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Abstract. Many educators in higher education are using blended learning as an
important component of their academic programs. Of the many forms of blended
learning, the flipped learning approach, has attracted much attention from many
universities, where students learn course materials typically through online video
lectures before class so that they can do more active learning in the classroom.
Its actual implementation, however, is often beset with challenges, with student
disengagement in pre-class online activities being one major problem reported in
many previous flipped learning studies. Students who fail to complete the pre-class
tasks often have difficulty in performing the follow-up in-class discussions with
the instructors and peers. This study, which is part of a larger research project on
engaging student in flipped learning, explored the use of two types of chatbots
in flipped learning online sessions: Quiz Chatbot, and Self-Regulated Learning
Chatbot. We described in detail the implementations of the two chatbots, and eval-
uated the chatbots in terms of its perceived usefulness, and perceived ease of use.
We also examined the extent of student behavioral engagement with the chatbots.
Suggestions to improve the chatbots were discussed, along with recommendations
for future research.
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1 Introduction

1.1 Background

Flipped learning refers to a pedagogical approach that combines pre-class online learn-
ing with face-to-face (F2F) learning. Pre-class preparations may take various forms
including watching video lectures, taking short quizzes, and having discussions with
fellow students (Lo et al. 2017). During the face-to-face sessions, students are expected
to utilize their time to apply the knowledge learned through problem-based discussions
and presentations (Bishop and Verleger 2013).

Although the flipped learning approach is not a panacea for all education ills, it
appears to promote significantly higher student achievement compared to the traditional
instructor lecture approach (Strelan et al. 2020; van Alten et al. 2019). However, it is
important to note that the positive learning outcome afforded by flipped learning is only
possible if all students come prepared to the face-to-face class sessions. If students fail
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to complete the pre-class learning activities, the instructor will have no choice but to
re-teach the materials in class. This would render the entire flipped learning approach
no different than a traditional lecture.

Many previous flipped learning studies have found that a lack of student engagement
in the pre-class activities to be a persistent and widespread problem. Diwanji et al. (2018),
for instance, reported that only 27.7% of students often prepared for a class. In other
studies, 39% of students reported that they did not do any preparation at all for the
face-to-face classes (Sahin et al. 2015), and more than 70% students skipped the pre-
class learning activities (Palmer 2015). Some of the main reasons for not preparing for
classes included a lack of motivation for doing the pre-class activities (Lo et al. 2017),
and failing to understand the pre-class course content because students have difficulty
communicating with the instructor when watching videos at home (Scott et al. 2016).

To engage students in the pre-class activities, most studies linked the completion
of pre-class tasks to a portion of students’ final course grade (Diwanji et al. 2018;
Elliott and Rob 2014). Students who complete the pre-class tasks (e.g., watch videos,
answer quizzes) will be awarded some marks, while those who ignored the tasks will not
receive any. Yet, using “marks-for-task-completion” may not necessary promote student
in-depth thinking. Students may simply “play the game” of assessment by arbitrarily
clicking on the quiz answers, or letting the videos play to completion without anyone
actually watching them.

The purpose of the present study is to explore the use of chatbots in flipped learning
online sessions. More specifically, this study is part of a larger research project that
examines whether chatbots can be used as an innovative strategy to promote flipped
learning student engagement in the online pre-class activities. In this article, we focus
on providing a thick description of the development of two chatbots: Quiz bot, and
Goal-setting bot, using a visual development tool — Dialogflow. We then evaluated the
chatbots in terms of its perceived usefulness, and perceived ease of use from the students’
perspectives. We also examined the extent of student engagement with the chatbots.

1.2 Chatbot

A chatbot is a computer programmed conversational tool bot that interacts with users
on a certain topic using natural language (Diwanji et al. 2018). A chatbot can be either
a text-based or audio-based dialog system that facilitates human-computer interaction
by asking or answering questions (Fryer et al. 2017), and prompt students to complete
their assignments (McNeal 2017).

Chatbots have the potential to reduce the transactional distance that frequently hap-
pens between learners and instructors in an online learning space. According to Moore’s
(1997) theory of transactional distance, there is a psychological and communication gap
between the instructor and the learner in online learning space which creates room for
potential misunderstanding. If transactional distance is reduced, learners are more likely
to feel satisfied with their learning environment. Chatbots can help reduce the transac-
tional distance by providing a dialogue for the learner to interact with the course content.
There is preliminary evidence that chatbots can motivate students for learning and keep
them engaged in the learning process (Diwanji et al. 2018), and decrease students’ sense
of isolation during online learning (Huang et al. 2019).
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Despite the growing interest in chatbots, extant research is still in its infancy. Previous
research has focused mainly on the use of chatbots in second or foreign language learning
(Smutny and Schreiberova 2020) such as using chatbot to practice vocabulary knowledge
with learners (Kim 2018). The use of chatbots outside the domain of second or foreign
language learning is limited. We do not know much about the use of chatbots to support
other forms of online course activities such as providing hints to quiz questions, or
providing goal-setting recommendations to learners.

Chatbot-Building Tool

In this study, Dialogflow from Google was employed to develop our chatbots activities.
We decided to use Dialogflow due to the following reasons: first, it is free and enables
users to add chatbots into webpages. The Moodle learning management system was
utilized by the university in the present study and it allows users to add embedded code
related to Dialogflow for our online activities. Second, the visual development dashboard
of Dialogflow requires no computer coding knowledge, which allows non-programming
users to design chatbots easily.

The chatbots in our study were rule-based, rather than Al-based. Rule-based bots
answer user questions based on a pre-determined set of rules that are embedded into
them, while Al bots are self-learning bots that are programmed with Natural Language
Processing and Machine Learning (Joshi 2020). We chose to use a rule-based bot (rather
than an Al bot) because a rule-based bot is much simpler to build especially for people
who do not have an IT background, and is much faster to train (Joshi 2020). Although Al
bots can self-learn from data, it usually takes a long time to train them. More importantly,
the self-learning ability of Al bots is not always perfect — for example, Al bots can learn
something they are not supposed to, and start to post offensive messages (Joshi 2020).

A chatbot taking the role of a learning partner, named Learning Buddy, was inte-
grated into university students’ flipped online learning activities in two case studies.
We developed two types of chatbot online activities in Learning Buddy — Quiz Chatbot
and Self-Regulated Learning (SRL) Chatbot. The Quiz Chatbot offered students short
quizzes and reinforce their understanding of the learning contents. The SRL Chatbot
was designed to assist students to set their own personal goals when attending a course.
Both chatbots provided information in the form of conversations with students.

2 Case I: Quiz Chatbot

2.1 The Development of the Quiz Chatbot

We integrated the Quiz Chatbot into Moodle where students received the online learn-
ing materials before they came to class. Students were required to interact with the
Quiz Chatbot to assess the main learning contents before attending a tutorial ses-
sion. The learning topic was social media. The training utterances, including questions,
intents, entities, and appropriate responses, were designed based on the learning topic
and manually added to the Dialogflow system. Intents refer to the goals or motive the
user has in mind when conversing with a Chatbot (McGrath 2017). For example, if a
user types “show me yesterday’s weather temperature”, the user’s goal or motive is to
retrieve information concerning the previous day’s weather. An entity modifies an intent
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(McGrath 2017). For example, if a user types “show me yesterday’s weather tempera-
ture”, the entities would be “yesterday”, “weather”, and “temperature”. The Dialogflow
system was able to learn from the training utterances and capture students’ inputs during
the conversation.

The Quiz Chatbot greeted students on the Moodle webpage via a live chat bubble
(see Fig. 1). Next, three quizzes were asked by the Quiz Chatbot one after another. After
students typed the answers, Quiz Chatbot would determine students’ inputs and provide
relevant feedback. We employed chit-chats between quizzes to create a friendly learning
climate and engage students to complete the quiz task. For example, the Quiz Chatbot
asked students “is this quiz helpful in comprehending the definition of social media?”
to show its concern for students’ learning process. If students appreciated the use of
chatbot on knowledge understanding, Quiz Chatbot would respond “Thanks, happy to
know that!”; otherwise, the chatbot would explain “I’m still being developed, and your
response can help me become better. Hope you can find the next quiz helpful”. Figure 2
showed the conversation flow between students and the Quiz Chatbot.

Lecture 8: Social media

This lecture surfaces & explores a range issues related to the use of social media in
different contexts. The potential for the application of social media is noted, & balanced by
concerns about its efficacy & potential negative issues. Topics addressed include:

« Definition

+ Characteristics

+ Formats

« Social media in the workplace

« Social media issues/concerns

« Potential for research

P

Lecture 8: Social media

This seminar explores Social Media

« Definition

» Characteristics

« Formats

« Social media in the workplace

« Social media issues/concerns Hello! I'm your leaming uartne7r in X )
« Potential for research in social media BSIM4020. What's your name l#— Quiz Chatbot

Fig. 1. Quiz Chatbot greeted students on Moodle

2.2 Data Collection and Analysis

Participants were students who enrolled in an undergraduate course at a public univer-
sity in Hong Kong. We obtained the ethical approval of this study from the university
Institutional Review Board. The researcher introduced the chatbot activity and informed
students of the study before the course. To evaluate students’ behavioral engagement,
we collected conversation records between students and the Quiz Chatbot in the pre-
class learning session. To investigate students’ perceived usefulness and ease of use of
the Quiz Chatbot, a five-point scale questionnaire was used (adapted from Davis 1989,
p. 340). Davis (1989) defined perceived ease of use is defined as “the degree to which a
person believes that using a particular system would be free of effort” (p. 320), whereas
perceived usefulness refers to “the degree to which a person believes that using a partic-
ular system would enhance his or her job performance” (p. 320). The scale ranged from
1 (i.e., strongly disagree) to 5 (i.e., strong agree). The questionnaire was administrated



168 K. F. Hew et al.

to students in their pre-class learning. Students’ perceived usefulness consisted of five
items, for example, “The Learning Buddy chatbot addressed my needs of the tutorial
activity preparation”. Students’ perceived ease of use was measure by another five items,
such as “I found it easy to use the chatbot to communicate” and “I found it easy to recover
from errors encountered while using the chatbot”.

| Greeting |
)\
Y,
— Is the quiz
Go to next quiz ——<___answered correctly?
‘ iy >— Quiz
Yes | No
Bot: Great! Bot: Nice try, but
[explanation] [explanation]
Bot: Is this quiz helpful J
in comprehending [learning
content]?
Yes No
Bot: Thanks, happy Bot: Hope you find p— Chit-chat
to know that! next quiz helpful.
No -
Bot: Shall we continue? Oh, that'sfine. Happy | ___
to learn with you.
Yes$
No Yes ;
; i77 Congratulation, you
Is this the last quiz? ‘({ finish all the quizzes!

Fig. 2. The flowchart of the Quiz Chatbot design

There were 56 students enrolled in this course, and 17 students voluntarily partici-
pated in our study and interacted with the Quiz Chatbot during their pre-class learning.
Within the 17 students, 15 of them finished all quizzes through the chatbot. Therefore, we
collected these 15 students’ chatbot conversation records and analyzed student-chatbot
utterance turn, session length, and goal completion rate. Utterance turn or conversation
step refers to the number of back-and-forth exchange between a chatbot and a user (Yao
2016). For example, if a chatbot says “hello” and the user replies “hello”, this is one
utterance turn. Session length, also known as session duration or handle time, can be
defined as the amount of time that elapses between the moment a user starts to converse
with a chatbot and the moment they end the conversation (Mead 2019). Goal completion
rate refers to the number of times the chatbot succeeds in achieving its purpose, which is
to help learners complete the quizzes in this case. Table 1 shows the descriptive statistics
of students’ behavioral engagement. The average utterance turns between students and
chatbot was 14.6 times with a standard deviation of 3.48. Students spend an average of
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4.73 min conversing with the Quiz Chatbot with a standard deviation of 1.62. The goal
completion rate was 88%.

Table 1. Descriptive statistics for utterance turn and duration.

N | Minimum | Maximum | Mean | Std. deviation
Utterance turn | 15| 11.00 23.00 14.60 | 3.48
Session length | 15| 2.00 8.00 4.7311.63

A total of 7 students in this course completed the questionnaire. Table 2 shows the
descriptive statistics of students’ perceived usefulness and ease of use of the Quiz Chat-
bot. Students interacting with the Quiz Chatbot perceived a relatively high usefulness
(Mean = 4, SD = .82) indicated by the item 5, which was “Overall, I found the chatbot
was useful in my learning”. Students have a strong perceived ease of use of the Quiz
Chatbot (Mean = 4, SD = .58) by the item “Overall, I found the chatbot easy to use”.

Table 2. Descriptive statistics for students’ questionnaire

Item N | Mean (SD)
Usefulness | 1. Using the chatbot enabled me to reflect on my pre-class 7 13.57(1.27)
learning

2. Using the chatbot made it easier to comprehend the online 7 13.57(.79)
learning contents

3. My comprehension of the learning contents would be easy to | 7 | 2.86 (1.35)
obtain with the use of the chatbot

4. The chatbot enhanced my effectiveness in preparing my 7 13.00 (1.41)
tutorial activity

5. Overall, I found the chatbot was useful in my learning 7 14.00 (.82)

Ease of use | 1. I found it easy to use the chatbot to communicate 7 13.71(1.11)

2. I didn’t feel confused when I use chatbot 7 13.43(1.13)

3. The chatbot often behaves in expected ways 7 13.57 (.98)

4. 1 found it easy to recover from errors encountered while using | 7 | 3.14 (1.35)
the chatbot

5. Overall, I found the chatbot easy to use 7 14.00 (.58)

3 Case II: Self-regulated Learning Chatbot

3.1 The Development of Self-regulated Learning Chatbot

The Self-Regulated Learning (SRL) Chatbot helped students to set personal learning
goals with regard to the course they attended. Students were required to interact with
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the SRL Chatbot on Moodle webpage before coming to the first class. The SRL Chatbot
engaged students with five goal-setting questions. For each of the questions, potential
options were offered to inspire the directions of students’ self-regulated learning goals
and expectations of the course. For example, before students attended the first lesson, the
chatbot asked students “could you tell me what you want to gain most from this course?”
followed by three options (Fig. 3). All students were given the opportunity to express
their expectations. Based on the student’s answer to each question, the SRL Chatbot
would provide relevant recommendations that suit each student’s preference. Students
with low self-regulation skills would not feel lost and overwhelmed when they were
required to set a goal. Together with the recommendations after each choice, students
can have a better idea of achieving the particular goals they set for the course.

LearningBuddy

SRL Chatbot ———» Kl Then could you tell me what you
want to gain most from this course?

A. Knowledge of adult learning
strategies and apply them to my own
study

B. Insightful conversations with
instructor and classmates to help
shape/address/develop my career
path

C. A good grade to save my GPA

| Student
response

I may choose 2nd one ¢t

I'see. . My suggestion is that you can
follow recommendations in the
system and stick to it. | believe you
can do better than this!

|Ask something..

Fig. 3. The dialogue between SRL Chatbot and students

The instructor of this course participated in the SRL Chatbot design and development.
Aligned with the course learning outcomes, the instructor worked out the goal-setting
questions and relevant self-regulated learning recommendations. Then the chatbot devel-
oper categorized the data into intents, entities, and responses according to the Dialogflow
system. The intents were pre-defined keywords of students’ inputs. The entities were
the synonyms and misspellings of keywords for different intents. Recommendations for
self-regulated learning strategies were fed into responses data. To minimise students’
off-topic replies, we labeled three potential options (A, B, or C) for each question posed.
Figure 4 shows the flowchart for designing the SRL Chatbot. The SRL Chatbot was
tested by the instructor and the developer before it was launched on Moodle.

3.2 Data Collection and Analysis

The participants were enrolled in another course in a public university in Hong Kong.
The participants in Case II were different from the participants in Case I. Similar with
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| Greeting |
Goal-setting
question
[ Gotonext
question

If student's inputs
match <intent>

No | Bot: Please choose
Yes | AB,orC.

Recommendation regarding
the specific <intent>

No J7

— Is this the last question?

Yes

| see you in class! |

Fig. 4. The flowchart of the SRL Chatbot design

Case I, we evaluated students’ behavioral engagement by measuring their conversation
records with the SRL Chatbot (utterance turn, session length, goal completion rate). The
goal completion rate in this case would be the number of times the SRL Chatbot was
successful in helping students set their personal goals. Students’ perceived usefulness
and ease of use were examined by the same 5-point scale questionnaire used in Case 1.
The usefulness scale showed a high level of internal consistency with a Cronbach’s alpha
of 0.859. The Cronbach’s alpha for perceived ease of use items was 0.742. We obtained
the ethical approval of this study from the university Institutional Review Board. An
open-ended survey was conducted to obtain students’ opinions about the chatbot activity
design. The open-ended survey mainly focused on (1) students’ perceived engagement
factors, and (2) students’ suggestions to improve the chatbot.

Students (n = 29) set their learning goals with the assistance of the SRL Chatbot
before coming to the first class. The results of students’ behavioral engagement with the
chatbot activity were shown in Table 3. Students interacted with the chatbot within an
average of 7.97 turns, with a standard deviation of 1.36. The duration of student-chatbot
conversation was average 4 min (SD = 2.65). The conversation records revealed that
almost half of the students (n = 14) completed the goal-setting activity within 7 turns,
followed by 8 students talking to the chatbot within 8 utterance turns. There were 3
students achieved 10 turns (n = 2) and 13 turns (n = 1). After finishing the goal-setting
task, students continued to talk with the chatbot to ask for other topics. For example,
students asked chatbot “Can you speak more words?” and “When is the assignment
due?” The goal completion rate was 100%.

Sixteen students completed the questionnaire (Table 4). The average mean of stu-
dents’ perceived ease of use (M = 4.25, SD = .68) was slightly higher than that of
the perceived usefulness of the SRL Chatbot (M = 3.94, SD = .68). Students reported
that SRL Chatbot was easy to communicate. During the interaction, the SRL Chatbot
performed in expected ways to help students to set personal goals.
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Table 3. Utterance turns and duration for the Self-Regulated Learning Chatbot.

N | Minimum | Maximum | Mean | Std. deviation
Utterance turn |29 | 7.00 13.00 797 |1.35
Session length | 29 | 1.00 11.00 4.00 |2.65

We employed a grounded approach to analyze the open-ended survey, from which
students’ responses will be categorized into different themes inductively. Two researchers
coded students’ responses independently. The inter-coder agreement was 90%. The
disagreement was resolved by a discussion between the two researchers.

Table 4. Descriptive statistics of students’ questionnaire for the SRL Chatbot

Item N | Mean (SD)
Usefulness | 1. Using the chatbot enabled me to reflect on my pre-class 16| 3.94 (.77)
learning

2. Using the chatbot made it easier to comprehend the online 16 | 4.00 (.73)
learning contents

3. My comprehension of the learning contents would be easy to | 16 | 2.75 (.68)
obtain with the use of the chatbot

4. The chatbot enhanced my effectiveness in preparing my 16 | 3.69 (.87)
tutorial activity
5. Overall, I found the chatbot was useful in my learning 16 | 3.94 (.68)
Ease of use | 1. I found it easy to use the chatbot to communicate 16 | 4.19 (.54)
2. I didn’t feel confused when I use chatbot 16 | 4.19 (.54)
3. The chatbot often behaves in expected ways 16 14.00 (.89)
4. I found it easy to recover from errors encountered while 16 | 3.19 (.66)
using the chatbot
5. Overall, I found the chatbot easy to use 16 | 4.25 (.68)

The first open-ended question explored the various beneficial factors that students
found related to the SRL Chatbot. The responses from 16 students indicated five factors:
guidance, interaction, timely feedback, engagement, and personalization (see Fig. 5).

First, the interaction was remarked by 4 students who were engaged by the SRL
Chatbot in a way of step-by-step conversation. Student B mentioned ““I like chatbot
because it directs me step by step in goal-setting”. Second, students found the SRL
Chatbot could help them to understand how and when to set goals for a course. For
example, Student H mentioned ““I think the chatbot-assisted goal-setting activity can help
me clarify my expectation for this course”. Third, conversing with the chatbot improved
students’ motivation to set learning goals. Student N acknowledged “The chatbot is
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Tnteraction
Engagenm et
Guiidancc |
Timely feedback
Personalization
0 1 2 3 4

Fig. 5. Factors that engaged students in the SRL Chatbot

innovative”. Fourth, the SRL chatbot provided prompt feedbacks during students’ goal-
setting process, which “solved students’ problems in time (Student D)”. Lastly, few
students believed the SRL Chatbot “cater to diversity (Student O)” for individual’s goal
setting, in which the chatbot provided personalized recommendation to students based
on their answers.

The second open-ended question focused on students’ suggestions about the future
improvements of the current SRL Chatbot. We categorized four directions to revise the
chatbot activity: (a) richer recommendation, (b) more intelligence, (c) more interactive
function, and (d) long-term use (see Fig. 6). First, in total of 7 students suggested the
chatbot could provide more “customized recommendation (Student O)”. For each goal-
setting question, we pre-defined three options (i.e., A, B, and C) to assist students to
label their inputs. However, “more options (Student A and Student B)” were expected
to be offered. Second, students mentioned the SRL Chatbot could be more intelligent
by “answering faster (Student J)” and “chatting like Siri (Student C)”. Third, more
interactive functions could be added during the conversation. Student K mentioned using
“emojis in the sentences” could help enhance the interaction between students and the
chatbot. Lastly, 2 students expressed their willingness to continue using the SRL Chatbot
for more sessions. Student E expected the chatbot “can help students setting a timetable
and remind students about each assignment they should do in Moodle”.

Richer recommendation

|
More intelligence IE—
More interactive function IEEEEEEE—————

|

Long-term use

Fig. 6. Students’ suggestions for improving the SRL Chatbot
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4 Conclusion

This study, which is part of a larger research project on engaging student in flipped
learning, explored the use of two types of chatbots in flipped learning online sessions:
Quiz Chatbot, and SRL Chatbot. We described in detail the implementations of the two
chatbots, and evaluated the chatbots in terms of its perceived usefulness, and perceived
ease of use. We also examined the extent of student behavioral engagement with the
chatbots.

Overall, we found positive user experiences with both the Quiz and SRL Chatbots
with regard to the chatbots’ perceived usefulness and perceived ease of use. Perceived
usefulness and perceived ease of use have a direct impact on people’s intentions to use
an information tool or system (He et al. 2018). In other words, if a user feels that the
chatbot enhances his or her learning, and that using the chatbot is be free of effort, the
user will be willing to use the tool. Analyses of the users’ conversation records with the
Quiz and SRL Chatbots reveal that the average session length for both chatbots was 4
min. Although the ideal average session length will differ based on the context of the
conversation, the longer the session length, the better a chatbot is at creating an engaging
conversation experience for the user (Phillips 2018). At this moment, we are unable to
state what the optimal average session length should be. However, from the Case II
instructor’s perspective, an average session length of 4 min is indicative of an engaging
chatbot experience for the learners.

The average number of utterance turn was 14 for the Quiz Chatbot and 7 for the SRL
Chatbot. The average number of utterance turn for the Quiz Chatbot was higher than
that for the SRL Chatbot probably because learners tend to engage in more interactions
when answering quiz questions (e.g., by asking the chatbot questions and the chatbot
replies) than setting their own personal goals with a chatbot. Both chatbots registered
high goal completion rates (88% for the Quiz Chatbot, and 100% for the SRL Chatbot)
which suggest that the two chatbots were successful in fulfilling the purposes they were
created for.

For future research, we plan to implement the two chatbots with larger samples of
participants involving other courses. Using larger sample sizes and other courses can help
us generalize the findings to other contexts. We also plan to measure the performance
of the chatbots using other metrics such as chatbot fallback rate. Chatbot fallback rate
refers to the number of times a chatbot is not able to understand a user’s message and
provide a relevant response (Phillips 2018). The lower the fallback rate, the higher will
be the user satisfaction. In contrast, a high fallback rate means that more effort should
be spent on training the chatbots.
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