for an argumentative essay outline. Through working with the chatbot, students will be able to
evaluate their ideas for their thesis statements. Overall, the expected outcome of the chatbot is to assist students with
two major events in the writing process: drafting a thesis statement for the essay outline and learning to offer peer
feedback on the outlines. Data collected as a result of learners’ conversation with the chatbot point to the following
essential questions:

o When students work with a chatbot for their thesis statements and peer feedback, do these chatbot-led activities

enhance their writing achievement?
e How do students perceive the use of chatbot in a university classroom?

These two questions are crucial in understanding how a chatbot can supplement writing instructions, as instructors
are not always available when students need help (Song et al., 2017; Xu & Wang, 2006). Based on the social
constructivist theory of learning, a conversation is the key to learning (Kalina & Powell, 2009). If so, engaging
students in a chatbot-led conversation might support the writing and learning activities. We thus expect that
conversations initiated by the chatbot might support student writers in composing their thesis statements and peer
feedback.

2. Literature review
2.1. Design framework of Chatbot

The antecedent of a chatbot is ELIZA, a computerized system capable of parsing human’s natural language and
initiating conversations. Eliza parsed user input, identified key phrases from its backend template and selected
corresponding responses (Weizenbaum, 1996). Failure occurs when user input does not exist in its backend text
template (Fryer & Carpenter, 2006; Kirakowski, O’Donnell & Yiu, 2009). However, Eliza’s programmed scripts and
unnatural interaction are the primary design limitations (Goda et al., 2014). Subsequent chatbot research has
suggested some important design features, such as field-specific scope control, use of multimedia resources, and
fallback response (Jain et al., 2018).

2.1.1. Field specific scope control

A domain-specific chatbot is the most favourable type of chatbot because it minimizes the unrestricted creativity of
human language capacity (e.g., Jain et al., 2018; Luger & Sellen, 2016). Especially, Luger and Sellen (2016) have
found that a chatbot is better developed within limited scopes, functions and purposes so that users can better
facilitate effective interaction with the chatbot and have better ability to fulfill their purposes. For example, Ghose
and Barua (2013) developed an FAQ chatbot using AIML (Artificial Intelligence Markup Language). The purpose of
the chatbot was to serve as an undergraduate students’ advisor, and it was designed for assisting course and
admission information retrieval. The research also evaluated the conversation accuracy rate by investigating the
student-to-chatbot interaction logs. Results showed the students were more satisfied with the domain-specific
chatbot. Their results imply a domain-specific chatbot is more helpful than a chatbot that understands everything.
Moreover, a chatbot (Lucy) developed by Wang and Petrina (2013) failed to recognize student input accurately when
Lucy was programmed for multiple areas. To solve this issue, Lucy was redesigned and programmed with more
specific domains that only handle topics related to tourism. Taken together, designing a domain-specific chatbot
seems to increase the accuracy of chatbot’s response.

79



2.1.2. Use of multimedia resources

Combining text and multimedia facilitates the interaction between a chatbot and a user (Jain et al., 2018). A
combination of multimedia resources is effective in promoting engagement, especially if the chatbot has a text-to-
speech function in the field of education (Fryer & Carpenter, 2006). Furthermore, if a chatbot can begin the
conversation by playing a game with a user, then users might be more engaged and motivated to explore the chatbot
(Luger & Sellen, 2016). These findings imply that chatbot-guided instructions might consider integrating several
multimedia features for students to engage their attention.

2.1.3. Fallback response

Fallback response is a mechanism triggered when a user intent is out of space that may cause a conversation to fail.
Kerly et al. (2007) mentioned that a chatbot should deliver an effective conversation in preventing failure. Especially
in natural human language, expressions diverse for various purposes. Preventing conversational errors by directing
learners to the correct conversation path is critical. Therefore, fallback response should be explicitly addressed to re-
engage users into the conversation (Jain et al., 2018).

2.2. The Impact of Chatbot-guided instructions on achievement

Positive effects of chatbot have been reported in research, such as longer memory retention, enhanced critical
thinking skills, and improved language use and engagement (Abbasi & Kazi, 2014; Goda et al., 2014; Kerly et al.,
2007; Heller, Proctor, Mah, Jewell, & Cheung, 2005; Huang, Hew, & Gonda, 2019; Wang & Petrina, 2013). Abbasi
and Kazi (2014) measured the students’ learning outcomes and memory retention by comparing the use of a chatbot
and the Google search engine. The results showed that the students remembered the responses from the chatbot more
than the Google search engine, and they outperformed the students in the Google search engine group. Goda et al.
(2014) showed that English as a Foreign Language (EFL) students’ critical thinking skills were also enhanced after
working with the chatbot, and they were more engaged in learning. Similarly, Wang and Petrina (2013) suggested
chatbot is more beneficial to intermediate or lower levels of language learners, as chatbot can be designed to repeat
the same materials. These findings suggest that interaction with a chatbot serves great potential for students to
engage in the learning process.

Students are motivated when they have someone to talk to during instructions. Studies indicated that a chatbot made
the learning task more manageable, and the students were enjoyable by interacting with the chatbot (Heller et al.,
2005; Huang, Hew, & Gonda, 2019; Kerly et al., 2007). Furthermore, Huang et al. (2019) designed three chatbots
using IBM Watson Assistant (multiple-choice questions, case study, and dictionary FAQs chatbots) to assist with
graduate student learning. The design of the chatbots combined video lectures, online quizzes, and answering
questions. Although the majority of the students showed neutral and positive experiences with the chatbots, some
had negative experiences. Those students felt the chatbot did not speak like a human. Such a result was consistent
with Heller et al. (2005), and this indicated that the character of a chatbot is critical. They further noted that natural
language understanding (NLU) is a significant limitation of the chatbot because open-ended questions and
unstructured problems may confuse the chatbot. Consequently, Kerly et al. (2007) and Wang and Petrina (2013)
advised using student-produced data (i.e., dialogues) to refine the chatbot and to overcome NLU limitation.
However, their suggestion requires a large amount of student data.

Although a chatbot offers potentials for enhancing student learning, research attempting to implement a chatbot often
structures the chatbot with text-based, unnatural scripts. Most importantly, the effects of a chatbot on student writing
improvement are still underexplored, because many studies have focused on either language learning in general (Bii,
2013; Goda et al., 2014; Kerly et al., 2007; Wang & Petrina, 2013), or improving students’ thinking process (Abbasi
& Kazi, 2014; Heller et al., 2005; Huang et al., 2019).

From the technical perspective, based on the literature of the chatbot design (Jain et al., 2018), we grounded our
chatbot within Jain’s et al. chatbot design recommendations. Thus, we incorporated button clicking, quizzes, and
question answering functions and dog pictures to help students write a thesis statement and hope this design will
facilitate students’ positive learning experiences.
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From instructional perspectives, the chatbot was designed primarily for reinforcing process writing instructions
(Flower & Hayes, 1987; Graham & Sandmel, 2011). Generating a thesis statement is a key to successful
argumentative essays (De Rycker & Ponnudurai, 2011), whereas providing feedback to peers’ work might improve
the quality of a draft (Guardado & Shi, 2007; Rollinson, 2005). Furthermore, learning to write can be reinforced by
social interaction when novice writers begin to engage the conversational process with an agent, such as a chatbot
(Cazden, 1987; Kalina & Powell, 2009). Therefore, the instructional features of the chatbot used in the present study
mainly reinforce a small area in the writing process, such as helping students to generate a thesis statement.

2.3. Challenges of writing thesis statements

In student writing, there is always a mismatch between their thesis statements and the supporting claims (Cekiso,
Tshotsho, & Somniso, 2017; Miller & Pessoa, 2016), or sometimes their thesis statements are absent (Cekiso et al.,
2017; Owusu & Yeboah, 2014). For instance, when Miller and Pessoa (2016) investigate history students’
difficulties in writing thesis statements, their results indicate that the student thesis statements appear to be too
general, lack contextualization, or mismatch between thesis statements and the supporting claims. Similarly, Cekiso
et al. (2017) found that first-year foreign multilingual writers present similar coherence problems when they are
asked to produce thesis statements on a controversial current event. The coherence problems include an absence of
thesis statements, conclusions not related to the thesis statements, and confusing long sentences. Overall, the
challenges of writing thesis statements seem to have a strong influence regarding its presence, rhetorical function,
location, disciplinary writing practice or genre. Particularly, in writing general argumentative essays, students need
to be taught that thesis statements need to be contextualized and positioned right within the introductory paragraph.
Therefore, these point to a pedagogical need for a writing activity that has a strong focus on helping writers to come
up with thesis statements. If a chatbot can fulfill this need, we think the chatbot will play a strong supplementary role
in helping writers to develop a stronger thesis statement needed for their argumentation.

2.4. Peer review instruction

Peer review is an essential part of the writing process. Many writing instructors implement peer review as part of
their writing courses. The basis of using peer review in writing instructions has two important theoretical
components: process writing instructions and peer learning. In literature, peer review is part of the process writing
model approach developed in the 1980s (Flower & Hayes, 1981; Keh, 1990). In the process approach, writing is a
multi-staged, multi-drafted process in which students generate different versions of their work based on the feedback
they receive from their peers. If necessary, the entire process could be repeated until the draft is ready as a final
product.

Several studies indicate that peer review offers instructional benefits, such as reducing instructors’ grading load and
improving students’ writing practices (Cho & Schunn, 2007; Cho & MacArthur, 2010; Cho & Cho, 2011). For
instance, writing instructors adopt peer review for assessment purposes, and student writers use peer review as a
reference point to improve the quality of their writing. Moreover, several studies suggest that student view peer
feedback more positively than instructor feedback because peer feedback provides more extensive detailed views
than instructor feedback (Cheng, Liang, & Tsai, 2015; Cho & Cho, 2011; Cho & MacArthur, 2010; Cho & Schunn,
2007; Topping, Smith, Swanson, & Elliot, 2000). Research has also found peer review activity not only enhances
students’ critical thinking skills but also facilitates social interactions and course engagements among peers
(Kulkarni, Kotturi, Bernstein, & Klemmer, 2016). Taken together, these findings not only suggest that incorporating
peer review may help to cultivate students’ writing skills and reduce instructors’ teaching load but also point to a
need for educators to think of an innovative way to motivate writers in the peer review process.

3. Overview of the writing Chatbot DD

The learning design of the chatbot DD was based on Jain’s et al. (2018) design framework. We developed the
chatbot DD using Rasa (version: rasa_core 0.11.12, rasa_core_sdk: 0.11.5, rasa_nlu 0.13.7), an open-source
conversational Al framework (Bocklisch, Faulkner, Pawlowski, & Nichol, 2017). We chose Rasa because Rasa
emphasizes the needs of non-specialist software developers in the research field (Bocklisch et al., 2017). Figure 1
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shows the design of the chatbot DD. The Rasa core module processes dialogues within a domain (the universe where
the bot lives in). The Rasa core SDK module includes customizable actions (e.g., bridging the connection between
Rasa core and the database). The training data for the chatbot are stored in the Rasa NLU module. The chatbot is
then deployed on a web-based server using Chatroom API. The students can access the chatbot through a laptop,
cellphone, or tablet, as shown in Figure 2. Following Jain’s et al. (2018) suggestion when dealing with a failure
conversation, the student can follow the instruction if the conversation with the chatbot encounters an error, as

demonstrated in Figure 2.
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Figure 1. The framework of the chatbot DD

Hi, remember me? | worked with you for
your thesis statement. It's me DD!

If for some reasons | don't respond to you,
please follow this procedure.

« Step1: type 'restart’;

« Step2: hit enter;

» Step3: say 'hi' to me again. /n/n Click
Okay to continue.

& few seconds ago

| =l

Figure 2. A web-based chatbot interface
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The design of the chatbot DD was consulted with the course instructor and a former graduate-level teaching
assistant. The chatbot first greets students and asks the student’s identification (ID) number. This ID is stored in the
database for future referencing and data analysis. Three design principles are taken from Jain’s et al.
recommendations (2018): field-specificity, embedded multimedia resources, and fallback response.

There were several challenges when designing the chatbot. One of the major issues is the standability of NLU.
Similar phrasing, synonyms, or grammatical errors may confuse the chatbot (Clarizia et al., 2018; Huang et al., 2019;
Jain et al., 2018). For example, “I want to improve my thesis statement because my teacher found I made many
grammar mistakes and highlighted many errors in my essay. | don’t know what to do now.” Such a long sentence
from a student may cause parsing errors and confusion. Because when the student says, “I want to ...” and “I don’t
know what to do...”, the chatbot may not correctly parse the student’s sentence and understand whether the student
needs help (I want do...) or needs clarification given pre-existing knowledge (I don’t know what to do...).

Thus, to minimize the unpredictability of user input and confusion, we structured the chatbot DD by employing a
button-clicking function. The fallback response will be triggered when the chatbot DD is unable to recognize a
student’s typed sentences. The chatbot DD recommends the student follow a certain step to re-start the program, as
shown in Figure 2.

Moreover, we tried to structure the chatbot DD to speak the human-like natural language with the use of some dog
pictures, which would motivate student learning and facilitate their engagement (Fryer & Carpenter, 2006; Jain et al.,
2018). The scripts have been evaluated by three experienced graduate students, who have had post-secondary
teaching experience, to ensure the conversation is friendly and natural. Figure 3 shows how the chatbot explained the
course concept and the features of a thesis statement to the students. Figure 4 illustrates an example of student
interaction. The Yes/No judgement was the concept checking questions (CCQs) after the students received lessons
from the chatbot. Students can make their initial learning judgment, followed by confirmation of their judgement
from the chatbot (Huang et al., 2019). All the interactions with the chatbot are automatically saved in the Rasa
server.

Okay What do you mean by key factors?

a few seconds ago
Okay, | am ready to tell you about the key
factors.
An example teaching practice is

rewarding. such as giving tokens to
students, or allowing them to have a What do you mean by key factors?
longer break.

2 murutes ago

Imagine this

« An example teaching practice is
rewarding

« The theory relates to the teaching
practice is behaviorism.

e The key aspects of the behaviorism
theory could be positive

reinforcement or punishment

The theory relates to the teaching practice
is behaviorism.

a few seconds ago

Okay

Also, you need to think about how your

[ i

Figure 3. The chatbot DD explained the concepts of thesis statement to the students
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| got a thesis statement from the last

incorrect
semester.

3 minutes ago

'Rewarding students with tokens is
effective’

It is actually a good positive comment,
because it explains in more details where
and why the author did a good job
describing the paragraph 2, Let's try one
more.

3 minutes ago
Yes, it is contextualized.
No, it is not contextualized

Yes, it is contextualized. Okay

Do you think this thesis statement is
contextualized?

a minute ago

aminute ago 3 minutes ago

Woof! This is not a contextualized thesis You know what? | am so convinced here
statement. A contextualized thesis Good job’

statement includes specifics about the
teaching context. For example, teaching
K-2 students is different from teaching
high school students, teaching second 3 minses ago
language leamers is different from
teaching students who all grew up

speaking English, teaching students who ‘ Iincorrect

| =i ==

Figure 4. The chatbot tested student understanding with explanations

Is this a vague positive comment?

4. Methods
4.1. Participants

The participants were recruited from a large introductory educational psychology class (ED 100) offered in two
consecutive semesters (i.e., Fall 2018 and Spring 2019) at a western Canadian university. The course did not have
any prerequisites. The classes offered in two consecutive semesters were identically taught by the same instructor
using the same curriculum. At this university, writing was not taught as an independent skill set, yet writing was
integrated as part of a subject matter curriculum. A major flaw of this study was that no official measure of writing
proficiency was administered before the intervention. The course was elective; every student could enroll if they
intended to declare education as the major study subject. We ran an independent sample t-test on the midterm
examination, a measure before they turned in their essay outlines. There was no statistically detectable difference
between the two semesters. So, this implied that these students started at the same level of disciplinary concept
knowledge before they began the essay-outline assignment.

The course had two components. One was a two-hour lecture, where the instructor taught the curriculum to the
students, whereas the other was a one-hour tutorial class, where the teaching assistants led the class and answered
questions about the course content and assignment expectations. Since this was a large class, there were 11 tutorials
in which each tutorial had roughly 15~18 students. A teaching assistant was responsible for roughly 3~4 tutorials.
There were three teaching assistants for this class in total. A semester at this university was roughly 13-week long.
The students attend the two-hour lecture and one-hour tutorial each week.

The chatbot, which assisted their essay outline writing assignment, was introduced to the tutorial classes in week 6
and week 7 of Spring 2019. In week 6, the students were introduced the chatbot DD, which the chatbot DD will help
their generation of thesis statements. During the week 6 tutorial, the students interacted with the chatbot in a
computer lab room and came up with a thesis statement for their essay outline assignment. In week 7, the students
were expected to bring a draft of their essay outline assignment to the class. The teaching assistants and the
researchers led the peer review activity with the chatbot.
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There were 190 undergraduate students in the Fall of 2018, and 167 students in the Spring of 2019 class. As
mentioned above, in the Fall of 2018, the students were not introduced the chatbot (comparison group). In contrast,
in the Spring of 2019, the chatbot was introduced to each tutorial (treatment group). With their written consent, there
were 28 students (n = 28) from the spring cohort who agreed to fill out the questionnaire about their learning
experiences with the chatbot DD. In order to comply with the institutional research ethics obligations, we only
selected the students who have granted permission for us to analyze their questionnaire data.

4.2. Instruments

There were three instruments used in this study: the chatbot, an essay outline, and a questionnaire, respectively. First,
the chatbot was designed to assist students with improving their thesis statement for the essay outline assignment.
The essay outline was a graded component of the course determined by the instructor. The outline served as the
planning stage for the students to draft their ideas for the final argumentative essay assignment (Flower & Hayes,
1981). In our study, the essay outline was the measure of student writing achievement. The essay outline contained
several major rhetorical features of an argumentative essay, such as a thesis statement, topic sentences, evidence to
support the topic sentences, counterarguments, and a conclusion. Each student needed to identify a teaching practice
and argued for why the teaching practice of their choice can motivate students to learn, drawing on their course
knowledge from the motivational theories of Educational Psychology. Three teaching assistants graded the essay
outlines in the course. Before grading, the instructor calibrated the consistency of scoring by hosting a two-hour-long
meeting. During the calibration, the teaching assistants were introduced the marking rubric of the entire outline, and
then they were assigned one student essay outline for a grading attempt. The instructor repeated the process until the
teaching assistants achieved consistency. The grades of the essay outline were used as the quality measure for the
students in both experimental and comparison semesters. The marking rubric contained thesis statement (3 marks),
arguments (3 marks), and counterarguments, including a rebuttal (4 marks). So, the essay outline was worth 10
points of the course grade. The questionnaire (see Appendix A) was adopted from Schunn, Godley, and DeMartino
(2016), Topping et al. (2000), and Torrance, Thomas, and Robinson (1994). The questionnaire measured students’
experience with the writing chatbot. Yes/No questions were used to avoid ambiguity in the survey statements and
socially desirable responses (Mick, 1996).

4.3. Procedure

Each student in both experimental and comparison semesters was required to submit one essay outline as one of their
course assignments. Each student spent two weeks working on their essay outline assignment. The students in the
comparison semester wrote the essay outline without interacting with the chatbot. In the experimental semester of
weeks 6 and 7, the students interacted with the chatbot to learn to construct a thesis statement for their essay outline,
which was a major rhetorical feature of an essay outline. Each tutorial class was fifty minutes. During the first week
of the class, drawing discipline-specific examples from Educational Psychology, the chatbot DD introduced the
components of a thesis statement and guided the students to write a thesis statement for their essay outline. In the
second week of the class, the students reviewed another students’ outline by interacting with the chatbot DD. The
chatbot DD was programmed with the ability to guide the students in providing effective peer feedback for the
outline. The students then submitted their essays in week 13. At the end of the semester, the consent form was
distributed to the students in the experimental semester, and they had time to fill out a questionnaire regarding their
experiences with the chatbot DD until the semester ended. The questionnaire can be found in Appendix A.

4.4. Data analysis

Two types of data were collected. Qualitative data was the student responses to the open-ended questions of the
questionnaire (Q33, Q36, Q37, Q38, and Q39), whereas quantitative data were (1) the student grades from the essay
outline assignment and (2) the student responses to the yes/no questions of the questionnaire. Thus, data collected in
this study included the score of the essay outline and a questionnaire regarding the experience with the chatbot. In
this study, we used mixed methods to examine the data quantitatively and qualitatively. Studies showed that mixed
methods provide a holistic and valid view by exploring the in-depth and effects of an innovative tool (i.e., a chatbot)
from instructional and student perspectives in the field of educational technology (Creswell & Clark, 2017;
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Randolph, 2008). An effective approach to analyze students' open-ended questions is content analysis, as this method
uncovers and explores student data to generate inferences about their chatbot learning experience (Patton, 1990;
Weber, 1990; Yang, 2010). For the yes/no questions from the questionnaire, we presented descriptive statistics for
the student perception of the Chatbot DD. Furthermore, an independent sample t-test was used to examine the
difference in writing achievement between the two semesters.

5. Results
5.1. Comparison of the writing achievements between the comparison and experimental semesters

As mentioned in the section of Participants, the students of the two groups were at the same level of disciplinary
concept knowledge before they began the essay-outline assignment. Therefore, the outline scores were used to
evaluate the effects of the chatbot on students writing achievements.

190 students who were in the comparison semester without using the chatbot and 167 students were in the
experimental semester using the chatbot. An independent sample t-test was conducted. The outline scores in the
experimental semester (M = 7.27, SD = 2.52) were statistically better than the scores in the comparison semester (M
=7.18,SD =2.14,t=-0.38, p = 0.027").

5.2. Student perceptions towards the Chatbot DD

Table 1 summarizes the results of students’ experience with the chatbot DD. More than 80% of the students pointed
out the chatbot DD helped them to identify new issues, to improve how to give effective feedback, and to become
better reviewers. 78.6% of the students felt that interacting with the chatbot DD was enjoyable. 75% of the students

mentioned the chatbot DD enhanced their skills in evaluating a thesis statement.

Table 1. Student experience with the writing chatbot DD

Identified Improved Enjoyable Became Resolve Construct Helped me
issues peer review better confusions of precise evaluate my
during peer feedback reviewer instructions thesis thesis statement
review statement
Yes 85.71% 82.1% 78.6% 82.1% 64.3% 75.00% 75.00%
(24) (23) (22) (23) (18) (21) (21)
No 14.29% 17.9% 21.4% 17.9% 21.4% 25.00% 25.00%
(4) (5) (6) () (6) (7) (7)
N/A 0% (0) 0.0% (0) 0.0% (0) 0.0% (0) 14.3% (4) 0.0% (0) 0.0% (0)
Total 28 28 28 28 28 28 28

Note. The number within parentheses mean the numbers of students.

Notably, when asking the students in what specific the chatbot DD helped them in writing, seventeen of the students
(n =17) indicated the chatbot DD guided them to improve thesis statement, seven of the students (n = 7) pointed out
the chatbot DD enhanced their skills on giving feedback, one of the students (n = 1) felt s/he improved on both skills.
Three of the students (n = 3) noted the chatbot DD did not help them at all.

The students also suggested some improvements to the chatbot DD as shown in Table 2. Nine students (n = 9)
recommended the chatbot should respond faster. Seven students (n = 7) wanted the chatbot to provide more feedback
and examples on the topic they learn. Four students (n = 4) noted the explanation on a thesis statement and terms
definition could be simplified. Some students had negative opinions about the chatbot because sometimes the
response time was slow due to networking or NLU retrieval issues. Thus, they would instead seek help from the
teaching assistants or instructor.
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Table 2. Student responses to the open-ended questions from the questionnaire

Themes Findings
Favouring the Chatbot DD’s overall “Detail specific feedback is beneficial”
feedback and information “It was really informative ”
User-friendly interface “I have the flexibility to skip a lesson or choose a certain topic to
learn”

“It is easy to use”

“I can just click the buttons instead of typing the answers”

“It was interactive”

“It was like chatting with a dog”

“..talking to a dog made the activity more enjoyable and less
stressful”

Promoting learning “The questions DD asked and prompted made me be more critical
and reflective, and it benefits in a way being self-regulated”

“It gave me time to think and reflect on thesis statement and
arguments it helped me evaluate other arguments and create an
expectation for my paper”

Positive learning experience “Positive experience and greatly assisted in the writing of my thesis
statement and peer feedback”

“It was a relatively positive experience. | enjoyed working with the
bot and it helped me create a much better thesis statement.”

“I think it was a fun, interactive way to improve our writing. It was
something unique that | had never tried before which caught my
attention!”

6. Discussion
6.1. Do these chatbot-led writing activities enhance the students’ writing achievement?

The general outcome of the present study might indicate the potential of using a chatbot as the instructional
supplement to teach writing. This novel design of chatbot DD aims to supplement thesis-statement and peer-
feedback instructions in our study. To our best knowledge, there has not been literature yet specifically integrating a
chatbot in supporting writing instructions. However, there have been some active ITS systems that were developed to
teach writing, such as the Writing Pal Intelligent Tutoring System (Roscoe, Allen, Weston, Crossley, & McNamara,
2014) and iStart (McNamara, Levinstein, & Boonthum, 2004). These ITS have been found effective and useful in
teaching writing. Future research should carefully operationalize chatbot use in the context of ITS. It is because the
development of an educational writing chatbot still bears some difficult technical realities, such as limitations in
NLU, which students still cannot freely talk about their writing issues, and the chatbot cannot understand their
problems. The NLU limitation is the reason why our chatbot has a structured dialogue. Overall, our finding needs to
be interpreted with caution. First, no measure of a pre-test was administered, although the midterm examination
implied that the participants were at the same level of the disciplinary concept knowledge before the treatment.
Therefore, we reserve this conclusion for extended research. Second, the improved performance might be attributed
to the novelty effect (Fryer, Nakao, & Thompson, 2019) — the tendency of increased achievement results from the
initial introduction of an innovative technology in which users’ interest level is high. In our study, the chatbot was
introduced only for two weeks, so it was likely that the students felt very curious, and they showed a strong interest
in using the chatbot. Future research might consider observing whether performance still sustained if the chatbot was
introduced for a longer period.

6.2. How do students perceive the use of chatbot in a university classroom

When interacting with the chatbot, among those who responded to the questionnaire, 75% of them felt that DD
helped them write a precise thesis statement and evaluate the quality of the thesis statement. These findings add
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further support to the supplementary role of technology in writing instructions and the importance of conversation
when writers are learning to write (Bii, 2013; Kalina & Powell, 2009). Furthermore, consistent with previous
research reporting positive student experiences with a chatbot (Fryer & Carpenter, 2006; Goda et al., 2014; Kerly et
al., 2007; Luger & Sellen, 2016), we have found that approximately 79% of the students reported an enjoyable
experience with the chatbot. Our finding might suggest that integrating a chatbot with writing instruction might
improve student learning-to-write engagement.

Asking students to review their peers’ essays requires extensive instructional explanations (Cho & Schunn, 2007; Li,
Liu, & Steckelberg, 2010; Yang, 2011). In our study, 85% of the students reported the chatbot helped them identify
their writing issues; 82% of the students felt they become a better reviewer with improved peer feedback quality, and
64% of the students mentioned the chatbot helped them to resolve confusions of the peer review instructions.
Therefore, using a chatbot on the side of a peer review activity might solve instructional confusion and benefit
students in becoming better peer reviewers.

On the design and development side of the chatbot, it seems the students enjoyed learning with the chatbot because
the chatbot has multimedia features, such as using an animal dog picture, friendly language, and button clicking.
From the open-ended survey data, some students liked the button clicking feature as it made the chatbot user-
friendly. Furthermore, some students liked the chatbot was embodied by a dog picture, which made the overall
learning experience more entertaining. These findings are consistent with previous research in educational chatbot
design that directive, friendly language and the button clicking function are crucial in engaging student learning and
minimize the difficulties of learning tasks (Heller et al., 2005; Huang et al., 2019; Jain et al., 2018; Kerly et al.,
2007).

7. Conclusion and limitations

In conclusion, a writing chatbot was introduced as part of a disciplinary writing class. Although some positive
student testimonials and improved essay outline performance were reported, the present study has some limitations.
Particularly, the writing proficiency of the participating students was not well-controlled. In the present study,
administering a pre-test was not administered. Future research examining the effect of a chatbot on writing
achievement need to take students’ writing proficiency into account for analysis. Secondly, the improved
performance of the essay outline might be due to the novelty effect. Future researchers might extend the use of
chatbot over a longer period to see if performance and student interest levels still sustain (Fryer et al., 2019). Despite
several methodological concerns, we argue that chatbot has by far used as a supplement instead of a standalone ITS
because of its NLU constraint (Heller et al., 2005).

Also, we developed the chatbot based on the existing design framework, including external database storage,
conversation failure mechanism, images and quizzes combination, delivering effective and natural conversation, and
user-friendly interface. What advances the current research will be collecting and establishing a large-scale
repository of student writing issues and its solutions to develop a classification system that correctly identifies a
student’s learning dialogue (Huang et al., 2019; Jain et al., 2018; Wang & Petrina, 2013). Future chatbot designers
and researchers are recommended to overcome the limitation of NLU, so students can freely talk to a chatbot without
encountering conversational errors, or fallback.
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Appendix A. Questionnaire regarding student experience with the chatbot

Student ID:

Name:

Email:

Major:

Academic residency:

EAL:

In the past 6 months, which of these forms of writing have you engaged in? (Please select all that apply):
Plans and notes (taking notes in class)

Reports and assigned work (writing emails, cover letters for jobs)
Writing for publication (e.g., writing a book or blog posts)

Research term paper within a course (e.g., Literature review for PHIL 120; persuasive paper for FALx99)
High school essays or provincial exams (e.g., English 12 or equivalent)
. Other (please specify):

8. When you write, what strategies do you always adopt or use. (choose up to 3):
Brainstorming

Taking notes from research sources

Mindmapping

Ordering notes

Making an outline

Drafting

Revising

Sharing ideas with a friend and receiving feedback

. Other

hen you revise your paper, what are your goals? (choose up to 3)

Improving clarity

Improving style

Developing content

Correcting errors

Rearranging the text

Reducing length
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.
20.

22.
23.
24,
25.
26.
27.
28.
29.
30.
31.
32.
33.
34.
35.
36.

3r.
38.
39.

Generally speaking, at what point do you like to start writing?

Structuring my arguments for my term paper is relatively easy for me (Y/N)

I would describe myself as a poor writer (Y/N)

| find writing a thesis statement is difficult (Y/N)

1 worry a lot about whether the grammar and spelling is correct for my thesis statement (Y/N)

I worry that my difficulty with writing will jeopardize completing my essay (Y/N)

I am not good at coming up with a thesis statement (Y/N)

| gain a great deal of pleasure from writing (Y/N)

| find writing a frustrating process (Y/N)

I worry the clarity of my thesis statement will affect my paper grade (Y/N)

I find the process of writing highly stressful (Y/N)

I find writing a thesis statement pretty frustrating (Y/N)

I find the process of coming up with a thesis statement quite stressful (Y/N)

The easiest part of the writing process is producing a plan (Y/N)

Structuring my arguments to form a well-structured thesis statement is relatively easy for me (Y/N)
I find writing hard work (Y/N)

I worry a lot about whether my grammar and spelling are correct (Y/N)

Working with DD the Thesis Bot helped me construct my thesis statement more precisely (Y/N)
Working with DD helped me evaluate my own thesis statement (Y/N)

The bot DD helps me identify new issues with my peer's dialectical map (Y/N)

The bot DD helps improve my feedback for my peer's dialectical map (Y/N)

What specifically did DD help me? (Open-ended)

When | worked with DD, he helped me change the quality of my review (Y/N)

Tell me how did (or did not) your review change because you engaged with the bot (Open-ended)
Working with DD the Peer Review/Thesis Bot was enjoyable (Y/N)

Working with DD taught me how to be a better reviewer of my peer’s work (Y/N)

Did you find working with DD the Peer Review/Thesis Bot helped you resolve some confusions from the instructions?
If yes, what specifically was resolved? (Open-ended)

Describe the experience you have had in the peer-review/thesis chatbot (Open-ended)

What did you like about the DD chatbot? (Open-ended)

What suggestions would you provide to make the chatbot more effective? (Open-ended)
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